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Abstract

humerus fracture (n=2; 15.4%).

Background: 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. The aim of this study was to evaluate the outcomes
of tendon transfer in patients with drop-hand syndrome who had been injured in the Syrian Civil War.

Methods: This level-ll, prospective, comparative study included 13 civilians injured in the Syrian Civil War 2015 and
2017. The palmaris longus tendon was used for transfer to the extensor pollicis longus for thumb extension. The
pronator teres was transferred to the extensor carpi radialis brevis for wrist extension. The flexor carpi radialis was
transferred to the extensor digiti communis for 2nd, 3rd, 4th, and 5th finger extension. All outcomes of thumb
abduction and extension, wrist extension, wrist flexion, and finger extension were assessed.

Results: There was a high level of radial nerve injury in all patients included in the study. The time from injury to
treatment ranged from 1.5 months to 9 months. The mechanism of injury most commonly observed was a gunshot
wound, which was observed in 8 patients (61.5%), followed by a penetrating cutting tool injury (n = 3; 23.1%) and

Conclusions: In radial nerve injuries, successful results can be achieved with tendon transfer. All patients regained
thumb abduction of up to approximately 60°. All the patients were able to bend the wrist, grip, and extend the
fingers while in wrist flexion, neutral wrist and wrist extension positions. Although the reason for the radial injury
varied, the postoperative outcomes were good for all patients, and the rehabilitation period progressed successfully
in patients who underwent tendon transfer repair within 90 days of injury.

Keywords: Hand, Tendon transfer, Drop-hand syndrome, Syrian civil war

Background

Throughout the world, civilians are suffering the adverse
effects of wars. In Syria, severe injuries have been sus-
tained by the civilian population [1]. It has been esti-
mated in reports that 11.5% of the Syrian civilian
population has been killed or injured since the crisis
erupted in 2011 [2]. The number of wounded individuals
increased to approximately 1.9 million in 2017 [3]. As
Turkey is one of the neighboring countries of Syria, sur-
geons working in nearby cities such as Urfa, Gaziantep,
Antakya, and Adana have performed many operations
on Syrian patients [4].
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It is well known that wars present different kinds of
injuries that can lead to permanent injury, disability or
limb loss [5, 6]. The radial nerve is one of most common
war-related injury sites due to penetrating cutting tool
injuries or gunshot wounds, resulting in drop-hand syn-
drome [7]. Although surgical treatment for this wound
pattern is controversial among surgeons of the upper ex-
tremity, certain management principles are valid in all
cases. Although the principles and clinical outcomes of
different surgical treatments vary [8], all plastic surgeons
have adapted their own approaches to improve postop-
erative outcomes and avoid any long-term morbidity
risks [9-11].

Tendon transfer is applied following peripheral nerve
injuries that present with delayed reinnervation of the
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related muscle, with a lack of function due to motor fi-
brosis [12]. In such cases, transferring tendons is the
only chance for a patient to regain wrist or finger exten-
sion. Although different tendon options are available,
surgeons prefer the use of specific tendon groups [13].
As a general reference, wrist extension restoration is
employed with the transfer of the pronator teres (PNT)
to the extensor carpi radialis brevis (eCRB) [14]. Pal-
maris longus (PML) is the best choice for restoration of
thumb extension and thumb radial abduction [13, 15].
The repair approach for finger extension can be
employed using the flexor digitorum superficialis (fDS),
flexor carpi ulnaris (fCU), or flexor carpi radialis (fCR)
[16].

To date, there have been no other reasonable alterna-
tives to tendon transfers for radial neuron palsies follow-
ing a severe injury such as that sustained in armed
conflict. Although a few studies have been conducted in
Turkey regarding war injuries from the Syrian Civil War,
this is the first study regarding surgical restoration of
drop-hand syndrome with tendon transfer in Syrian
patients.

