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AnatomyAnatomy
typically C5 typically C5 -- T1 (ventral T1 (ventral ramirami) Commonly ) Commonly 
also includes input from C4 and T2also includes input from C4 and T2
prefixed C4 prefixed C4 –– C8 C8 –– 3%3%--40%40%
postfixedpostfixed C6 C6 -- T2 T2 –– rarerare
divided into Roots, Trunks, Divisions, divided into Roots, Trunks, Divisions, 
Cords, and Branches (nerves)Cords, and Branches (nerves)
C5 & C6 form upper trunk at C5 & C6 form upper trunk at ErbErb’’ss PointPoint

suprascapularsuprascapular n. exits distal to n. exits distal to ErbErb’’ss









Basics of Nerve Injury and RepairBasics of Nerve Injury and Repair

NeurapraxiaNeurapraxia-- minor contusion or compression, possible minor contusion or compression, possible 
minor edema or myelin breakdownminor edema or myelin breakdown

AxonotmesisAxonotmesis-- axon breakdown and distal axon breakdown and distal WallerianWallerian
degeneration but preservation of degeneration but preservation of SchwannSchwann cell and cell and 
endoneurialendoneurial tubestubes

NeurotmesisNeurotmesis-- complete severance or significant complete severance or significant 
avulsion or crush; axon, avulsion or crush; axon, SchannSchann cell, cell, endoneuriumendoneurium
completely disrupted;  completely disrupted;  perineuriumperineurium and and epineuriumepineurium
disrupted to varying degreesdisrupted to varying degrees





RepairRepair
EndoneurolysisEndoneurolysis

EpineuriumEpineurium is incised only in area of lesionis incised only in area of lesion
Flaps of Flaps of epineuriumepineurium are underminedare undermined
FuniculiFuniculi are separated w/ care to protect are separated w/ care to protect 
interfascicularinterfascicular plexusplexus

Partial Partial NeurorrhaphyNeurorrhaphy
Partially damaged nervePartially damaged nerve
Only large nervesOnly large nerves

NeurorhaphyNeurorhaphy
EpineurialEpineurial neurorrhaphyneurorrhaphy
PerineurialPerineurial neurorrhaphyneurorrhaphy
Nerve graftingNerve grafting



NeurorrhaphyNeurorrhaphy



HistoryHistory

1764, 1764, SmellieSmellie first described birth palsyfirst described birth palsy
1872, 1872, DuchenneDuchenne proposed traction mechanismproposed traction mechanism
1874, 1874, ErbErb, vulnerable point, vulnerable point
1900, William 1900, William ThornburnThornburn

11stst report of successful surgeryreport of successful surgery
16 16 yoyo female, female, txtx’’dd by secondary sutureby secondary suture

1920, Taylor1920, Taylor
series of 70 birth palsy series of 70 birth palsy txtx’’dd surgicallysurgically

1963, Sir Herbert 1963, Sir Herbert SeddonSeddon
““repair of the brachial plexus has proved so disappointing that irepair of the brachial plexus has proved so disappointing that it t 
should not be done except for the upper trunkshould not be done except for the upper trunk””

19701970’’ss
technical improvement in microsurgerytechnical improvement in microsurgery
many reported their improved experience many reported their improved experience 



LeffertLeffert ClassificationClassification
I   OpenI   Open
II   Closed (traction)II   Closed (traction)

A   A   supraclavicularsupraclavicular
preganglionicpreganglionic: proximal to DRG, avulsion of nerve roots, no : proximal to DRG, avulsion of nerve roots, no 
proximal stump, no proximal stump, no neuromaneuroma, , pseudomeningocelepseudomeningocele on CT/MRI, on CT/MRI, 
hornerhorner’’ss (T1, (T1, ptosisptosis, , miosismiosis, , anhydrosisanhydrosis))
postganglionic: distal to DRG, roots intact, proximal stump, postganglionic: distal to DRG, roots intact, proximal stump, 
neuromaneuroma, no , no pseudomeningocelepseudomeningocele

B   B   infraclavicularinfraclavicular
usually involves the trunksusually involves the trunks

