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ABSTRACT

Introduction. In patients with delayed presentation between 6 to 12 months, surgical treatment guidelines are not
well defined in brachial plexus injury. Still, several authors have agreed that functional outcomes in patients treated
within six months from the date of injury have the best results. Nerve transfers are still considered one of the
treatment options in the said subset of patients even after six months. In contrast, a primary Steindler flexorplasty,
or proximal advancement of the flexor-pronator group, is an ideal technique for elbow flexion with an elapsed time
from injury >6 to 9 months.

Objective. The purpose of this investigation was to compare the clinical outcome s of nerve transfers versus modified
Steindler flexorplasty for the restoration of elbow flexion in upper type brachial plexus injuries (BPI).

Methods. A retrospective review of 28 patients who underwent nerve transfers (NT) and 12 patients who underwent
modified Steindler flexorplasty (MSF) was done to determine the outcome of treatments. The manual muscle
testing using the Medical Research Council scaling system, Visual Analog Scale for pain, active range of motion, and
Disabilities of the Arm, Shoulder and Hand form scores were taken as dependent variables.

Results. The NT group had a median age of 27.5 years, with 26 men, a median surgical delay of 5.6 months, and a
median follow-up of 33 months. Twenty out of 28 patients (71%) had =M3 with a median range of 117.6° elbow
flexion motion. Median postoperative DASH (n=16) and VAS scores were 29.2 and 3, respectively. For the MSF
patients, the median age was 27 years, including ten men, the median surgical delay was 12 months, and the median
follow-up was 18.4 months. All the 12 patients had >2M3, with a median range of motion of 106°. The median
postoperative DASH score (n=5) and VAS score were 28.3 and 0, respectively. In the NT group, 73.3% (11/15)
achieved M3 elbow flexion if the operation was done in <6 months.

Conclusion. Nerve transfers and the modified Steindler procedure are still excellent options for successful elbow
flexion reanimation in patients with brachial plexus injuries. Our results also showed that those with surgical delays
of less than six months had the highest rate of achieving 2M3 elbow flexion strength in the nerve transfer group.
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surgery for adequate restoration of function." Treatment
options to restore elbow flexion are based on several factors,
including the timing of surgery, available muscle for transfer,
the extent of injury, and surgeon and patient.™ Injuries to
the musculocutaneous nerve, the lateral cord, or upper trunk
of the brachial plexus are often addressed with primary
nerve reconstruction if done early enough,; ideally, less than
six months post-injury. Management includes direct nerve
repair, nerve grafting, or nerve transfers.™3

In traction injuries, large nerve gaps, proximal injuries,
and avulsion-type injuries, the direct repair is often not
possible. In these cases, nerve transfer procedures are often
used for nerve reconstruction. In 2011 and 2012, Garg et al.
and Yang et al. published two systematic reviews for nerve
repair, nerve grafting, and nerve transfers.”® Garg et al.
concluded that elbow flexion using nerve transfers are better
than nerve grafting, achieving 83% of their patient population
gaining muscle strength of at least M4 for nerve transfers
versus 56% for nerve grafting. Similarly, in the systematic
review of Yang et al., 71% of 352 patients had at least M4 for
nerve transfers and 46% of 91 cases for nerve repair.® Several
intra- and extra-plexal nerves can be used as donors for nerve
transfers. These include the spinal accessory nerve, inter-
costal nerve, phrenic nerve, ulnar nerve fascicle/s, median
nerve fascicle/s, contralateral C7, thoracodorsal nerve,
pectoral nerve, phrenic nerve, and hypoglossal nerve.>?

In cases wherein patients are seen later than 12 months
after the injury, secondary reconstruction such as tendon or
muscle transfers, free functioning muscle transfers, and bony
or soft tissue procedures may be indicated and can be done
anytime.! Thereafter, primary nerve reconstruction such
as nerve repair, nerve grafting, and nerve transfers become
increasingly less reliable and will predictably fail when delayed
for more than 12 months.** One of the most commonly used
is the proximal advancement of the flexor-pronator origin
(Steindler’s flexorplasty).#15

Data on the ideal timing of nerve transfers have not
yet been established, but several authors have agreed that
functional outcomes in patients treated within six months
from the date of injury have the best results.'” In our
institution, nerve transfers are still considered one of the
treatment options in the said subset of patients even after
six months. In contrast, a primary Steindler flexorplasty, or
proximal advancement of the flexor-pronator group, is an
ideal technique for elbow flexion with an elapsed time from
injury >6 to 9 months.’*! The purpose of this investigation
is to compare the functional outcomes of nerve transfers to
modified Steindler flexorplasty for elbow flexion in upper
type and extended upper type brachial plexus injuries.