Methods

This level-1I, prospective, comparative study included ci-
vilians injured in the Syrian Civil War 2015 and 2017.
All patients acknowledged and signed the informed pa-
tient consent form for the study after the completion of
demographic data collection [17]. We obtained study ap-
proval from the institute where the study was conducted
(Number: 2018-255-0002). A total of 13 patients were
determined to have radial nerve palsy. Ternary tendon
transfer surgery was performed on all of these injured
Syrian patients. The choice of the appropriate surgical
method was based on the complete evaluation of the pa-
tient, comprising a clinical evaluation (anamnesis, clin-
ical and neurological examination), an
electrophysiological evaluation (EMNG, SSEP), a radio-
logical evaluation (X-ray, CT, MRI), and an intraopera-
tive evaluation with the wuse of intraoperative
monitoring, as well as on the treatment of symptoms
(pain, motor, sensory or cosmetic deficits).

Surgical technique for tendon transfer

All operations were performed under general anesthesia
with tourniquet control. In the surgical tendon transfer
technique, the palmaris longus tendon (PLT) was used
for transfer to the ePL for thumb extension, as shown in
Fig. 1a. The pronator teres was transferred to the eCRB
for wrist extension, as shown in Fig. 1b. The flexor carpi
radialis was transferred to the extensor digiti communis
(eDC) for 2nd, 3rd, 4th, and 5th finger extension, as
shown in Fig. 1c. All tendon repairs were performed
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Fig. 1 The palmaris longus tendon was used for transfer to the
extensor pollicis longus for thumb extension, as shown in (a). The
pronator teres was transferred to the extensor carpi radialis brevis
for wrist extension, as shown in (b). The flexor carpi radialis was
transferred to the extensor digiti communis for 2nd, 3rd, 4th, and
5Sth finger extension, as shown in (c)

“end-to-end” with polypropylene suture, and hands were
immobilized after surgery.

The tendons were cut distally at the wrist and freed
from the musculotendinous junction proximally after
the tendons of the fCU and fCR were released via longi-
tudinal forearm incisions. The tendons were tunneled
along the radial and ulnar borders of the forearm sub-
cutaneously. Under high tension, the tendon was sutured
to the eCRB tendon with the wrist extended. The fCU
was joined with the abductor pollicis longus (APL), ex-
tensor pollicis longus (ePL), eDC, and extensor indices
proprius (eIP). After wrist extension under tension, the
fCU was connected to the eDC and eIP, which are the
finger extensor muscles. This approach was 15° short of
full extension for the metacarpophalangeal joints. To
provide full extension for the thumb, the ePL tendon
was joined with the fCU tendon first, and then the APL
tendon was sutured to the fCU tendon at maximum
tension.

Assessment of results

The overall result was rated as perfect, good, fair, or
poor according to the Moussavi et al. [10] classification.
The assessment criteria are shown in Table 1. Thumb
abduction and extension, wrist extension, wrist flexion,
and finger extension were assessed according to these
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Table 1 The surgical functional criteria for motion assessment
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Movement Perfect Good Fair Poor

WE 0°-80° 0° 45° Extension restriction 70° Extension restriction
FE 0°-10° 0° 45° Extension restriction 90° Extension restriction
™ 80°- 99° 60°-80° 30°-59° 0°-29°

WF Exact 0°-20° 0° Dorsiflexed

FE Finger extension, WE Wrist extension, WF Wrist flexion, TM Thumb movement

ratings, and the ability of the patient to return to their
preinjury occupations was determined as a percentage
(Figs. 2-3).

Statistical analysis

The statistical analysis of data was performed using SPSS
24.0 software (IBM Corp, New York, USA) to evaluate
descriptive statistics such as mean and standard devi-
ation. We did not have date to compare between groups.