C   combinedC   combined
D   D   postanestheticpostanesthetic palsypalsy

general anesthesiageneral anesthesia
regional anesthesiaregional anesthesia

III   Radiation inducedIII   Radiation induced
IV   ObstetricIV   Obstetric

IVA   IVA   ErbErb’’ss (upper roots)(upper roots)
IVB   IVB   KlumpkeKlumpke (lower roots)(lower roots)



Brachial Plexus Birth Palsy (BPBP)Brachial Plexus Birth Palsy (BPBP)

Mechanism is forceful separation of head from Mechanism is forceful separation of head from 
the shoulder by lateral flexion of the cervical the shoulder by lateral flexion of the cervical 
spine and depression of the shoulder during spine and depression of the shoulder during 
birthbirth
Primary risk is Primary risk is macrosomiamacrosomia (caused by maternal (caused by maternal 
diabetes and diabetes and multiparitymultiparity))
Other factors include prolonged gestation, Other factors include prolonged gestation, 
prolonged labor, prolonged labor, oxytocinoxytocin, forceps or suction, , forceps or suction, 
maternal birth injuriesmaternal birth injuries
BPBP in and older sibling is best predictorBPBP in and older sibling is best predictor





DiagnosisDiagnosis

Asymmetric upper extremity motionAsymmetric upper extremity motion
Generally holds shoulder internally Generally holds shoulder internally 
rotated, elbow extended and wrist flexedrotated, elbow extended and wrist flexed
Differential includes Differential includes hemiparesishemiparesis, septic , septic 
shoulder, shoulder, SprengelSprengel’’ss deformity, clavicle deformity, clavicle 
fracturefracture
HornerHorner’’s syndrome and s syndrome and hemidiaphragmhemidiaphragm
paralysis associated and portend worse paralysis associated and portend worse 
prognosisprognosis





TypesTypes

ErbErb’’ss palsypalsy
Upper trunk (C5Upper trunk (C5--6) often at 6) often at ErbErb’’ss pointpoint
Most common typeMost common type

Global palsyGlobal palsy
Next most commonNext most common

KlumpkeKlumpke’’ss palsypalsy
Lower trunk (C8Lower trunk (C8--T1)T1)
Least commonLeast common
May represent partial recovery from global May represent partial recovery from global 
lesionlesion



GoalsGoals

Prevent contractures during recoveryPrevent contractures during recovery
Restore neurological functionRestore neurological function
Augment muscle weaknessAugment muscle weakness
Limit deformitiesLimit deformities



ManagementManagement

Teach parents PROM shoulder Teach parents PROM shoulder excercisesexcercises
at 3at 3--4 weeks of age4 weeks of age
Follow every 1Follow every 1--2 months using infant 2 months using infant 
active movement scale active movement scale 
Elbow flexion is best to monitorElbow flexion is best to monitor

Easy to followEasy to follow
Antigravity elbow flexion with shoulder Antigravity elbow flexion with shoulder 
abduction at 3 months suggests good abduction at 3 months suggests good 
prognosisprognosis





Surgical TreatmentSurgical Treatment

Wait until at least 3 months of ageWait until at least 3 months of age
Poor results for plexus reconstruction after Poor results for plexus reconstruction after 
12 months12 months
If possible surgical candidate then If possible surgical candidate then 
consider studies:consider studies:

EMG and Nerve conduction to differentiate EMG and Nerve conduction to differentiate 
neuropraxia from axonal degenerationneuropraxia from axonal degeneration
MRI / CT myelogram identify root avulsionsMRI / CT myelogram identify root avulsions
All require sedation and myelogram is invasive All require sedation and myelogram is invasive 
so only indicated for preso only indicated for pre--op planningop planning



Exploration and RepairExploration and Repair

Unique to BPBPUnique to BPBP
Neurotization is rarely necessaryNeurotization is rarely necessary

At least one root is usually available as At least one root is usually available as 
proximal source of neuronsproximal source of neurons

Plexus is often shifted distally, changing Plexus is often shifted distally, changing 
anatomic relationshipsanatomic relationships
Clavicular osteotomy usually not necessaryClavicular osteotomy usually not necessary



Late ReconstructionLate Reconstruction
Unopposed internal rotation leads to deformity Unopposed internal rotation leads to deformity 
and dislocationand dislocation
1925 Sever1925 Sever