METHODOLOGY

A retrospective review of all patients from January 2004
to December 2015 who underwent nerve transfers and
modified Steindler procedure for elbow flexion in patients

with upper type brachial plexus injuries was done. The
inclusion criteria were all adult patients who underwent nerve
transfers or modified Steindler flexorplasty procedure to
restore elbow flexion after traumatic brachial plexus injuries
with a follow-up of at least 12 months. The exclusion criteria
were patients with obstetric brachial plexus injury, patients
with complete brachial plexus injuries, patients with bilateral
brachial plexus injuries, or those with a combination of
nerve and muscle transfers for elbow flexion.

The records were reviewed to identify patients with
a minimum follow-up of one year who underwent nerve
transfers and/or modified Steindler flexorplasty for C5-
C6, C5-C7, or C5-C8 brachial plexus injury. The surgical
technique initially described by Oberlin et al. in 1994 and
the double nerve transfer described by Goubier et al. has
been well described.*® Patients were classified according to
the type of procedure performed: nerve transfers (Figures 1
and 2) and modified Steindler flexorplasty (MSF) procedure
(Figure 3).

For the nerve transfer group, donor and recipient nerves
were identified, and comparative data were analyzed within
the group. Indications for nerve transfers include available
nerve donors, injury of less than 12 months, and avulsion
injuries of the cervical roots. The indications for the MSF
were chronic injuries, weak or no available nerve donors,
and the choice of the patient for earlier return of elbow
flexion, as per division protocol.
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Figure 1. The Oberlin 2 procedure. Partial ulnar nerve and
partial median nerve transfer to the biceps and
brachialis branch of the musculocutaneous nerve.
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FLEXORPLASTY

Figure 3. Modified Steindler flexorplasty. Flexor-pronator muscle origin transfer to the distal humerus.

Clinical Outcomes

The evaluation of the muscle strength was assessed
according to the modified research council grading
(preoperatively and postoperatively) in all patients.!®

Active range of motion for elbow flexion was assessed
using a standard goniometer (12-inch). The evaluation was
measured in degrees (extension and flexion). The FIL-

DASH questionnaire was used to assess function. The higher
the FIL-DASH score, the greater the disability. Pain was
assessed using the visual analogue scale (0-no pain, 10-worst
pain imaginable). Complications and secondary or salvage
procedures were noted and recorded.

All data were encoded in Microsoft
Windows™.

Excel for

ACTA MEDICA PHILIPPINA 3



Steindler versus nerve transfers for elbow flexion

Table 1. Demographic summary of the Nerve transfer and the
Modified Steindler flexorplasty group

Nerve Modified
Transfer Steindler
(n=28) (n=12)
Gender
Male 26 10
Female 2 2
Age in years (median, IQR¥) 27.5(22,47) 27 (24, 40)
Surgical delay in months (median, IQR) 5.6(5,9) 12 (11, 41)
Follow-up in months (median, IQR) 33(16,55) 18.4(13,44)
Roots involved
C5C6 (%) 11(39.3) 5(41.7)
C567/C8 (%) 17 (60.7) 7 (58.3)
Nerve Transfers Type
Oberlin 1* 7 (25) NA
Oberlin [I"” 16 (57)
ICN-MCN& 4
PMN-Biceps Branch* 1

#IQR - Interquartile distance; “Oberlin | - partial ulnar nerve fascicle
to biceps nerve branch; ~*Oberlin Il - Oberlin | + partial median nerve
fascicle to brachialis nerve branch; §ICN-MCN - Intercostal nerves to
musculocutaneous nerve; *MN-Biceps Branch - partial median nerve
fascicle to brachialis nerve branch.

RESULTS

Fifty-three patients were reviewed, but only 28 of the
nerve transfer patients and 12 of the modified Steindler
patients fulfilled the inclusion criteria for the study. The nerve
transfer procedures were done either using the dual transfers:
Oberlin I procedure (partial ulnar nerve [PUN] to the
motor branch of the musculocutaneous nerve to the biceps)
or Oberlin IT / Dual nerve transfers (Oberlin I + partial
median nerve [PMN] to the motor branch of the brachialis)
The other nerve transfers were intercostal nerve transfers
to the musculocutaneous nerve and isolated PMN transfer
to the brachialis branch. The Steindler technique modified
by Brunelli was used for the Steindler flexorplasty.™*

Demographic Data: Nerve Transfer (NT) vs.
Modified Steindler Flexorplasty (MSF) Group

The median age of the NT group was at 27.5 years,
with 26 males and two females. Nerve transfer surgery was
performed at a median time of 5.6 months post-injury. There
were 12 patients included in the MSF group. The median
age was 27 years, with ten males and two females. Fifteen
out of 28 patients had surgery within six months post-injury,
11 patients between 6 to 12 months, and two patients more
than 12 months. A demographic summary of the patients
in the two groups is shown in Table 1.

