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Background: Data regarding outcomes after peripheral nerve injuries is limited, and the optimal
management strategy for an acute injury is unclear. The aim of this study was to examine specific patient
and surgical factors that impact motor and sensory outcomes after peripheral nerve injury.

Methods: This was a single center, retrospective study at a metropolitan level 1 trauma center. Patients
with traumatic peripheral nerve injury from 01/2010 — 06/2015 were included. Patients who died, required
amputation, suffered brachial plexus injury, or had missing motor-sensory exams were excluded. Motor
and sensory exams were graded 0-5 by the Modified British Medical Research Council system. Operative
repair of peripheral nerves was analyzed for patient characteristics, anatomic nerve injury, level of injury,
associated injuries, days until repair, and repair method.

Results: 311 patients met inclusion criteria. 258 (83%) patients underwent operative management, and
53 (17%) underwent non-operative management. Those who required operative intervention had
significantly more penetrating injuries 85.7% vs 64.2% (p<0.001), worse initial motor scores 1.19 vs 2.23
(p=0.004), and worse initial sensory exam scores 1.75 vs 2.28 (p=0.029). Predictors of improved
operative motor outcomes on univariate analysis were Injury Severity Score (I1SS) <15 (p=0.013), male
sex (p=0.006), while upper arm level of injury was a predictor (p=0.041) of poor outcome. Nerve
reconstruction type between primary, allograft, autograft, or nerve tube did not influence motor outcomes
(p=0.15). Multivariate analysis did not confirm level of nerve injury to be predictive of

outcome. Univariate analysis identified distal forearm level of injury (p=0.026) and autograft repair
(p=0.048) as predictors of poor sensory outcome. These variables were not found to be significant on
multivariate analysis. Days to nerve repair (> 24 hours versus >24 hours, p=0.834) did not influence
motor-sensory outcome.

Conclusion: Outcomes were primarily influenced by patient characteristics, and injury level to a lesser
degree, rather than operative repair characteristics.

Lewvel of Injury
Uppar Arm Proximal FA Distal FA Palmar Digital
Dutcome Level n=21 n=11 n=47T n=11 n=T8
Paaor (0-1) 12 (57.1%)° 5 (45.5%) 14 (29.8%) 3 (2T7.3%) 22 (28.2%)
Fair (2-3) 2 (8.5%) 2 (18.2%) 6 (12.8%) 1(89.1%) 10 (12.8%)
Good {4-5) 7 (33.3%) 4 (36.3%) 27 (57 .4%) 7 (63.6%) 46 (80.0%)

“p-value=0.041
Table 1. Outcomes: Motor Recovery and Level Injury
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Motor, n=170 Sensory n=220

Variables p-vaive OR (85% C1) PV
Patient Characteristics
1S8<15 0.013  10.14 (1.24-82.98) 0.519 1.86 (0.47-7.37)
Age<65 0.735  0.68(0.18-2.63) 1.000 1.30 (0.30-5.59)
Sex, male 0.006  4.03(1.39-11.67) 0.819 0.92 {0.44-1.93)
Mechanism, penetrating 0308  0.82(0.25-1.57) 0.196 1.67 (0.77-3.63)
Injured Peripheral Nerve
Digital 0.190  1.50(0.82-2.76) 0.209 1.41(0.83-2.41)
Ulnar 0849  0.92(0.41-2.10) 0.793 0.91 (0.47-1.79)
Multiple Upper Extremity 0.096  1.86(0.89-3.87) 0.830 0.93 (0.48-1.80)
Median 0448  1.41(0.71-2.08) 0.636 0.84 (0.40-1.75)
Radial 0.089  0.47 (0.19-1.14) 0.783 1.12 (0.49-2.55)
Level of Injury
Upper Arm 0.041  0.38(0.14-0.98) 0.430 1.46 (0.57-3.65)
Proximal Forearm 0.220 0.46 (0.13-1,63) 0.752 1.29 (0.36-4.58)
Distal Forearm 0595  1.20(0.61-2.37) 0.026 0.51 (0.28-0.93)
Palmar 0514  1.52(0.43-5.40) 0.595 1.30 (0.50-3.41)
Digital 0244  1.44 (0.78-2.65) 0.251 1.37 (0.80-2.34)
Associated Injuries
Tendon/Muscle 0108  1.81(0.87-3.76) 0.509 0.82 {0.45-1.50)
Vascular 0818  0.93(0.50-1.73) 0.590 0.86 (0.49-1.50)
Bone 0484  0.78(0.39-1.57) 0.981 0.99 (0.52-1.91)
Multiple Associated Injuries 0364  1.33(0.72-2.45) 0.841 1.06 (0.62-1.82)
Operative Characteristics
Days from injury to repair <1 0834  1.07 (0.56-2.06) 0.294 1.38 (0.76-2.50)
Short Tourniquet Time 0660  1.19 (0.55-2.59) 0.100 0.56 {0.29-1.12)
Repair Method
Primary Repair 0.487 1.29 (0.65-2.55) 0.091 1.76 (0.91-3.38)
Autograft 0.146  0.54 (0.24-1,.25) 0.048 0.41(0.17-1.01)
Nicgraft 0452  2.24 (0.42-11.87) 1.000 1.30 {0.26-6.59)
Nerve Tube 0944  1.05(0.31-2.56) 0.672 0.81 {0.30-2.17)
Table 2. Predictors of Improved Motor-Sensory Outcomes: Univariate Analysis
Mator, n=170 Sensory, n=220
Variables pealue OR [85% CI) pvalue OR (85% CIj
Patient Characlenistics
155<15 0.218 467 (0.403-54.07) - -

Sox, male 0017 3.88(1.28-11.80)
Mechanism, penetrating - ol

Injured Peripheral Nerve
0,946 1.03 (0,49-2.16) . -

Digital .
Mulliple Upper Extrermity 0.116  2.00 (0.84-4.76) = =
Radial 0.274  0.57 (0.21-1.56) - -

