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Options for Restoring Finger Extension in Mangled

Forearm Injuries
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Restoration of finger extension in mutilating hand injuries is crecial for restoring prehension and independent use of tha hand.
Patients often express desie to restore finger extension once finger flexion is achisved. Howewer, the extensive forearm injlery
preciudes use of any of conventional donors like the wrist or finger flexors for transfer to restore finger extension. Two patients with
sequelae of manglad forearm inguries, underwent bceps and long head of triceps transfer to the finger extensors to improve opaning
upoof the fingars. Wa discuss the treatment considerations while planning these transfers and provide the technical details, rehakbii-
itation and outcome of these patients. Both the patients expressad dramatic improvemant of their hand function and were satisfied
with the gutcome. Bicops and long head of triceps cowld serve as an effective second-line donor for restoration of finger extension
when the corventional donors are nof available.
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INTRODUCTION

In severe crush injurics of the forearm;, ke most other
complex upper limb problemsz. the imitial emphasis 1z on
achieving [mger flexion; however, for effective prehen-
sion, fmger extension 1= also essential. Severs crush imury
o the muscles locally precludes the wse of any of the
conventional donors' {wrist or finger flexors) for Dinger
cxtension. In such stuations, we have used the biceps and
triceps brachn extended wilh fascia lata graft to restore
finper extension i two patients. Both patients attained
uzcful fimger extension and were able to use their hand
independently and as a superior support to the unmured
hand. Herein, we present the considerations while plan-
ning the surzery, technical details and outcome of these
tendon transfer options for restonng linger extension.

CASE REPORTS

Two patients with mangled prosimal forearm inju-
rics with loss of entire extensor muscle mass and severe
crushing of the flexor muscle mass are presented; both
underwent debrnidement, skeletal stabih=ation, en-mass
repair of the flexors, revasculanzation of the hand and
later sbdominal flap cover of the mw arcas. Tolal loss of
extensor muscles precluded extensor tendon repair. Both
underwent muliiple slaped reconstructhive procedures
with last of them beinz restoration of Nnger extension as

detailed below. Both lacked all the conventional donors

!
R

for finger extension hke the wnst and Nnger Nexors
{Fig. 1) However, the elbow flexion and extension power
were MRC zrade preater than or egual to 4 providing us
the option of reconstruchion.

Cawe 1 — Bivepr. Brachii v Extenzor Diitoram
Transier: AL 6-months post imury, this 43 vears, nghi-
hand dominant pentleman had reasonably pood finger
Aexron and was happy with the outcome. However, he
desired finger cxtension a5 he was unable to open-up the
fngers for grasping any object. The oplions considered
for finger extension transfer included pedicled latissimus
dorsi, bicepsbrachialis extended wath fascia lata prafi
and free funchioning muscle transfer. With the expenence
of the outcomes achieved by transfer of biceps o finger
Aexors i cases of brachial plexus mjunes, the authors
chose to transier the biceps 1o the limger exlensors

An S-shaped incizion was made across the elbow and
ihe biceps tendon was divided closer to itz insertion. 1L
was extended wath fascia fafa grafl measunng 200 cm.
The graft was tunnelled under the fap over the dorsum
of forearm, crossing the clbow on the wolar aspect and
then weaved with Pulvertaft sutures into the finger exten-
sors with the clbow fully extended. wnist extended bo 309,
metacarpophalangzeal (MOP) jomnts i full extension and
interphalangeal (1P} joinis in complete fexion. The trans-
fer was tensioned m such a way that wath elbow exten-
ston, the fingers sttained extension at the MOCP joint and
with elbow flexion they el mto flexion, with full pessive
fexion of hngers possible when the elbow was fexed.

= TR

Fig. 1. Sevare crush mjury of e foreamm muscies required thieir removal-in the prsnary sungery and did

ned spare any polentiad donor for deture reconstuction,
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Fig. 2. Dwicome of 1he bicaps o fnger extersor ransior a1 4 months (AR

Strong repairs were performed to allow early active moba-
hisabion {Fig. 2).