Results
The study included a total of 13 patients with drop-hand
syndrome resulting from injuries sustained in the Syrian
Civil War. The patients comprised 11 males and 2 fe-
males with a mean age of 30.6 + 13.2 years. The most
common mechanism of injury was a gunshot wound,
which was observed in 8 patients (61.5%), followed by a
penetrating cutting tool injury (n=3; 23.1%) and hu-
merus fracture (n = 2; 15.4%).

The patient occupations reported were mostly student
and soldier. The operating time ranged from 45 min to
270 min. The ability to return to preinjury occupation

Fig. 2 Patient images taken immediately following the operation (a)
and 45 days postoperatively (b-c)

was >80% for most patients. The postoperative follow-
up outcomes and demographic details of the patients are
shown in Table 2.

Discussion

It is well known by surgeons that tendon transfer is of
critical importance in the restoration of lack of hand
function and decreased limb performance [10, 18]. This
is because once a nerve repair application has failed, bet-
ter results can be obtained via tendon transfer in pa-
tients with radial nerve palsy. In particular, if there is a
low level of improvement in radial nerve injuries within
a one-year period, tendon transfer should be recom-
mended for the treatment of such injuries [14, 19, 20].
Although many surgeons prefer different tendon transfer
approaches to obtain the best treatment outcomes, in-
cluding restoration of the thumb, finger extension, and
wrist extension, there are points of disagreement on the
best tendon transfer approach in patients with radial
nerve palsy [21, 22]. In this paper, the results were evalu-
ated for tendon transfer applied to 13 Syrian patients
with drop-hand syndrome, and promising outcomes
were obtained.

Fig. 3 Patient images taken immediately following the operation (a)
and 90 days postoperatively (b-c)
.
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Table 2 Detailed documentation of the patients and functional assessment outcomes

D Sex Age (year) Occupation Injury Time*(min) FE WE WF ™ Ability toreturn (%)
1 Female 66 Housewife DCl 45 Good Perfect Good Perfect 100
2 Male 37 Photographer DCl 80 Perfect Good Good Good 20
3 Male 15 Student DCl 110 Good Good Good Perfect 90
4 Male 48 Merchant GW 95 Good Good Good Good 80
5 Male 22 Waiter HF 90 Good Good Good Good 80
6 Male 17 Student GW 120 Good Good Good Good 85
7 Female 28 Housewife GW 75 Good Good Perfect Good 90
8 Male 28 Soldier GW 160 Good Fair Good Good 70
9 Male 29 Pharmacist GW 100 Good Good Good Good 80
10 Male 31 Teacher HF 95 Good Good Good Good 80
11 Male 21 Soldier GW 120 Good Good Fair Good 70
12 Male 23 Soldier GW 143 Good Good Good Good 70
13 Male 33 Worker GW 270 Good Fair Poor Good 50

Time*: Time of tendon transfer after injury; FE Finger extension, WE Wrist extension, WF Wrist flexion, TM Thumb movement, DC/ Drill cutter injury, GW Gunshot

wound, HF Humerus fracture

The use of heavy weapons resulting in serious kinetic
energy injuries has been reported as a routine conse-
quence of the conflict in Syria [23]. The transfer time of
patients in these circumstances can be longer than what
is normally expected, and infections may be observed at
higher rates in these cases [5]. Civilian surgeons located
closest to the war are ideally obliged to treat injured ci-
vilians [6]. As Turkey is a country neighboring Syria,
surgeons in cities close to the border treat wounded ci-
vilians from the ongoing civil war [4]. Among injured
Syrians, limb injuries are one of the most commonly en-
countered pathologies. As a result of limb injuries, se-
vere radial nerve damage has been reported in these
patients. In the literature, most reports of drop-hand
syndrome have occurred during iatrogenic humeral frac-
ture repair [24—26]. However, in the current study, most
of the injuries were due to penetrating cutting tool injur-
ies, while only two cases occurred during iatrogenic hu-
meral fracture repair.