0.061 3.13 (0.95-10.36)

Level of Injury
Upper Arm 0,491 0,65 (0,19-2.21) . -
Distal Forearm - - 0064  0.49(0.23-1.04)
Associated Injuries
TendonMuscle 0.847 1.09 (0.45-2.67) . -

Operative Characteristics
Rapair Method

Primary Rapair - - 0873 1.02(0.36-2.082)

Autogratt 0.330 081 {D.22-1.88) 0863  0.74{0.19-2.81)

Table 3. Predictors of Improved Motor and Sensory Outcomes: Multivariate Analysis
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In 10% of the patients with neonatal brachial plexus palsy (NBPP) a neuroma-in-continuity (NIC) is
formed that is thought to interfere with axonal outgrowth and prohibits functional recovery. However, the
biological mechanisms underlying this problem are currently poorly understood. To increase our
knowledge of NIC we initiated a characterization of NIC tissue resected during reconstructive surgery. In
a microarray study we revealed that 722 genes are differentially regulated between the NIC and the
proximal nerve. We observed that in the NIC, when compared to the proximal nerve stump, there is a
decrease Schwann cell and myelin related gene expression in favor of more fibroblast and fibrosis related
gene expression.

To examine the possible implication of a reduced Schwann cell/myelin profile we performed a systematic
analysis of large series of NIC tissue (17 NBPP, 3 adult traumatic brachial plexus lesion) by
immunohistochemistry. This revealed that in 74% of the patients, the NIC contains multiple focal myelin
deficits (FMDs). These FMDs contain Schwann cells that enwrap axons but do not form myelin. Axons in
the FMDs have disrupted nodes of Ranvier with decreased expression Caspr and Ankyrin, and reduced
Na(v)1.6 channel clustering. Based on the number, shape and size of the FMDs we calculated that there is
a ~95% change that an axon in a NIC will encounter 10 FMDs. Therefore FMDs may be a part of the
pathobiologic basis for the absence of functional recovery in NBPP. These observations provide a basis
for the development of novel strategies to promote functional recovery after neonatal plexus palsy by
improving myelination in the NIC.
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Introduction

While severe trauma to the upper extremities often results in the transection of major peripheral nerves,
conducting controlled prospective clinical studies in this population remains a challenge. The

RANGER® Registry is an ongoing observational study collecting data on the use and outcomes of
processed nerve allograft (Avance® Nerve Graft, AxoGen, Inc.). The database includes a broad spectrum
of nerve types, injury locations and mechanisms. In the current study, we reviewed the outcomes of using
PNA to reconstruct mixed or motor nerve defect in the upper extremity, head and neck area. Meaningful
recovery of motor function after these repairs is reported.

Methods

The RANGER database was queried for mixed or motor nerve injuries in the upper extremity, head and
neck area that were repaired with PNA and reported sufficient follow-up assessments. Motor function
assessments included range of motion and/or muscle strength tests. Reported quantitative outcome data
were incorporated into the Medical Research Council Classification (MRCC) scale for motor function.
Meaningful recovery was defined as > M3 on the MRCC scale. Outcomes were compared to historical
literature on nerve autograft and conduit.

Results

There were 31 nerve repairs in the cohort that reported sufficient outcome data for quantitative
assessment of motor function after repair. The nerves repaired included: axillary, musculocutaneous,
median, radial and ulnar nerve in the upper extremity, and spinal accessory, buccal, zygomatic, marginal
mandibular nerve in the head/neck region. Mean age of the cohort was 40 + 19(18 —77) years. Mean gap
length was 28 + 13(10-65) mm with a mean follow-up duration longer than a year (376 £197 days).
Meaningful recovery was observed in 81% of repairs. Analysis by mechanism of injury observed
meaningful recovery in 88% of laceration and 73% of complex injuries. Demographics of these repairs
are summarized in Table 1. No adverse events were reported.

Conclusion

Reconstruction of mixed and motor nerve defects using PNA resulted in good motor functional recovery
in gaps between 10 and 65mm in length. Current data from the RANGER registry showed that 81% of
these repairs achieved meaningful recovery of motor function after surgery. Outcomes compare favorably
to historical controls from available literature for nerve autograft and exceed that of nerve conduit. The
RANGER®registry is currently ongoing and future reports will provide additional clinical evidence on
the expanding role of PNA in mixed and motor nerve repairs.



Table 1. Motor function recovery after PNA repair

Factor CII(I:I: ll:l‘:l::wre Laceration Complex Injury
Nerve Repairs, N 31 16 15

Age (vears) 40119 44 119 3717
Pre-operative Interval (days) 7(0, 1067) 8 (0, 491) 6 (0, 1067)
Gap Length (mm) 28+ 13 26111 32+14
Follow-up (days) 376 £197 358 £199 386 £195
Meaningful Recovery (MR), n 25 14 11

MR % 81% 88% 73%

. Age, gap length, follow-up duration are presented as Mean + SD.

. Pre-operative interval is presented as Median (Min, Max).

. Complex injury included: gunshot/blast, amputation, crush/compression, tumor/neuroma excision and
iatrogenic injuries.
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Patients (age 5 -70) requiring resection of the unilateral or bilateral mandible for benign pathology which
would include the continuity loss of the IAN were included. The length of the nerve allograft must be
between 45 to 70 mm. Sensory nerve tests and three different surveys (Direct Path, Numerical rating
scale, Word Choice) were collected before and at 3, 6, and 12 months. Safety data were recorded.