Case I — Tricepy Brackil to Extewsor Diciiorum
Transfer: Al 9-months post injury, this 18-vear-old, nghi-
handed male, had satsfactory Pinger flexion but totally
lacked Minger extension which precluded any openimg up
of the hand for independent use. The skin graft over the
violar aspect of the distal arm and elbow precluded the ase
of biceps brachn as a donor. Trniceps brachn was the
stand-alone regional muscle that was available for transfer
with MBC grade 5. Hence, it was decided to use the long
head of triceps for transfer while leaving the lateral and
medial head o place to continue to act as elbow extensor

A mudline incision was made along the postenor
gspect of the arm. The long head of the tnceps muscle
was dissected owl proximalby and separated from the
medial and lateral heads. Dhstally, itz tendon continuation
was harvesied as a central sl (2 concwade) from the broad
combined mceps tendon to the insertion site. The tendon
tissue on the either side of the harvested central sht was
then approximated to close the gap and repaired with 3-0
prolene. Trnceps long head was extended by weaving fas-
cia lata prafi of 20 cm. The praft was then wnrelled to
bring it antenor to elfbow joimt while pas=img it aloag the
lateral aspect of the distal humenes in the subcutaneous fat

plane. I was then passed under the mobile wad muscles
o the dorsum of the forearm. The mobile wad muscles
maintained the transfer anterior to the elbow joint axis
(Fig. 3). The distal end of the fascik lata praft was then
weaved into the digital extensor tendons while kecping
the elbow i full extension; MCP joints i [ull extension
and IP joints in full flexion. The adequate tension was
confirmed by observing that the Imgers extendime well
at the MCP joint with elbow in full extension and falling
mto fAexion with elbow flexion with full passive Mexion
of the fingers possible when the elbow 15 Tlexed w907
(Video 1), Strong repars were performed 1o allow early
achive mobilisation of the transfer,

Hehabilitation: After sursery, patienis were given an
above elbow plaster with elbow Mexed to W07, wath wnst
207 extension, MOCP jomts flexed 45° and [P joints
n full extenzion. Both the pabients were changed o a
dynamic elbow broce o allow early mobilisabion on the
socond postoperative day to prevent adhesion of the Tucia
lata.

The hirsi patient was advised to do two exercises. First,
he was asked to do active elbow extension from 907 o 307

of flexion. This induced a tenodesis effect and produced
fmger extension as the transfer crossed the elfbow on the
volar side. The second exercise was done by keeping the
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Fig. 3. The route wsed bor transfer of ticeps to inger axtensor with the [ascia Eta aogeafl.

elhow flexed 1o 457 and asking the patient to actively con-
traci the biceps withoul fexing the clbow and produce
finger cxtension.

The second pattent was mstructed to actively extend
the clbow by contracting the tnceps and obscrve the
resulting finger extension. Since the transfer traversed
volar to the elbow joint axis, extension of the elbow also
produced a passive tenodesis, supplementing the active
Finger extension produced by the inceps transfer itsclf.

Active and assisted active movements were done 1o
encourage to reach full Dnger extension. At 4 wecks,
the splints were removed. and the patienis were asked
o continue the exercises without any sphints. They were
encouraged to use their hands for picking up objects of
vanous sizes and shapes by setively opening the fingers,
and by 4 monihs post surgery, they were able to do this
com{oriably.

Both the transfers were able o fully extend the MCP
Joants m these patieniz with grade 3 power of Pinger exten-
sion. Although it took approximately 4 months for both
patients & comforiably extend their Gingers, they were
both able o use the reconstructed hand for their daily
routines and expressed mmense satisfction with the
achicved resulls, considening the nature of their respec-
tve tmuries. Both patients learnt o dissociate the elbow
and the linger motion enabling them to extend the fingers
irrecspective of the position of the elbow. There was oo