Clinical Outcomes
Twenty out of 28 NT patients, or 71%, had at least
an MRC grade of M3 with a mean active range of motion

Table 2. Summary of clinical outcomes for Nerve transfer and
the Modified Steindler flexorplasty group

Nerve Transfer Modified
(n=28) Steindler (n=12)
Muscle Strength > M3 (%) 20 (71.4%) 12 (100%)
(median, IQR?) 3.8(2,4) 4(3.9,4)
Range of motion in degrees 120° 105°
(median, IQR) (110, 130) (90, 132.5)
FIL-DASH Score n=16 n=5
(median, IQR) 29.2(23.9,45) 28.3(26.7,32.9)
VAS Score for Pain 3(0,5) 0(0,0.5)
(median, IQR)
Nerve Transfers Type (2M3)
Oberlin I* (n=7) 5/7 (71.4%) NA
Oberlin [I"* (n=16) 12/16 (75%)
ICN-MCN¢& (n=4) 3/4 (75%)
PMN-Biceps Branch* (n=1) 0

#IQR - Interquartile distance; “Oberlin | - partial ulnar nerve fascicle
to biceps nerve branch; ~*Oberlin Il - Oberlin | + partial median nerve
fascicle to brachialis nerve branch; ¥ICN-MCN - Intercostal nerves to
musculocutaneous nerve; *MN-Biceps Branch - partial median nerve
fascicle to brachialis nerve branch.

of 117.6° (median, 120°) elbow flexion. Fifteen out of
28 (53.5%) had MRC of M4, while 5/28 had MRC M3.
Among the four nerve transfer procedures, the Oberlin II
and the ICN to the MCN had the highest success rate, both
at 75%. Still, the Oberlin IT had a higher active elbow flexion
of 128.9° versus 113.8 for the ICN to MCCN. The Oberlin
I was the second-highest success rate at 71%, with active
range of motion of 96.7°. The only case of PMN to MCN
scored an MRC grade of M2 with an active range of motion
without gravity at 100°. Median postoperative FIL-DASH
scores and VAS scores were 32.9 (SD 16.4) and 3.0 (SD 3.0),
respectively. The higher the FIL-DASH score, the greater
the disability. A summary of the clinical results comparing
NT and MSF is summarized in Table 2.

We also analyzed surgical delay and clinical muscle
recovery for nerve transfers. Those operated less than six
months had the highest recovery in terms of achieving >M3
elbow flexion strength (73.3%; 11 out of 15), followed by
those with a delay of 6-12 months (63.6%, 7/11) and those
> 12 months (50%, 1 out of 2). In the two cases where N'T
was done more than 12 months post-injury, one patient had
M4 while the other had M2 on final follow-up.

Three NT patients with an MRC grade of MO were
advised for secondary reconstruction; however, one was lost
to follow-up. One patient underwent Modified Steindler
Flexorplasty, and the other one, a latissimus dorsi-pectoralis
major muscle transfer. The patient who underwent the
MSF had MRC grade M3, with 30 to 100° active ROM at
48 months after her second surgery.
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One complication was noted in the MSF group. There
was a screw cut out from the humeral cortex due to poor
screw purchase two months after the surgery. Reattachment
of the flexor-pronator mass to the humerus was revised using
the pull-out technique. At 16 months follow-up, MRC
was recorded to be at M4 with an active ROM of 0-75°.

DISCUSSION

Nerve transfers and Steindler flexorplasties have been
two of the most common methods of restoring elbow flexion
in patients with upper type brachial plexus injuries.!