Twenty-three patients were consented to this study. There were 2 patients with bilateral repairs and 3
patients who served as positive control since no nerve repair was performed. Three patients in the repair
group and 1 patient in the positive control group were lost to follow up. Data over a 1 year time was
collected on 17 patients. There were 7 males and 10 females, mean age were 26.4 years, range 10 to

64. The confirmed pathology of the mandible was ameloblastoma (n=11), central ossifying fibroma
(n=4), myxoma (n=1), and sclerosing osteomyelitis (n=1). The mean length of the nerve defect was
59.75mm, range 45 to 70mm. The mean length of the nerve allograft was 62.7mm, range 45 to 70mm.
The diameter was 2-3mm for each. Sixteen of 17 had S4 sensory scores preoperatively and the
postoperative score was S4 at 3 months in 3, in 10 at 6 months, and in 12 patients at 12 months. The
positive control patients reached S2 at 12 months. Numerical rating scales and word choices were not
significantly different from presurgical scores at 6 and 12 months but remained significantly elevated in
direct path scores (unusual feeling in face and left over food in cheek). There were no adverse events or
recurrences of pathology at these postoperative times.

Nerve allografts were found to be safe and effective in restoring both subjective and objective reports of
sensation to the lip and chin in dramatic fashion with 94% reaching useful and functional sensory
recovery and >80% reporting similar sensations to preoperative subjective values.
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Background: When using a combination of autograft and decellularized allograft cables to reconstruct a
large nerve defect, we hypothesize that epineurotomies in the grafts will allow side-to-side Schwann cell
migration from the autograft cables to the decellularized allograft cables. We present a case series
demonstrating outcomes using this technique and a rat study assessing whether epineurotomies allow for
transperineurial migration of Schwann cells for autograft to decellularized allograft cables.

Methods: Case series: Motor and sensory outcomes data were collected retrospectively for seven patients
who underwent reconstruction of large-caliber mixed motor nerves with a combination of autograft and
decellularized allograft cable grafts. Longitudinal epineurotomies were made in the cable grafts before
they were merged side-to-side with fibrin glue and sutured into the defects (Figures 1 and 2). Animal
study: 4 cm sciatic nerve defects were created in Lewis rats and bridged with autograft + allograft with
epineurotomies (group 1); autograft + allograft without epineurotomies (group 2); or allograft alone
(group 3). (N=2 per group). At 2 weeks, mid-graft cross-sections were stained for S100 to assess for the
presence of Schwann cells by immunofluorescence microscopy.

Results: Case series: Defects were reconstructed in ulnar (x2), median (x2), sciatic (x2) and posterior
interosseus nerves. All defects were greater than 3cm in length. All patients with adequate follow up
demonstrated favorable recovery of motor and sensory function. Animal study: In one of two animals in
Group 1, S100-positive Schwann cells were found within allograft fascicles. (Figure 2) In the second
animal of Group 1, Schwann cells were seen crossing the perineurium of the allograft, but none were
found within the allograft fascicles. In Groups 2 and 3, there were no S100-positive cells observed within
the allograft fascicles or crossing the perineurium in any animals.

Conclusions: Our case series demonstrates the feasibility of combining autograft and decellularized
allograft cable grafts with epineurotomies to reconstruct large mixed-motor nerve defects with favorable
outcomes. Epineurotomy allows for trans-perineurial side-to-side Scwhann cell migration from autograft
to decellularized allograft cable grafts. Further studies are needed to delineate the degree and timing of
Schwann cell migration, as well as the impact this has on axonal regeneration, muscle and sensory
reinnervation and functional outcomes.

Figures 1 and 2. The senior author's (JS) technique illustrated and prior to implantation.
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Figure 2: S100-positive Schwann cells within allograft fascicle (Group 1)
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Introduction: The gold standard for peripheral nerve gap repair remains the autologous nerve graft.
However, “off-the-shelf” alternatives are appealing due to additional graft material, shorter operative
times and avoidance of donor site morbidity. Such commercially available products may hold particular
interest in large gap, complex branching nerve defects. This study aims to evaluate the functional and
histological regeneration of a novel branched acellular nerve allograft (ANA) and processed human
xenograft with and without oral FK506 in a 30mm complex branching facial nerve defect in a large
animal model.

Methods: Yucatan miniature swine (n = 10) underwent transection of the inferior division of the facial
nerve at a point 5mm proximal to the branching point of the marginal mandibular and cervical nerve
branches and 25mm distal to the transection to create a 30mm nerve gap. The gap was addressed either by
a species-specific ANA (n=4), a processed human xenograft with FK506 (n=4) or a processed human
xenograft without FK506 (n=2). FK506 was given as a twice daily oral administration and continued for
the entire duration of study. Goal whole blood trough levels were set to 4-8 ng/mL in order to evaluate the
role of low-dose FK506 while minimizing the side effects of chronic FK506 and drug-related toxicity.
Electrophysiologic assessments were performed at study end point (24 weeks) to assess functional
recovery. Distal nerve stumps were harvested for immunohistochemical evaluation using neurofilament
and S100 to observe the distribution and presence of Schwann cells in the respective nerve fibers.

Results: After 24 weeks, processed human xenografts treated with FK506 demonstrated a non-
statistically significant (p=0.16) improvement across functional parameters, as measured by
electrophysiologic studies (mean marginal mandibular nerve amplitude 3.82 +0.69 mV) against species-
specific ANA (mean marginal mandibular nerve amplitude 2.96 +0.32 mV) and processed human
xenografts without FK506 (mean marginal mandibular nerve amplitude 2.94 +0.95 mV). Mean FK506
trough levels were 5.76 + 4.9 ng/mL with no mortalities. Nerves repaired with a xenograft and FK506 had
greater appreciable costaining of neurofilament and S100 distal to the repair site compared to other
groups.