reduction in the power of elbow Mexion and extension in
cither of patieni

DISCUSSION

Restonng Ninger extension s crucal for restonng pre-
henston and independent hand use. Given the unavailabil-
ity of conventonal donors in the forearm, our exploration
extended proximally to the arm and above. The consid-
cred options incleded free funchionimg gracilis? lahss-
mus diorsi extended with fascia lata graft.” brachialis! and
inceps long head. While feasibality of the trunsfer of the
biceps brachn Lo the fimger extensors was studied only in
a cadaver,” the transfer of tnceps brachii had a cadaveric
study and was used in one patient.” Those authors had
io use a separate memon on the antenor aspect of the
clbow 1o molate the lacerius fibrosus (o be used a pulley
when the graft was tunmelled from the postenior o the
antertor aspect. In our case. the previous ingury precheded
the use of such pulleys. Moreover, we feel that the moble
wad provides a sturdier and more spacious pulley than
the lacerius hbrosus. The prmary goal 15 to allow the
transfer to pass through the antenor aspect of the clbow
g0 that the tenodesiz effect of elbow movement can sup-
porl the ransfer, 1.6, with elbow extension, the fingers
would extend. This makes the traming casy as the patienis
are tramed o do an sctive elbow extension to power the
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transfer and with the same movement the tenodesis effect
also produces Ninger extension. Adding the tenodesis also
increases the excursion of the transfer. From our expen-
ence with these two transfers, we found that the tnceps
long head transfer was much easier to rehabilitate.

Biceps and long head of inceps could serve as an
cffeclive sscond-hine donor for restorabion of finger
extension when the comventional donors are not available
because of the severe mjury 1o the forcarm. Eestonng (-
per extension mast be part of the everall plan for staged
reconstruction n such complex injuries as it dramatically
improves the ability lo use the hand independently and
improves prehenson,

DECLARATIONS

Conflict of Interest The authors declared MO potential
conflicts of interast with respect to the reseanch, authorship
and/or publication of this arficle.

Funding: The authors receved MO financial support for the
research, authorship and for pubilication of this article.
Ethical Approval: Mot applicable.

Informed Consent: Wiitten informed consent was obtainad
from il subjiects before the study. Thare is MO information
{names, indtials. hospital identification numbers or photo-
graphsh in the submitted marwscript that can be osed to
identify patients.

Acknowledgements: None.

REFERENCES

1. Tubiama K. Lévolution des lechnigues de iransferts lend-
incus pour paralysic radiale |Development of the lech-
nigques of tendon transfers for radial parabysis]. Rev Chir
Cirthop Reparairice Appar Mol 1991:77(5)1285-292.

2, Doi K, Muramatsu K. Hattord Y, ot al. Restoration of
prohension with the double free muscle technique fol-
lowing complete avulziom of the bmchial  plexus.
Indications and long-term resulis. Jf Bome Jodal Surg Ame
00 EXS )63 2--600.

3. Gousheh 1, Amab H, Gilbert A: The extended latissimus
dorsi musche island flap for Aexion ot extension of the fin-
giers, J Hard Swrg Br. 20002502 60165, httpsfdoi org!
PO 105 hab. 1 0000307,

. Bertelli JA, Ghizoni ME. Brachializs muescle lmnsfer to
reconstrect finger flexion or wrist extension in brachial
plexus palsy. J Hand Surg A 20063 1025 1901 6. hitps:
At orz 100 H TG4 jhse 200500020,

3. Welsch MID, Mik ATL Feiter B2 Merrell G Distal biceps
brachii tendon transfer for ne-eslablishing extrinsic [inger
function; Feasibility study in cadavers. J Hard Sy Am
0B 433290 |- 2907 hitps . Ydod.org/ B0, F0TG jhea 2
017 10005,

.-Le Hanmeur M. Cambon-Binder &, Belkheyar ¥, Transfor
of the mcops brachii to the finger and thomb extemsors:
Anatomical study and report on one case. Hand Sarp
HRekabil. 0183 W6E3T2-3T0. https=doi .org 10 D165 ha
rsur. 201509 01,

Supplementary File: The supphamentany Sles for this manuseript
[listed as lollows) ate onlire: onfy ard can be accessed at hips)
www warldsciantific.comy'doi supph/ i 0. 112 S MM BRI TDM
Viden 1: Appropeiale tensioning of the iricaps o fingar extensors
ransfer — tha finoers remain fesed when the eibow is flexed and
open-up with elbow extension with the lang-term oulcoma.