Oberlin initially described the transfer of the ulnar nerve
fascicle to the biceps motor branch.® Since then, several
authors have reported good outcomes in the restoration of
elbow flexion. Recent systematic reviews on nerve transfers
showed that the Oberlin procedure had better outcomes than
nerve grafting and other neurotization techniques.*#101317

Steindler procedures, on the other hand, also had good
outcomes, especially in cases where failed nerve surgery or
in chronic cases where nerve surgery cannot be done.*#1*

Brunelli and Brunelli using the modified Steindler
procedure published results of a 20-year retrospective study.™
The modification from the classic Steindler flexorplasty
involved transferring of the flexor carpi ulnaris, flexor carpi
radialis, and pronator teres together with a portion of the
medial epicondyle to the anterior aspect of the humerus. The
flexor digitorum superficialis was not included in the transfer.
The concept of this modification improved hand function
because it avoids both finger flexion and pronation during
elbow flexion, known as the “Steindler effect.” Thirty-two
cases were included in their review. Twenty-six patients had
at least elbow flexion of 100° and were able to lift at least
2kg weight. They concluded that this type of modification
avoided the Steindler effect in 88% of cases.*

In 2011, Rezende et al. analyzed 11 patients with
traumatic lesions of the upper trunk of the brachial plexus
treated with Steindler procedure with at least six months
follow-up.”® All subjects had elbow flexion strength
between M2 and M3 preoperatively. Functionally, DASH
scores improved postoperatively but were not statistically
significant. They concluded that the modified Steindler
procedure provided an effective gain of elbow strength and
flexion in patients with high lesions of the brachial plexus,
especially those presenting with an initial degree of elbow
flexion strength of at least M2."

This study showed a higher percentage achieving
>M3 elbow flexion (12/12) after MSF compared to that of
Chuang et al. (9/12).> A similar result was also reported by
Rezende et al., with 9 out of 11 (82%) having a muscle grade
of M3, with an average elbow flexion of 94°.°

In this study, the clinical outcomes were comparable in
terms of percent achieving M3 elbow flexion strength, FIL-
DASH score, elbow range of motion, and pain. The higher
percentage of achieving >M3 for the MSF (100%) versus

Steindler versus nerve transfers for elbow flexion

74% for the N'T might be explained by the shorter recovery
of the tendon transfer. Normal or near-normal flexor-
pronator muscles were transferred. Nerve recovery usually
takes a longer time to achieve 2M3 elbow flexion. However,
the FIL-DASH scores were similar on postoperative
follow-up. The range of motion and pain were similar for
both procedures.

One of the advantages of using the Steindler procedure
is that rehabilitation is short since the transferred muscle is
working. It can be used even in chronic cases. It can be a
salvage procedure in failed nerve reconstructions. However,
limitations include the Steindler effect,'* where the forearm
will go in pronation when activated. This is due to the pull
of the flexor-pronator mass during activation, which causes
pronation of the forearm, especially if placed ulnarly from
the midline of the humerus. One way to counter-act this
is to place the medial epicondyle more centrally or radially.
'This will not allow supination but can minimize pronation
during activation." Another complication of MSF is the
flexion contracture of around 10-30°. Because the origin is
transplanted proximally of at least 5 c¢m, flexion contracture
is usually expected. The MSF is ideal for patients with
chronic injuries and failed nerve surgeries with good muscle
strength of the flexor-pronator muscles of at least M4/5.This
procedure is also advised for patients who cannot wait for the
one-year waiting recovery for nerve reconstruction, especially
when the delay to surgery is bordering to 12 months.

Nerve transfers offer the advantage of physiologic
restoration of elbow flexion, supination, shorter time to
recovery than nerve grafts, and bypasses scarred tissues
at the neck area. Nerve transfers allow a more physiologic
restoration of elbow flexion compared to MSF. In nerve
transfers, the biceps and/or brachialis muscle motion is
restored, which are the physiologic flexors of the elbow. At
the same time, the restoration of supination is achieved. The
recovery of elbow flexion is much shorter in MSF compared
to nerve transfer. This might explain the shorter follow-up
in MSE, where 2M3 is achieved earlier compared to N'T.
Given the advantages and disadvantages of both procedures,
careful patient selection is needed to maximize the outcomes.
In this case series, the restoration of elbow flexion achieving
> M3 for both procedures was higher in the MSF (12/12)
than NT (20/28).

Limitations of this study include a small sample size
and the non-randomized allocation of treatment. This may
contribute to the heterogeneity of the two groups. Longer-
term follow-up for the MSF is also needed to determine
possible long-term complications. Lastly, the FIL-DASH
score was not taken for all patients and may not represent

the actual FIL-DASH scores of each group.

CONCLUSION

In summary, nerve transfers and modified Steindler
flexorplasty provided restoration of elbow flexion in patients
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with upper type or extended upper type brachial plexus
injuries. Most of the patients achieved M3 elbow flexion
strength. Those operated before six months had a higher
rate of achieving >M3 muscle strength than those operated
after six months in nerve transfers. In contrast, the modified
Steindler procedure was not correlated to the surgical delay.
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