The best approach for radial nerve injuries, especially
in the setting of a closed humeral shaft fracture, con-
tinues to be controversial among plastic surgeons.
Transfer of the pronator teres to the extensor carpi
radialis brevis is the most reliable approach to restore
wrist extension [15]. However, there is sometimes no
possibility of radial nerve recovery, and it is necessary to
perform the transfer using the end-to-end approach, in
which the extensor carpi radialis brevis tendon is cut
and sutured to the endpoint of the pronator teres ten-
don. This method results in a flat tension direction and
more efficient transfer. If the radial nerve has already
been repaired and it is anticipated that the extensor
carpi radialis brevis will recover in the future, the prona-
tor teres tendon should be transferred using the end-to-

end method, suturing the tendon adjacent to the intact
extensor carpi radialis brevis tendon [27-29]. When this
application is performed early, the nerves will function
as an internal splint to correct the wrist while healing.
Consequently, the extensor carpal radialis brevis is kept
in good condition, and wrist extension will be restored
when motor function is regained [15]. In the surgical
tendon transfer technique used in the current study, the
pronator teres was transferred to the extensor carpi
radialis brevis for wrist extension, and the flexor carpi
radialis was transferred to the extensor digiti communis
to provide 2nd, 3rd, 4th, and 5th finger extension.

Thumb extension is important for achieving high-level
hand functioning. The combined extension movement
of the thumb and index finger must be simultaneous.
This movement facilitates correct manipulation and al-
lows for unique motion [14, 29]. Transfer of the pal-
maris longus to obtain motion may result in an
extension of the joints between the fingers as well as
thumb abduction in the radial direction. Several different
tendons may be transferred to the extensor pollicis
longus. In the literature, the most frequently transferred
tendons are the palmaris longus or flexor digitorum
superficialis of the ring finger [12, 13, 20]. Similarly, the
palmaris longus tendon was transferred to the extender
pollicis longus for thumb extension in the current study.
The follow-up results of these patients were satisfactory,
as their condition demanded.

Transferring the flexor digitorum superficialis, flexor
carpi ulnaris, or flexor carpi radialis tendons to the ex-
tensor digitorum communis may be a solution to restore
extension of the metacarpophalangeal joints of the fin-
gers. In a study by Yavari et al. [30], a single tendon
transfer from the flexor carpi ulnaris to the common
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extensor digitorum and extensor pollicis longus was per-
formed on 30 subjects. Ternary tendon transfer from the
pronator teres to the extensor carpi radialis brevis, from
the flexor carpi ulnaris to the common extensor digi-
torum and from the palmaris longus to the extensor pol-
licis longus was applied to another 17 patients. There
was no significant difference between the results of sin-
gle tendon and ternary tendon transfer surgery after 1
month of postoperative splinting and physiotherapy. In
the current study, ternary tendon transfer was used ra-
ther than single tendon transfer, so there was no com-
parison. The majority of the Syrian patients regained
their preinjury occupational ability. We believe that
these patients fought as guerrillas with high motivation
and that there was no regular army. In fact, some of the
patients who were treated went to war again and were
injured again. The most important point of the current
study was that with the application of immediate tendon
transfer surgery, a considerable amount of wrist exten-
sion was regained.

There were some limitations to this study. Long-term
follow-up of most patients was not possible because they
were from Syria and had no long-term address; thus,
they were lost after discharge.

Conclusion

In conclusion, the present surgical applications to pa-
tients from the Syrian War showed that all patients
regained thumb abduction up to approximately 60°. All
patients regained the ability to bend the wrist and to
grip, and they could extend the fingers in wrist flexion,
neutral wrist, and wrist extension positions. To the best
of our knowledge, this is the first study to have pre-
sented results on radial nerve injuries that occurred in
the Syrian Civil War. Radial nerve injuries can vary in
terms of whether they were caused by armed conflict or
by accident. In the current study, injuries due to gunshot
or cutting tool wounds were more frequently observed
than injuries due to humerus fracture, which are more
common in accidental injuries. In patients with radial
nerve injury due to war, successful results can be ob-
tained with tendon transfer surgery. Despite the varying
causes of radial injury, the postoperative outcomes were
good, and the rehabilitation period progressed success-
fully in patients who underwent tendon repair within 90
days of the injury.