Conclusion: In this study, we demonstrate the use of a novel branched ANA and processed human
xenograft with and without oral FK506 in a complex branching facial nerve defect in a large animal
model. Low-dose FK506 appears to enhance and support a processed human xenograft across a large gap,
branched nerve defect. Ongoing efforts are being directed towards isograft and histomorphometric
outcomes.
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Introduction: Current synthetic conduits fail to provide equivalent motor recovery compared to
autologous nerve repairs of peripheral nerve injuries. Autograft repairs are additionally associated with
donor site morbidity and are limited by tissue availability. A synthetic conduit that enables equivalent
motor recovery would thus provide an ideal graft alternative. A novel polyglycolic acid conduit
(Nerbridge, Toyobo Co., Ltd., Osaka, Japan), uniquely contains collagen fibers within the tube to provide
support and guidance for regenerating peripheral nerves through the transected site. We hypothesized that
this collagen-filled conduit would generate motor recovery equivalent to that of autograft, and superior to
a hollow collagen conduit (NeuraGen nerve guide, Integra, Plainsboro, NJ) as a result of its internal
scaffold.

Methods: 72 Lewis rats were randomized into 3 experimental groups, in which a unilateral 10-mm sciatic
defect was repaired using nerve autograft, collagen-filled conduit, or hollow collagen conduit. Outcomes
were measured at twelve and sixteen weeks postoperatively, and included bilateral tibialis anterior muscle
weight, voltage and force maximal contractility, assessment of ankle contracture, and nerve

histology. Results were expressed as a percentage of recovery from the contralateral side. Kruskal-Wallis
analysis was utilized with an alpha level of p < 0.05 to determine significance, and post-hoc Bonferroni-
correction was used for multiple comparisons.

Results: At twelve weeks, mean muscle force compared to that of the contralateral control side was 50%
+21 for autograft, 9% =6 for the collagen filled conduit, and 32% 21 for the hollow collagen conduit.
After sixteen weeks, the mean muscle force was 72.4% +22.5 for autograft, 58.0% +19.3 for collagen-
filled conduit, and 61.1% +24.8 for collagen hollow conduit. Autograft was statistically superior to both
conduits for all outcomes except histology (Fig 1). The conduits demonstrated equivalence to each other
across outcomes. Although all three groups experienced improved outcomes from twelve to sixteen
weeks, the collagen filled conduit demonstrated the greatest rate of recovery in axonal density over this
period.

Conclusion: Autograft repair provided superior motor recovery than the use of two distinct collagen
conduits for a 10-mm nerve gap in a rat model. Nevertheless, the collagen filled conduit demonstrated
encouraging improvement in muscle force and axon density between 3 and 4 months postoperatively,
highlighting its utility in spanning nerve gaps, particularly when autograft is unavailable.

Fig 1. Transverse sections of rat tibial nerve (100 microns): autograft group (A),
collagen-filled conduit group (B), and hollow collagen conduit group (C) at 12
weeks. Autograft group (D), collagen-filled conduit group (E), and hollow collagen
conduit group (F) at 16 weeks.
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P8. Chitosan Tubes for Peripheral Nerve Regeneration
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Introduction: Recent studies demonstrated that the chitosan guides used for peripheral nerve repair
showed results similar to those obtained using autologous nerve grafts after immediate repair of rat sciatic
nerve gaps. These promising pre-clinical results led to approval of the chitosan tubes for clinical use in
2014 as Reaxon® Nerve Guide. In this study we show a strategy to further improve the performance of
the chitosan tube by the introduction of longitudinal skeletal muscle fibers. As previously demonstrated,
muscle fibers used to fill a vein (“muscle-in-vein” conduit) improve peripheral nerve regeneration when
used to bridge a nerve defect up to 2cm.

Materials & Methods: The rat median nerve was repaired by means two different conduits: (i) 10 mm
hollow chitosan tube; (ii) 10 mm chitosan tube enhanced by the introduction of skeletal muscle fibers (a
longitudinal piece of the pectoralis major muscle was introduced inside the tube, muscle-in-tube). 10 mm
autologous nerve graft was used as a positive control. Samples were harvested at both early (7, 14, 28
days after nerve repair) and late time points (3 months), and functional, morphological, stereological and
biomolecular analysis were carried out.

Results: The biomolecular analysis carried out on early time points shows that the muscle inside the tube
produces and releases neuregulinl, a key factor for the survival and activity of Schwann cells usually
released following nerve injury. Indeed, neuregulinl is also expressed in the autologous nerve graft, but is
not detectable in the hollow chitosan tube, suggesting that the presence of the muscle compensates this
lack. Moreover, the morphological analysis shows that few fibers are already present after 14 days from
nerve repair only in the muscle-in-tube conduit.

Conclusions: These preliminary results are very promising, because they combine the simplicity and
rapidity of the use of the chitosan tube, with the effectiveness of the muscle fibers to promote axon
regeneration. From the clinical point of view, this conduit might be used instead of the autologous nerve
graft which, although still considered the “gold standard” technique, has some well known disadvantages.



P9. Retropharyngeal Contralateral C7 Nerve Transfer to the Lower Trunk for Brachial Plexus
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Introduction: Brachial plexus birth palsies can lead to significant long-term morbidity, even when
surgical treatment is attempted. Multiple nerve root avulsions present a particularly difficult problem for
reconstruction due to the limited amount of donor nerves. The contralateral cross-C7 (CC7) nerve has
been described for use as a donor nerve but mostly in adolescents and adults. More recently, the CC7
transfer via the retropharyngeal route has been described in attempt to improve outcomes owing to shorter
nerve grafts. We present our technique and early results for the retropharyngeal CC7 nerve transfer to the
lower trunk.

Methods: A retrospective review over the past 4 years was performed. We included any child less than
2 years of age who received a CC7 nerve transfer via the retropharyngeal route to the lower trunk for
brachial plexus birth palsy. Charts were analyzed for patient demographic data, operative variables,
postoperative motor and sensory recovery, length of hospital stay, and length of follow

up. Complications related to the retropharyngeal dissection and the donor limb were also recorded.

