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Abstract

Objective: To evaluate the functional outcome of pedicled functional isolated long head of triceps transfer to
biceps tendon in failed primary nerve repair or patients seek treatment after 18 month from injury of upper
brachial plexus palsy for elbow flexion. Restoring elbow flexion with preserved elbow extension as total transfer
of triceps to biceps tendon sacrifices active extension so in our cases we preserve the medial head which is the
main elbow extensor and lateral head of triceps.

Methods : Our study, including only patients who had biceps grade 0 - 2 and triceps grade 4 - 5 in injury of
upper brachial plexus palsy , who underwent anterior transfer of isolated long head of the triceps muscle. The
affected left side (10), right side (8) sex ( 12 male ) ( 6 female ) , type of accident ( obstetric brachial plexus
palsy (6), traumatic brachial plexus palsy (12) strength of elbow flexion, complications and patient satisfaction
were investigated in 18 cases.

Results: the age range was from 3 to 52 years, with a mean of 25.7 years. The minimum time between injury and
surgery was 18 months (range 18-74 months). All the patients at final follow up said that they were satisfied
with the procedure. Evaluation Of Elbow function according to Pothula (2017 ) after Independent elbow flexion
and extension by isolated long head of triceps transfer for reconstruction of elbow flexion : very good results in
10 cases (55.6 %), good results in 5 cases ( 27.8 ), fair results in 2 cases ( 11.1 % ) and failure results in 1 case
( 5.6 %). So Satisfactory results of isolated long head of triceps transfer for reconstruction of elbow flexion in
upper brachial plexus palsy was in 15 cases (83.4 %). Fair results was in 2 cases who were in the left side injury
which were not the dominant side of the cases and the patients were satisfied and also failure results in 1 case
who revised surgery and operated with lateral head of triceps to biceps and tensioning and the patient was
satisfied. 3 cases had complications (initial hematoma in 2 cases and insufficient tensioning in 1 case).

Conclusion: Restoring elbow flexion with preserved elbow extension as total transfer of triceps to biceps tendon
sacrifices active extension. Independent elbow flexion and extension by isolated long head of triceps transfer to
biceps tendon in old brachial plexus palsy is effective, simple and less technically demanding procedure.

INTRODUCTION:

Inability to flex the elbow is a major disability. Patients with permanent loss of C5 and C6 have normal wrist
and hand function with reduced sensibility to the thumb and index finger. However, they are unable to position
their hand in space and forward activity as they cannot flex the elbow. Restoration of elbow flexion in such
cases leads to a dramatic improvement in upper limb function. (1) Steindler (1918): proximal advancement
of the common flexor origin at the elbow. (2) Bunnell (1951): modification by interpositional graft of fascia
lata between the flexors and the bone humerus. (3) Mayer and Green (1954): transposed part of the medial
epicondyle to provide fixation, securing it more laterally on the bone humerus. Clark (1946): Transfer of the
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inferolateral portion of pectoralis major and Brooks and Seddon (1959): incorporation of the long head of
biceps to lengthen the tendone. (4) Carroll and Kleinman (1979): transfer the entire pectoralis major across
the acromion and anterior capsule so stabilize the shoulder and reinforce the transfer. (5) Tsai et al. (1983):
simultaneous transfer of pectoralis major and minor. Schottstaedt, Larsen and Bost (1955): Complete latissimus
dorsi transfer and musculocutaneous flap can be used if indicated. (6)

Triceps transfer was described by Bunnell (1951), Carroll (1952) and Carroll and Hill (1970): in upper trunk
brachial plexus injury when failure of 1ry nerve surgery or after 18 months of injury as pedicled muscle transfer
is required in absence of good latissimus dorsi to transfer or used in transfer around shoulder, So management
is directed to restore elbow flexion to enable hand-to-mouth activities.(7)