Abbreviations

APL: Abductor pollicis longus; eCRB: Extensor carpi radialis brevis;

eDC: Extensor digiti communis; elP: Extensor indices proprius; ePL: Extensor
pollicis longus; fCR: Flexor carpi radialis; fCU: Flexor carpi ulnaris; fDS: Flexor
digitorum superficialis; PLT: Palmaris longus tendon; PML: Palmaris longus;
PNT: Pronator teres

Acknowledgements
Not applicable.

Page 5 of 6

Authors’ contributions

MU designed the study, collected data, wrote the paper, outlined this
manuscript, and provided a detailed guidance throughout the article. The
author read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate

This article contains studies with human participants; thus, we obtained
study approval from the institute where the study was conducted (2018-
255-0002).

Consent for publication
Informed consent was required and obtained from the participants.

Competing interests
The author declares that he has no competing interests.

Received: 8 April 2019 Accepted: 5 November 2019
Published online: 19 November 2019

References

1. Hakimoglu S, Karcioglu M, Tuzcu K, Davarci |, Koyuncu O, Dikey |, et al.
Assessment of the perioperative period in civilians injured in the Syrian civil
war. Rev Bras Anestesiol. 2015;65:445-9.

2. Report on Syria conflict finds 11.5% of population killed or injured. Web:
https.//www.theguardian.com/world/2016/feb/11/report-on-syria-conflict-
finds-115-of-population-killed-or-injured. Date of Access: 10 May 2018.

3. Celikel A, Karbeyaz K, Kararslan B, Arslan MM, Zeren C. Childhood casualties
during civil war: Syrian experience. J Forensic Legal Med. 2015;34:1-4.

4. Aras M, Altas M, Yilmaz A, Serarslan Y, Yilmaz N, Yengil E, et al. Being a
neighbor to Syria: a retrospective analysis of patients brought to our clinic
for cranial gunshot wounds in the Syrian civil war. Clin Nurol Neurosurg.
2014;125:222-8.

5. Holcomb JB, McMullin NR, Pearse L, Caruso J, Wade CE, Oetjen-Gerdes L,
et al. Causes of death in U.S. special operations forces in the global war on
terrorism. Annal Surg. 2007,245:986-91.

6. Jawas A, Abbas AK, Nazzal M, Albader M, Abu-Zidan FM. Management of
war-related vascular injuries: experience from the second gulf war. World J
Emerg Surg. 2013;8:22.

7. Riordan DC. Radial nerve paralysis. Orthop Clin North Am. 2008;5:283-7.

8. Oc M, Ulular O, Oc B. Surgical treatment of right ventricular hydatid cyst.
Heart Surg Forum. 2012;15(3):E167-9.

9. Tubiana R. Problems and solutions in palliative tendon transfer surgery for
radial nerve palsy. Tech Hand Up Extrem Surg. 2002;6:104-13.

10. Moussavi AA, Saied A, Karbalaeikhani A. Outcome of tendon transfer for
radial nerve paralysis: comparison of three methods. Indian J Orthop. 2011;
45:558-62.

11, Bishop J, Ring D. Management of radial nerve palsy associated with
humeral shaft fracture: a decision analysis model. J Hand Surg Am. 2009;34:
991-6.

12. Al-Qattan M. The "double wrist flexor" tendon transfer for radial nerve palsy.
Ann Plast Surg. 2013;71:34-6.

13. Cheah AE, Etcheson J, Yao J. Radial nerve tendon transfers. Hand Clin. 2016;
32:323-38.

14.  Pet MA, Lipira AB, Ko JH. Nerve transfers for the restoration of wrist, finger,
and thumb extension after high radial nerve injury. Hand Clin. 2016;32:191-
207.