Results: We had a total of five patients. Average age at the time of surgery was 157 days. Average
operative time was 5.7 hours. Average hospital stay was 2 days. Average nerve graft length was

3cm. Variable degrees of hand sensation were present in all patients by 9 months. All patients had
unprompted use of the recipient limb, independent of the donor limb. All patients had at least an AMS of
2/7 for finger and thumb flexion; one patient had an AMS of 7/7 for finger and thumb flexion. Only one
patient has had return of intrinsic hand function with an AMS of 3/7. Regarding donor site complications,
two patients had temporary triceps weakness and one patient had clinically insignificant temporary
phrenic nerve paresis. There were no complications related to the retropharyngeal nerve dissection in
any patient. Average length of follow up was 3.3 years.

A retrospective review of nine patients who also underwent the CC7 nerve transfer for other reasons did
not demonstrate any permanent complications related to the donor limb or retropharyngeal dissection.

Conclusion: The retropharyngeal CC7 nerve transfer is a safe way of supplying extra axons to the
severely injured arm in birth-related brachial plexus injuries without any permanent donor limb
deficits. Early functional recovery in our patients with regard to hand function and sensation is
promising.
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Introduction: Proximal brachial plexus injuries pose a reconstructive challenge to surgeons. While the
rabbit has been used to model brachial plexus injury previously, reports conflict in anatomic detail and do
not validate a nerve-muscle pair to measure motor function recovery after injury. The purpose of the
current study is to 1) describe the innervation pattern of the rabbit biceps and 2) validate a technique for
measurement of isometric tetanic force in the rabbit biceps muscle in order to establish an animal model
of brachial plexus injury.

Methods: Part 1: Anatomy. Eight rabbits underwent electrophysiologic investigation. A bipolar nerve
stimulator was used to systematically stimulate the roots, trunks and divisions and nerve branches of the
rabbit brachial plexus and compound muscle action potential (CMAP) was used to record muscle
response to stimulation.

Part 2: Motor Recovery Validation. Eighteen rabbits were anesthetized. The trunk formed by C6, C7 was
clamped in a bipolar electrode. Compound muscle action potential (CMAP) was obtained. The proximal
tendinous portion of the biceps was clamped in a force transducer. Muscle preload and electrical
stimulation variables were optimized to obtain the highest tetanic muscle contraction. Wet muscle weight
and nerve histomorphometry were also analyzed.

Results: Part 1: The C7, C8, and TI nerves form the middle and lower portions of the brachial plexus to
terminate in the axillary, radial, median, and ulnar nerves. The musculocutaneous nerve innervates the
biceps and branches from the median nerve. The biceps was innervated primarily by C7.

Part 2: The rabbit biceps muscle force demonstrated side-to-side equivalence. The maximum force for the
right side averaged 2247.71g + 378.20g (95%Cl 2038.27-2457.15g) and for the left side was 2302.16g
+401.29g (95%CI 2079.94-2524.39¢). The right side expressed as a percentage of the left averaged
99.7% (95%CI 88.9-110.5%). The wet muscle weight of the right expressed as a percentage of the left
was 98.9% (95%CI 95.8-101.9%).

Discussion: The trunk formed by C6, C7 and the biceps muscle are an ideal model for studying
reconstruction techniques after brachial plexus injury. Isometric tetanic force is equivalent from side-to-
side in the rabbit as demonstrated by the high degree of overlap in the 95% confidence intervals for each
side. The width of the 95% confidence interval demonstrates that there is more variability in the rabbit
upper extremity than there is for the lower extremity or for the rat, and researchers should take this into
account when performing power analyses in pre-experimental planning.
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Introduction: The prevalence of elbow flexion contractures reported in children with Obstetrical
Brachial Plexus Palsy (OBPP) ranges from 48 to 85%. Children with OBPP and their families can opt to
pursue a surgical or non-surgical treatment to improve the range of motion of the elbow and the cosmetic
appearance of the limb. The decision to pursue treatment appears largely dependent on functional
concerns and personal factors such as aesthetics and developmental age. The objective of this study was
twofold: 1) Determine the clinical factors that predict whether a child with OBPP will pursue treatment
for an elbow contracture and, 2) Explore the experience of young adults who had serial casting and
splinting to elucidate factors associated with decisions to pursue treatment Materials and

Methods: A retrospective study of youth between 7 to 18 years who attended the authors? brachial plexus
clinic in a 7-year period. The degree of contracture and functional outcome measured by the Brachial
Plexus Outcome Measure (BPOM) Activity and Self-evaluation Scales were extracted from the clinic?s
database. In-depth interviews were conducted with a purposeful sample of 6 young adults from this
sample that had non-surgical treatment as a child.

Results: 287 children were identified, 87 excluded due to missing documentation. Average age was 11.1
+ 3.1 years, females (58%) and upper plexus (77%) injuries. 25% (n=50) made the decision to pursue
treatment for an elbow contracture (1 surgical release, 49 serial casting/splinting). 8 declined treatment.
Average degree of contracture was 23.5 + 17.5 (Range: 20-90) degrees. 13% did not have a contracture.
Stepwise logistical regression model indicated that greater severity in elbow contracture, higher BPOM
Activity sum score and lower BPOM Appearance Scale scores were predictive of whether a child will
pursue treatment for an elbow contracture. Five main themes emerged from the interviews: 1. Functional
and aesthetic reasons to pursue and continue treatment were intertwined, 2. Youths? perspective of
function and appearance changed over time, 3. Splinting and casting treatment had challenges, 4. Intrinsic
versus extrinsic motivation was associated with success and adherence of treatment, and 5. Early
knowledge and trial of treatment were important to the youth.

Conclusions: The degree of elbow contracture, perceived satisfaction with the appearance of the limb and
objective upper extremity function were predictors of whether a child will pursue treatment for an elbow
contracture. Elucidating the functional and aesthetic concerns that motivate the youth to pursue treatment
is important.
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Introduction: Perineural scarring of the ulnar nerve is a predominant cause of symptom recurrence
following surgical treatment for primary cubital tunnel syndrome (CuTS). We report our preliminary
experience with revision ulnar nerve decompression and nerve wrapping using an amniotic membrane
allograft adhesion barrier.