Release of Release of PecPec Major and Major and SubscapSubscap

1934 1934 LL’’EpiscopoEpiscopo
Sever plus Sever plus TeresTeres major major txtx to proximal to proximal humerushumerus to to 
give active ext rotgive active ext rot

HofferHoffer
TxTx of Lat of Lat DorsiDorsi & & TeresTeres MajMaj to to SupraspinatisSupraspinatis w/ w/ 
release of release of PecPec Major onlyMajor only

CoveyCovey
Lat Lat dorsidorsi and and TeresTeres major rerouting around proximal major rerouting around proximal 
humerushumerus









NoncongenitalNoncongenital Plexus LesionPlexus Lesion

Most are from motorcycle accidentsMost are from motorcycle accidents
May be open, closed, radiation, etc May be open, closed, radiation, etc 



Open InjuriesOpen Injuries
Sharp InjuriesSharp Injuries

may be accompanied by life or limb threatening may be accompanied by life or limb threatening 
injuriesinjuries

if present, mandates immediate explorationif present, mandates immediate exploration
if not, consider nature of woundif not, consider nature of wound

sharp instrument, knife or glasssharp instrument, knife or glass
assume a division of nerve rather than contusionassume a division of nerve rather than contusion
merits exploration ifmerits exploration if

significant neural deficit w/ expected benefitsignificant neural deficit w/ expected benefit
children; repaired as much as possible; regeneratechildren; repaired as much as possible; regenerate

surgical repair can be done as soon as ptsurgical repair can be done as soon as pt’’s condition s condition 
permitspermits

LeffertLeffert: within 24 hours: within 24 hours

open wounds of lower trunksopen wounds of lower trunks
worse prognosis, far more vascular injuriesworse prognosis, far more vascular injuries
expanding aneurysm can cause deficits by compressionexpanding aneurysm can cause deficits by compression



Gunshot WoundsGunshot Wounds
rarely causes complete palsyrarely causes complete palsy

if they did, quickly resolve to partialif they did, quickly resolve to partial

concussive effect may deform the nervesconcussive effect may deform the nerves
temporary disruptiontemporary disruption

highhigh--velocity woundsvelocity wounds
severe stretchsevere stretch-- as devastating as as devastating as transectiontransection

best surgical outcome w/ upper trunk, lateral best surgical outcome w/ upper trunk, lateral 
and posterior cord (Kline)and posterior cord (Kline)
conservative treatment advocatedconservative treatment advocated
exploration ifexploration if

no recovery seen within 3 monthsno recovery seen within 3 months
a major area of a major area of neurologicneurologic deficitdeficit



Iatrogenic InjuryIatrogenic Injury--rarerare
subclaviansubclavian lines or lines or arteriographyarteriography

explore as soon as evidence of increasing local or explore as soon as evidence of increasing local or 
referred pain, or referred pain, or neuroneuro deficitdeficit

operative/sharp injuriesoperative/sharp injuries
immediate repairimmediate repair
missed until pt awakened, becomes difficult to missed until pt awakened, becomes difficult to 
distinguish between traction injurydistinguish between traction injury

latter usually resolves within 6 weeks, observelatter usually resolves within 6 weeks, observe

transaxillarytransaxillary 11stst rib resectionrib resection
injury to lower trunkinjury to lower trunk-- poor prognosispoor prognosis
injury to long thoracic nerveinjury to long thoracic nerve-- serratusserratus anterior anterior 
paralysisparalysis



Closed InjuriesClosed Injuries
SupraclavicularSupraclavicular InjuriesInjuries

most from MCA or MVA where head and shoulder are most from MCA or MVA where head and shoulder are 
forcibly separatedforcibly separated
many combination of injury depending on position at many combination of injury depending on position at 
time of impacttime of impact
variable clinical pictures of motor and sensoryvariable clinical pictures of motor and sensory

InfraclavicularInfraclavicular InjuriesInjuries
local compression or traction, often from closed local compression or traction, often from closed 
shoulder girdle injuriesshoulder girdle injuries
extent of nerve damage usually less than extent of nerve damage usually less than 
supraclavicularsupraclavicular 22ºº to limited excursion of soft tissueto limited excursion of soft tissue
conservative managementconservative management

unless evidence of unless evidence of transectiontransection by sharp bone fragments or by sharp bone fragments or 
vascularvascular
explore if no recovery at 3 explore if no recovery at 3 –– 6 months6 months
good prognosisgood prognosis