This procedure was described for patients with polio or arthrogryposis having loss of elbow flexion. In comparison to
other types of muscle transfer, the tri-to-biceps transfer is preferred and is less technically demanding, independent
elbow flexion and extension especially with long head transfer while the disadvantages which may occur mainly are:
Affection of elbow extension in cases of total transfer of triceps which preserved as the medial head of triceps which
is the main elbow extensor so flexion contracture to elbow does not occur. (8-9)

Patients and Methods:

Eighteen patients with failure of 1ry nerve surgery or after 18 months of injury of upper brachial plexus were
managed by pedicled muscle transfer is required in absence of good latissimus dorsi to transfer or used in
transfer around shoulder underwent for restoration of elbow flexion. The age range of the patients was 3-52
years with a mean of 25 years, all patients had clinical examination prior to surgery for assessment of the
following, shoulder abduction and adduction; elbow flexion and extension; wrist dorsiflexion and flexion;
finger flexion and extension. Grading was done as per the Medical Research Council (MRC) scale, and any range
of movement at the elbow if present was recorded. All patients had a pre-operative electromyoneurography
(EMQG) study of biceps and triceps. The pre-operative triceps grade was more than or equal to MRC 4. The pre-
operative biceps grade was M0 to M2. Assessment of the post-operative restoring of elbow flexion was graded
as follows: Pathula (2017). Very good - Active range of motion (ROM) <120°/MRC4 - 5. Good - Active ROM of
80°-120°/MRCA4. Fair - Active ROM of <80°/MRC3. Failure - Active ROM of <80° and/MRC less than Grade 3.

Surgical Technique: (FIG. 1)

Figure 1: A & B) Anatomy and surgical incision (15), C, D, and E) intraoperative photos during surgery
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Considering an isolated long head transfer, an EMG was done to confirm distinct innervation of the long head
from the lateral and medial heads of triceps. The patient is placed supine. With the selective transfer of the long
head of the triceps, long straight posterior incision is used to identify the vascular pedicle to the long head of
the triceps. Dissection of the pedicle leads to the radial nerve branch to the long head of triceps, which is the
proximal branch of the radial nerve and is found approximately 10 cm from the acromion. It is not necessary
to dissect out the neurovascular pedicle. Shoulder abduction and elbow flexion make the long head of triceps
on maximal stretch, which is then bluntly separated from the medial head. The long head tendon insertion,
which is the middle one-third to one-half of the entire triceps insertion, is then released from the olecranon
along with an extension of periosteal flap, which is needed for achieving appropriate length. Anterior lazy S
incision from lateral to medial to biceps tendon across elbow crease and the long head of triceps is transferred
anteriorly through wide opening by release of lateral septum of the arm and suture end to side of biceps tendon
and maximum tensioning done by putting shoulder in 90° abduction and elbow flexion 90° - 100°. Haninec
and Szeder described transfer of a pedicled long head of triceps for restoring of elbow flexion, and Naidu and
colleagues subsequently reported a case report of a patient treated with this procedure. The major advantage of
this technique compared with a complete triceps to biceps transfer is that independent active elbow extension
can be obtained as the medial head of triceps which is the main elbow extensor. Preoperative electromyography
(EMG) of the long head of the triceps demonstrated independent activity separate from the lateral and medial
heads. Post-operative (EMG) showed dissociation of elbow flexion from extension. Post-operative follow-up
EMG showing disassociation of electrical potentials between transferred head of triceps and the spared two
heads triceps. Native triceps is electrically silent when the transferred head of triceps is firing during elbow
flexion. Post-operative follow-up with EMG showing the disassociation between the transferred head of triceps
and the spared two heads triceps.