Methods: We performed a retrospective review with prospective follow-up of patients with recurrent
CuTS who were treated with revision neurolysis with amniotic membrane nerve wrapping. Preoperative
grip strength, Visual Analog Scale (VAS) rated pain level, and Quick Disabilities of the Arm, Shoulder
and Hand (QuickDASH) functional outcome score were compared to postoperative values using paired t-
testing. Changes in symptom characteristics and physical exam findings over the course of treatment,
incidence of complications, and level of satisfaction, were also obtained.

Results: Eight patients (mean age, 47.5 years) satisfied study inclusion. All 8 patients had undergone at
least two prior ulnar nerve surgeries before revision neurolysis with amnion placement. At a mean follow-
up interval of 30 months after surgery, significant improvements were noted in VAS pain levels (-3.5 vs.
preoperatively; P < 0.0001), QuickDASH scores (-30 vs. preoperatively; P < 0.0001), and grip strength
(+25 pounds vs. preoperatively; P < 0.0001) All patients expressed some degree of subjective satisfaction
with their results. Importantly, no adverse reactions or complications occurred in any patients.

Conclusions: Ulnar nerve wrapping with an amniotic membrane adhesion barrier in conjunction with
revision neurolysis, is a safe and effective treatment option for patients with severe and debilitating
recurrent cubital tunnel syndrome.



P13. Weakness At Presentation Does Not Affect Outcome In Motor Nerve Malignant Peripheral
Nerve Sheath Tumors
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Introduction: Malignant peripheral nerve sheath tumors of major motor nerves often present with pain
and/or weakness. It is not known whether weakness as a presenting symptom confers any change in
outcome compared to patients without weakness at presentation

Methods: A retrospective search involving MPNST cases at our institution since 1994 was performed.
Cases not involving a major motor nerve were excluded. Outcomes and other factors were compared
between patients presenting with documented weakness and those that did not

Results: A total of 181 cases of MPNST were reviewed. Of these, 65 involved a major motor nerve.
Thirty-six patients (55%), presented with weakness, while 45% had only pain, sensory abnormality or no
symptoms at all. MPNST location included 25 (38%) in the upper extremity, and 41 (62%) in the lower
extremity. Complete excision (negative histologic margins) was performed in 51 (78%) patients.
Adjuvant chemotherapy/radiation was performed in 52 (80%) patients. At the time of this abstract, 23
(35%) patients had died, and the mean time to death or last follow-up for the entire cohort was 35.9 +/-
4.9 weeks. There was no statistically significant difference between age, histologic grade, presence of
metastases at presentation, ability to perform complete excision or outcome between patients presenting
with weakness and those that did not.

Conclusion: In cases of MPNST involving a major motor nerve of the upper or lower extremity,
weakness at presentation may not affect long term outcome.
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Introduction
Metastatic disease is a well-known sequela of malignant peripheral nerve sheath tumors
(MPNSTSs). Metastatic spread to the brain is unusual.

Case Report

A 56-year-old man was found to have a high grade MPNST of the sciatic nerve. Despite en-bloc excision
of the sciatic nerve and local radiation post-operatively, he developed pathologically confirmed systemic
metastases: 25 months after the diagnosis he was found to have lung nodules and received
chemotherapy; and thirty-two months after initial diagnosis, he presented with left leg weakness and
sensory changes and was found to have a lesion of the frontal lobe, received palliative radiation following
which he developed systemic metastases and died 35 months after initial presentation.

Review of a clinical cohort
We retrospectively reviewed the charts of 179 patients treated at our institution with MPNSTS since
1994. This was the only case of a pathology proven brain metastasis, resulting in an incidence of 0.5%.

Discussion
Literature review revealed 22 total cases. The mean age was found to be 37.5 years, and mean survival
after development of a brain metastasis was 9.9 months.

Conclusion

Brain metastases from MPNSTSs are very rare and represent a poor prognosis, with survival after brain
metastasis reported to be approximately 10 months. Early and effective initial diagnosis and treatment of
MPNSTs likely represent the best opportunity for increased overall survival.

Figure 1. (A) T1-weighted, fat-saturation MRI scan with gadolinium demonstrating a heterogeneous mass
arising from the sciatic nerve (arrowhead). (B) Avid FDG-PET uptake. (C) Intraoperative photograph
demonstrating uniform enlargement of the sciatic nerve. (D) Pathologic specimen demonstrating a highly
cellular tumor with multiple mitotic figures (circles).


https://aahsaspnasrm.confex.com/data/abstract/aahsaspnasrm/2017/Paper_23045_abstract_12044_0.jpg

Figure 2. En-bloc resection.

Figure 3. (A) Follow-up PET scan demonstrated evidence of FDG uptake within the peri-hilar lymph
nodes. (B) Peri-hilar lymph node biopsy demonstrating evidence of metastatic MPNST. (C) An MRI was
performed for new onset left sided symptoms demonstrating a non-enhancing mass in the right frontal
lobe on T2-weighted FLAIR sequence. (D) Subsequent brain biopsy pathologic specimen again
demonstrates metastatic MPNST.
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Background: Surgical treatment for migraine headaches, refractory to medical treatment, has recently
produced promising results for patients with limited options. Utility scores are standardized tools offering
validated means of measuring the health state preference of a health condition or disease state. The aim of
this study was to prospectively determine the impact of the health state burden, prior to surgical treatment,
to characterize the quality of life for this patient population and the symptomatic outcome post-
operatively.