Postoperative PalsyPostoperative Palsy
following general anesthesiafollowing general anesthesia

due to positioning on tabledue to positioning on table
traction, 1traction, 1stst degree injury/degree injury/neurapraxianeurapraxia
good prognosis, usually recovers in 6 weeks, even w/ good prognosis, usually recovers in 6 weeks, even w/ 
total paralysis within 11 monthstotal paralysis within 11 months
attention to positioningattention to positioning

avoid avoid hyperabductionhyperabduction of arms, excessive lateral flexion of of arms, excessive lateral flexion of 
neck;  neutral head and neck in lateral neck;  neutral head and neck in lateral decubitusdecubitus positionspositions

following regional blockfollowing regional block
persistence of symptoms are rarepersistence of symptoms are rare
injury due to use of longinjury due to use of long--bevel needles, multiple bevel needles, multiple 
probingprobing
intraneuralintraneural hematomahematoma



Radiation InjuryRadiation Injury

increasing frequency of radiotherapy for breast cancerincreasing frequency of radiotherapy for breast cancer
related to total dose, fractionation schedule, number & related to total dose, fractionation schedule, number & 
extent of fieldsextent of fields
axonal effect of radiation on peripheral nervesaxonal effect of radiation on peripheral nerves

from swelling and hyperemia to degeneration and from swelling and hyperemia to degeneration and SchwannSchwann cell cell 
proliferation, progressive scarring and eventual neural elementsproliferation, progressive scarring and eventual neural elements
disappearancedisappearance

difficult to distinguish radiation difficult to distinguish radiation vsvs recurrent tumorrecurrent tumor
radiationradiation-- generalized plexus involvementgeneralized plexus involvement
HornerHorner’’s more consistent with s more consistent with neoplasticneoplastic infiltrationinfiltration
CT, MRI, or explorationCT, MRI, or exploration

no consensus on treatmentno consensus on treatment
simple simple neurolysisneurolysis, , neurolysisneurolysis w/ transplantation of w/ transplantation of omentumomentum, , 
preventionprevention



Burner/StingerBurner/Stinger
stretching injury usually of upper roots (C5, 6)stretching injury usually of upper roots (C5, 6)

sudden shoulder depression with extension or lateral sudden shoulder depression with extension or lateral 
deviation of neck to deviation of neck to contralateralcontralateral sideside
direct blow to direct blow to supraclavicularsupraclavicular fossafossa at at ErbErb’’ss pointpoint
compression from compression from ipsilateralipsilateral lateral flexion and lateral flexion and 
hyperextensionhyperextension

burning pain radiating from shoulder to arm to burning pain radiating from shoulder to arm to 
hand;  no pain in the neck, good ROMhand;  no pain in the neck, good ROM
weakness of shoulder abductors, external weakness of shoulder abductors, external 
rotators, bicepsrotators, biceps
lasts minutes to monthslasts minutes to months
study by U.S. Military Academy concluded that study by U.S. Military Academy concluded that 
injury resulted from compression of fixed plexus injury resulted from compression of fixed plexus 
between shoulder pad and superior medial between shoulder pad and superior medial 
scapula into scapula into ErbErb’’ss pointpoint





Location of Location of 
LesionsLesions Level 1- root avulsion, separation 

of rootlets from spinal cord, can 
be partial, affecting motor or 
sensory, or both

Level 2- lesions of the anterior 
branch of spinal nerves outside 
the foramina, more common with 
C5-7; lower trunks due to “scissor 
effect” between 1st rib and clavicle

Level 3- retroclavicular lesions, 
almost never involves medial cord

Level 4- distal part of cords

Level 5- lesions of the main 
nerves



Combined Evaluation of Sunderland and Combined Evaluation of Sunderland and MillesiMillesi