15. Bumbasirevic M, Palibrk T, Lesic A, Atkinson H. Radial nerve palsy. EFORT
Open Rev. 2016;1:286-94.

16.  Sajid I. Understanding of tendon transfer in radial nerve palsy in leprosy.
Indian J Lepr. 2014,86:171-7.

17. Acarbas A. A Novel Prognostic Marker in Patients Undergoing Spinal
Surgery: Prognostic Nutritional Index. J Neurol Surg A Cent Eur Neurosurg.
2019. https;//doi.org/10.1055/5-0039-1693031.

18.  Sridhar K. Tendon transfer for median nerve palsy. Indian J Plast Surg. 2011;
44:357-61.


https://www.theguardian.com/world/2016/feb/11/report-on-syria-conflict-finds-115-of-population-killed-or-injured
https://www.theguardian.com/world/2016/feb/11/report-on-syria-conflict-finds-115-of-population-killed-or-injured
https://doi.org/10.1055/s-0039-1693031

Ucak Military Medical Research

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2019) 6:35

Laravine J, Cambon-Binder A, Belkheyar Z. A new rerouting technique for
the extensor pollicis longus in palliative treatment for wrist and finger
extension paralysis resulting from radial nerve and C5C6C7 root injury. Tech
Hand Up Extrem Surg. 2016,20:32-6.

Sankaran A, Thora A, Arora S, Dhal A. Single tendon transfer of the flexor
carpi ulnaris for high radial nerve injury. J Orthop Surg (Hong Kong). 2014;
23:345-8.

Emambhadi M, Andalib S. The first experience of triple nerve transfer in
proximal radial nerve palsy. World Neurosurg. 2018;109:351-5.

Bichsel U, Nyffeler RW. Secondary radial nerve palsy after minimally invasive
plate osteosynthesis of a distal humeral shaft fracture. Case Rep Orthop.
2015;2015:241968.

Kocamer Simsek B, Dokur M, Uysal E, Caliker N, Gokce ON, Deniz IK, et al.
Characteristics of the injuries of Syrian refugees sustained during the civil
war. TJTES. 2017;23:199-206.

Claessen FM, Peters RM, Verbeek DO, Helfet DL, Ring D. Factors associated
with radial nerve palsy after operative treatment of diaphyseal humeral
shaft fractures. J Shoulder Elb Surg. 2015;,24:€307-11.

Kakazu R, Dailey SK, Schroeder AJ, Wyrick JD, Archdeacon MT. latrogenic
radial nerve palsy after humeral shaft nonunion repair: more common than
you think. J Orthop Trauma. 2016;30:256-61.

Wang JP, Shen WJ, Chen WM, Huang CK, Shen YS, Chen TH. latrogenic
radial nerve palsy after operative management of humeral shaft fractures. J
Trauma. 2009,66:800-3.

Cognet JM, Fabre T, Durandeau A. Persistent radial palsy after humeral
diaphyseal fracture: cause, treatment, and results. 30 operated cases. Rev
Chir Orthop Reparatrice Appar Mot. 2002;88:655-62.

Ring D, Chin K, Jupiter JB. Radial nerve palsy associated with high-energy
humeral shaft fractures. J Hand Surg Am. 2004,29:144-7.

Latheef L, Bhardwaj P, Sankaran A, Sabapathy SR. An objective functional
evaluation of the flexor carpi ulnaris set of triple tendon transfer in radial
nerve palsy. J Hand Surg Eur. 2017,42:170-5.

Yavari M, Abdolrazaghi HA, Riahi A. A comparative study on tendon transfer
surgery in patients with radial nerve palsy. World J Plastic Surg. 2014;3:47—
51

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical technique for tendon transfer
	Assessment of results
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References