Methods: 28 consecutive patients [2 male (7.1%), 26 females (92.9%)], age of 48.1 years (SD=14.7)
undergoing surgery for migraines were prospectively assessed to establish utility scores [visual analogue
scale (VAS), time-trade off (TTO), and standard gamble (SG)] and Migraine-Specific Symptoms and
Disability (MSSD) prior to surgical treatment. 15 patients reached 3 months follow up and completed
MSSD.

Results: Despite medical treatment, MSSD demonstrated mean 17.3 headaches per month (SD=9.7),
lasting 9.5 hours (SD=9.4) per episode, with a mean pain score of 7.6 (SD=1.6) for patients prior to
surgical treatment. Utility scores (VAS, TTO, SG) for migraine headaches were 0.54 (SD=0.25), 0.57
(SD=0.25), and 0.62 (SD=0.27) respectively; similar to those for monocular blindness (0.49, 0.64, 0.61)
but higher than binocular blindness (0.26, 0.32, 0.27), pre operatively. MSSD completed at 3 months
demonstrated an overall improvement with mean 5.9 headaches per month (SD=6.2), lasting 5.3 hours
(SD=7.9) with a mean pain score of 5.6 (SD=3.6). Of the 15 patients evaluated at 3 months, 9 patients
demonstrated a symptomatic improvement >75% when multiplying number of headaches per month,
length of headaches and pain score, including 5 patients with complete resolution of symptoms.
Evaluation of the number of trigger points of the 6 patients that did not respond, demonstrated a mean of
3.6 trigger points pre-operatively (SD=1.1) and 2.6 trigger points post-operatively (SD=1.1).

Conclusion: Migraine headaches refractory to medical treatment can be objectively assessed using utility
scores. Utility scores for migraine headaches were comparable to previously published data for unilateral
facial paralysis and lower extremity lymphedema, and worse in comparison to common cosmetic
deformities such as breast ptosis and an aging neck. Symptomatic evaluation at 3 months post-operatively
showed the majority of the patients (n=9) undergoing surgery improved, while the non-responders (n=6)
had a decreased number of trigger points. We have described the health state burden, in a prospective
manner, in order to expand the benefits of surgical treatment of refractory migraine headaches.
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Background: Supraorbital Rim Syndrome (SORS) is a novel term attributed to a composite of
anatomically defined peripheral nerve entrapment sites of the supraorbital rim region. The SORS term
establishes a more consistent nomenclature to describe the constellation of frontal peripheral nerve
entrapment sites causing frontal headache pain. In this article, we describe the anatomical features of
SORS as well as evidence to support its successful treatment using the trans-palpebral approach that
allows direct vision of these sites and the intraconal space.

Methods: A retrospective review of 276 patients who underwent nerve decompression or neurectomy
procedures for frontal or occipital headache was performed. Of these, 96 patientsO treatment involved
frontal surgery, and 45 of these patients were pure SORS patients that underwent this specific frontal
trigger site deactivation surgery only. All procedures involved direct surgical approach through the upper
eyelid to address the nerves of the supraorbital rim at both the bony rim and myofascial unit sites.

Results: Pre- and post-operative data from the migraine disability assessment questionnaire (MIDAS)
was analyzed with paired t-test. Following surgical intervention, MIDAS scores decreased significantly at
12 months post-operatively (p<.0001).

Conclusions: SORS describes the totality of compression sites both at the bony orbital rim as well as the
corrugator myofascial unit for the supraorbital rim nerves. Proper diagnosis, full anatomical site
knowledge and complete decompression allows for consistent treatment. Further, the direct,
transpalpebral surgical approach provides significant benefit to allow complete decompression.
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Introduction: The SMILE system is a reliable grading system of facial reanimation that measures critical
landmarks on pre-operative and post-operative 2D photographs in Adobe Photoshop®. The inter-rater
reliability of the SMILE system has been established in adults, but not yet in a pediatric population.

Materials and Methods: A total of 107 patients with Mobius syndrome from a single cohort at The
Hospital for Sick Children underwent facial reanimation surgery with free segmental gracilis muscle
transplantation between 1985 to 2014. A retrospective analysis of 2D photographs was used to evaluate
the inter-rater reliability of the SMILE system. Two independent raters evaluated the pre- and post-
operative pictures of patients with Mobius syndrome. Inter-rater reliability of the excursion angles on
both right and left sides were analyzed between the two raters.

Results: Sixty-two children had pre- and post-operative photos available for analysis. Nine cases were
excluded because of poor photo quality and/or missing data. Of the 53 patients analyzed, 41 underwent
motor nerve to masseter transfers and 12 had cross face nerve grafts to reinnervate the gracilis muscle flap
for facial reanimation. The mean age was 9.2 + 4.0 years old at the time of surgery. Intraclass Correlation
Coefficient (ICC (21)) of left /right angle measurements between the two raters were 0.957/0.904 pre-
operatively and 0.974/0.951 post-operatively.

Conclusion: The SMILE system demonstrated excellent inter-rater reliability to evaluate preoperative
and postoperative outcomes of facial reanimation in a pediatric population.
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Hand arm vibration syndrome (HAVS) is an occupational disease that causes debilitating numbness and
vasospasm of the fingers. The mode of injury remains poorly understood which also inhibits preventative
measures. Previous work has shown that one bout of 12 min vibration with a riveting hammer causes
decreased sensation in the rat tail. However the effects on mechanosensory receptors of the skin have not
been characterized. We aimed to study the effects of vibration on rat tail sensory nerve endings on the
skin by examining changes after 5 weeks of vibration exposure.

8-wk-old Sprague-Dawley rats were divided into a tail-vibration group (n=8) and a sham-vibrated control
group (n=8). The vibration group received 12 min of riveting hammer vibration exposure per day, 5 days
per week for a total of 5 weeks. The Control group received the same treatment in terms of restraint and
noise exposure, however they were not subjected to tail vibrations. When treatments were completed, the
rats were euthanized and perfusion fixed with buffered formaldehyde. Mid-tail segments were removed,
decalcified and frozen for cryostat sections. Lanceolate mechanosensory nerve endings surrounding hairs
in the skin were immunostained by PGP9.5 and examined by fluorescence microscopy.