RESULTS:

The mean delay from injury to transfer was 24 months (range 18 to 72 months) and mean follow-up was 36
months (range 24 to 42 months). Most have a good range of active elbow flexion with a mean of 130° (range
90 to 140°); 17 cases were able to bring the hand to the mouth. Power was satisfactory, with ability to lift an
average of 3 kg with the hand when the elbow was at 90° of flexion (range I to 5 kg). All reported considerable
functional improvement; most, adequate function is confirmed by the work record. Elbow Flexion MRC (Grades)
:in 5 cases elbow flexion grade 5 ( 27.7% ), in 10 cases grade 4 ( 0.55% ) and in 3 cases were grade 3 ( 0.16%
) 2 of them were in the left side. In right sided case with grade 3 we do tensioning of the tendone transfer and
augmented by lateral head transfer to the biceps and sparing medial head of triceps. Power Elbow Flexion at 90
degree (1 -5 Kg) : 3 cases can held less than 2 Kg (16.6%), 8 cases can lift 3 Kg (44.4%), 5 cases can held from
3-5Kg (27.7%) , 2 cases can lift more than 5 Kg (11.1%). Active range of motion ( ROM ) of elbow flexion post
op : Very good (ROM ) < 120°in 10 cases ( 55.5% ),

Range of motion: (figures: case 2, case 4)

.

Case 2: range of motion A) Preoperative B & C) Postoperative
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CASE NO 4
RANGE OF

Good (ROM) from 80° - 120°in 5 cases ( 27.7% ), Fair (ROM ) 80° in 3 cases ( 0.16%).

Hand to mouth activity: 3 cases cannot reach hand to mouth (16.6 %), 15 cases can do Hand to mouth activity
(83.33 %). Active elbow extension: MRC in 12 cases grade 4 ( 66% ) and 5 cases grade 3 ( 34%). Evaluation
Of Elbow function according to Pothula ( 2017 ) after Independent elbow flexion and extension by isolated
long head of triceps transfer for reconstruction of elbow flexion in failed primary nerve repair or patients
seek treatment after 18 month from injury of upper brachial plexus palsy : very good results in 10 cases (55.6
%) , good results in 5 cases ( 27.8 ), fair results in 2 cases ( 11.1 % ) and failure results in 1 case ( 5.6 %).
So Satisfactory results of isolated long head of triceps transfer for reconstruction of elbow flexion in upper
brachial plexus palsy were satisfied in 15 cases ( 83.4 % ) and fair results was in 2 cases who were in the left
side injury which were not the dominant side of the cases and the patients were satisfied and failure results in
1 case who underwent revision surgery operated with lateral head of triceps to biceps and tensioning and the
patient were satisfied at final follow up.

DISCUSSION

In our study, clinical information was most relevant to assessment of a satisfactory results include the overall
range of motion, the extensor loss, the ability to bring the hand to the mouth, and the sustained power of the
transfer expressed as the load (hand held) which can be supported with the elbow at 90° of flexion. When
we recommend to reconstruct elbow flexion , we should be based on the following considerations , shoulder
stability, mechanical advantage of the transferred muscle, work capability of the muscle groups available ,
musculotendinous excursion , prospect of significant functional gain , range of elbow joint motion , the work
capability and mechanical advantage of the muscle transferred , the ideal transfer will follow the route of the
biceps muscle, and have a similar excursion , loss of function as a result of transfer and cosmetic. In our study
we found that long head of triceps transfer for reconstruction of elbow flexion in upper brachial plexus palsy
which originated from infraglenoid tubercle and both head short and long of biceps from supraglenoid and
coracoid process of scapula were the best for the transfer that follow these consideration. The work capacity of
the different muscles has been studied by Von Lanz and Wachsmuth (1959), who found a significant potential
benefit with pectoralis major and triceps transfers. Holtman et al. (1975) have demonstrated the mechanical
superiority of pectoralis major and triceps transfers over the Steindler transfers.(10) The disadvantage of a
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pectoralis major transfer is the destabilizing result on a flail shoulder, unless pectoralis major is transferred
(Carroll and Kleinman 1979), and the appearance is unsatisfactory. Patients with a C5/6 palsy have partial
denervation of pectoralis major (that part innervated by the lateral pectoral nerve). However, if pectoralis
major power is normal, an effective transfer may be present.(11) Latissimus dorsi transfer provides good
power but, like the pectoralis transfer, is technically difficult, have a destabilizing effect on the shoulder and
is less cosmetically acceptable. Latissimus dorsi has a normal excursion of approximately 11 cm compared
with a biceps tendon range of 5 to 6 cm. The advantage of the triceps transfer is that power is adequate, more
than 3 kg at 90, in both our series and others and is technically straightforward and cosmetically acceptable.
The major disadvantage is loss of active extension; this is managed by isolated long head of triceps transfer
for reconstruction of elbow flexion in upper brachial plexus palsy and sparing medial head of triceps. Triceps
function is critical for upper limb weight bearing such as rising from a chair, and using a crutch or wheel chair;
for upper limb activities which demand the ability to press down firmly such as cutting a slice of bread; and
for the use of the hand above shoulder height overhead activities. Careful pre-operative counselling on the
advantages and disadvantages of the transfer are essential; patients should appreciate that elbow flexion will be
regained although there will be reduced activity to press firmly down on hand-held objects. Hoang (1989): had
7 patients who had triceps transfer after an old brachial plexus injury. All patients regained a useful functional
improvement with a good range of powerful elbow flexion; 5 patients could manage to bring their hand to their
mouth.

Follow-up was 24 months (range 7 to 39 months).(7) All have a good range of active elbow flexion with a mean
of 123° (range 90° to 140°). 5 of 7 cases could bring the hand to the mouth. Some loss of passive extension was
found in most cases; the mean loss was 13° (range 0 to 23°). Power was satisfactory, with ability to hold an
average of 3.3 kg with the hand when the elbow was at 90° of flexion (range 1 to 5 kg). The only female patient
in the series and has the shortest follow-up, unable to support 2 kg or more. (7) Fabiano (2010): 10 patients
were male; the age range was from 24 to 49 years, and a mean of 33.7 years. The minimum time between injury
and surgery was 21 months (range 21-74 months). The left side was affected in 8 cases, and the right in 3. Good
results were obtained in 10 patients, who had elbow flexion strength of grade 3 (2cases) and grade 4 (8 cases),
but 1 case unfavorably with grade 2 strength. 2 cases had complications (initial compartment syndrome and
insufficient tensioning).(11) Loeffler ( 2016): triceps to biceps: total or isolated long head transfer fair power,
less technically demanding procedure and independent elbow flexion and extension with long head transfer.
Total triceps transfer sacrifices active elbow extension and severe elbow flexion contractures may develop in
long term. Total triceps transfer: 5/7 M4 hand to mouth, active flexion arc 123°, and mean 3.3 kg flexion strength.
Long head triceps transfer: 2/2 M4 elbow flexion with preserved M3 elbow extension.(13) Pathula ( 2017 ) :
Upper brachial plexus injury in adults causes loss of elbow flexion; when the primary nerve surgery has failed
or the patient comes for treatment after 12 months of injury and pedicled muscle transfers are required. One
of the heads of triceps muscle to restore the elbow flexion in such cases. In addition to regain of elbow flexion,
extension of elbow following surgery is retained. 10 patients suffering from upper brachial plexus injuries
underwent transfer of one head of triceps to biceps tendon between December 2011 and August 2015. The
recovery of elbow flexion was Grade 5 in 1, Grade 4 in 4 and Grade 3 in 2; only three of the ten cases had no
functionally useful elbow flexion. 7 of 10 cases had an adequate elbow extension following the procedure.(14)

In conclusion : our study is simpler and cosmetically more satisfactory. Tendon excursion and muscle power
are adequate and the range of flexion is generally satisfactory definite indications for triceps transfer to restore
elbow flexion in cases of old upper root plexus palsy. Although pectoralis major and latissimus dorsi transfers
may be more powerful than triceps.

Contraindications: Poor passive elbow flexion and presence of lower extremity conditions that require use of
upper extremity assistive devices, such as crutches is a relative contraindication.
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