Interestingly, results showed that lanceolate nerve ending complexes appeared largely unchanged in
number and organization between the vibrated and control non-vibrated groups. These findings may
suggest that altered sensory perception is not a result of damage to sensory nerve endings at the skin level,
but rather it may be secondary to changes in signal transduction in the peripheral or central nervous
system. Alternatively, since PGP9.5 also stains Schwann cells, the observed complexes may represent
preserved Schwann cell processes with or without intact nerve endings. Future experiments will be
conducted to differentiate between Schwann cell processes and nerve endings of the lanceolate complex.
This will determine whether vibration causes injury at the cutaneous mechanoreceptor level which may
help in targeting preventative or treatment therapies for HAVS.
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Introduction: Motor unit (MU) muscle fibers innervated by one motoneuron, and muscle fiber types are
normally distributed in a mosaic pattern in muscle cross-sections. A muscle nerve normally branches to
supply muscle fibers in separate muscle compartments with slow and fast nerve fibers innervating deep
and superficial compartments, respectively. We showed that this distribution is restored after
reinnervation of large hindlimb muscles with MU and fiber type clumping apparent only when the nerve
supply was reduced. Here we asked whether 1) MU muscle fiber and muscle fiber types ‘clump’ (defined
as a significant increase in numbers of the fibers that are adjacent to one another) in a smaller
reinnervated rat tibialis anterior (TA) muscle, and 2) regenerating slow and fast nerves reinnervate their
original muscle compartments as they do in larger muscles.

Materials and Methods: TA muscle and MU contractile forces were recorded in normal muscles and in
reinnervated muscles, 4-6 months after common peroneal nerve transection and surgical repair with
random alignment of the nerve stumps. Glycogen-depletion for visualization and enumeration of MU
muscle fibers was accomplished by exhaustive electrical stimulation of the nerve supply. Muscle fiber
types identified with histochemical staining, were counted.

Results: First, the MU muscle fibers occupied defined territories in serial muscle cross-sections. The
territories were significantly smaller in reinnervated TA muscles despite all motoneurons regenerating
their nerves and reinnervating the muscles. The reinnervated MU muscle fibers and fiber types were
clumped within 1 to 3 groups with significantly more MU muscle fibers lying adjacent to one another in
parallel with a corresponding increase in muscle fiber type adjacencies. Second, reinnervated slow muscle
fibers were localized to the deep muscle compartment as they are normally despite the failure of
regenerating nerve fibers to reinnervate their former muscle fibers. Numbers of reinnervated slow muscle
fibers were significantly increased and a significant proportion were located abnormally in the superficial
compartment.

Conclusions: We conclude that 1) reinnervated rat MU muscle fibers clump within smaller muscle
territory areas and 2) most but not all reinnervated slow muscle fibers locate normally to the deep muscle
compartment. The significance of the findings is that fiber type clumping in small muscles that have
relatively few MU muscle fibers in small territories, is not a reliable indicator of the extent of nerve
regeneration whereas, in large muscles, ‘clumping’ may serve to indicate reduced numbers of intact MUs
after complete or partial nerve injuries.
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Introduction: Chronic denervation of upper and lower extremity motor nerves causes significant damage
to peripheral nerves: Schwann cells undergo apoptosis, axonal basal laminae deteriorate, and target
muscles atrophy. Thus, chronic denervation of peripheral nerves results in decreased nerve regeneration
potential and negatively impacts clinical outcomes after extremity nerve trauma. Although the cellular
and molecular effects of chronic denervation on peripheral nerve regeneration are well understood,
previous studies have failed to correlate these results to behavioral functional results. To address this
problem, we have developed a novel murine, upper extremity nerve injury model that optimizes
measurement of functional recovery after chronic denervation injury.

Methods: We developed a forelimb chronic denervation model in which the median nerve was transected
at the mid-humerus level and left in discontinuity for 0, 8 or 12 weeks. After the period of chronic
denervation was complete, the distal median nerve stump was co-apted to the proximal end of a freshly
axotomized ulnar nerve. Group 1 rats underwent 8 weeks of chronic denervation (n= 8); Group 2 rats
underwent 12 weeks of chronic denervation (n=8); Group 3 rats (positive control) underwent immediate
neurorrhaphy of the ulnar and median nerves (n = 8); and Group 4 rats (naive control) did not undergo
any surgical procedure (n = 8). Functional recovery was tested weekly by measuring grip strength using a
force transducer, scoring the injured forelimb during feeding, and recording compound muscle action
potentials (CMAPSs) in the abductor pollicis brevis muscle of the injured limb. Animals were sacrificed at
14 weeks after ulnar-median neurorrhaphy for assessment of axonal regeneration and degree of muscle
atrophy.

Results: Fourteen weeks after ulnar-median neurorrhaphy, Group 3 rats demonstrated significant
functional recovery, as compared with Group 1. Group 3 rats demonstrated greater grip strength than
Group 1 (2.2 £ 0.3 Newtons vs. 1.0 £ 0.1 Newtons, P=0.001), improved feeding (score of 7.3 = 0.05 vs.
6.0 £ 0.04, P<0.0001), and greater CMAPs (1.7 £ 0.07 millivolts vs. 0.5 = 0.04 millivolts, P=0.0001).
Furthermore, forelimb flexor muscle weights were significantly different between Group 3 and 1 (0.82
grams vs. 0.53 grams; P<0.00001). Results for Group 2 and 4 animals are pending.

Conclusions: This novel forelimb chronic denervation model provides the first translatable animal model
to assess functional recovery after peripheral nerve chronic denervation injury. This model provides a
reliable model to assess future therapeutics aimed at augmenting extremity function following chronic
denervation injury of peripheral nerves.