ErbErb’’ss PalsyPalsy

neuropraxia of C5, 6;  neuropraxia of C5, 6;  axillaryaxillary, , 
musculocutaneousmusculocutaneous, , suprascapularsuprascapular nerves nerves 
affectedaffected
birth injury, violent displacement of head from birth injury, violent displacement of head from 
shoulder, compressionshoulder, compression
deficit deficit –– deltoid, rotator cuff, elbow flexors, wrist deltoid, rotator cuff, elbow flexors, wrist 
& hand extensors, sensation along outer arm; & hand extensors, sensation along outer arm; 
““waiterwaiter’’s tips tip”” –– shoulder add/IR, elbow ext, wrist shoulder add/IR, elbow ext, wrist 
flex & flex & pronatedpronated



8080--90% attain normal 90% attain normal 
or near normal functionor near normal function
gentle ROM exercises gentle ROM exercises 
first 6 months to retain first 6 months to retain 
ext. rotation and ext. rotation and 
abductionabduction
follow with EMGfollow with EMG
treatments include: treatments include: 
nerve grafting, release nerve grafting, release 
of contracture, tendon of contracture, tendon 
transfertransfer



KlumpkeKlumpke’’ss PalsyPalsy

neuropraxia of lower roots (C8, T1), neuropraxia of lower roots (C8, T1), ulnarulnar
nerve affectednerve affected
forceful abduction of shoulder, cervical rib forceful abduction of shoulder, cervical rib 
compression, abnormal scalene insertioncompression, abnormal scalene insertion
deficit deficit –– wrist flexors, wrist flexors, intrinsicsintrinsics, sensation , sensation 
of medial arm, forearm, hand, triceps of medial arm, forearm, hand, triceps 
reflexreflex
claw hand, wrist extendedclaw hand, wrist extended
poorer prognosis than poorer prognosis than ErbErb’’ss



Other InjuriesOther Injuries
- Crutch Palsy

improper use of crutches, radial nerve, wrist 
drop, sensory loss
- Brachial Neuritis

acute severe pain in neck, arm, and hand 
with variable weakness and sensory deficit;  
pain is constant and aggravated by arm 
motion; recovery in weeks to months; treat 
with rest and analgesic
- Parsonage-Turner syndrome

unknown etiology, may follow immunization 
or viral illness; pain usually limited to shoulder, 
variable weakness



Clinical EvaluationClinical Evaluation
CSFCSF

bleeding w/ root avulsionbleeding w/ root avulsion

Axon Reflex TestingAxon Reflex Testing
Histamine Flare TestHistamine Flare Test

positive flare/wheal positive flare/wheal –– preganglionicpreganglionic
negative flare/wheal negative flare/wheal –– postganglionicpostganglionic

Cold Cold VasodilationVasodilation TestTest
vasodilationvasodilation –– preganglionicpreganglionic
no no vasodilationvasodilation –– postganglionicpostganglionic

ElectrodiagnosisElectrodiagnosis
Motor Nerve Conduction & ElectromyographyMotor Nerve Conduction & Electromyography
Sensory Nerve ConductionSensory Nerve Conduction



Radiological ExamRadiological Exam
Angiograms Angiograms –– r/or/o vascular injuriesvascular injuries
Diaphragm Diaphragm –– C3,4,5 root avulsions, birth palsyC3,4,5 root avulsions, birth palsy
CT CT MyelographyMyelography –– early may show filling defect from early may show filling defect from 
intrathecalintrathecal hematomahematoma; after ; after hematomahematoma resolves resolves 
either seals either seals duradura rent and normalizes exam or creates rent and normalizes exam or creates 
meningocelemeningocele.  Cord may distort from tethering to .  Cord may distort from tethering to 
meningocelemeningocele..
MRI MRI –– T2 image may reveal T2 image may reveal pseudomeningocelespseudomeningoceles, , 
changes in changes in duradura space or cord; best testspace or cord; best test

Exploration and Exploration and IntraoperativeIntraoperative ElectrodiagnosisElectrodiagnosis
SomatosensorySomatosensory Evoked PotentialsEvoked Potentials
Evoked Spinal Cord PotentialsEvoked Spinal Cord Potentials
CholineCholine AcetylTranferaseAcetylTranferase activityactivity

Hattori & Hattori & DoiDoi, 2000, 2000
CAT activity <500cpm CAT activity <500cpm –– preganglionicpreganglionic, >2000cpm , >2000cpm ––
postganglionicpostganglionic
higher activity in motor fascicles, donor nerves resulted in higher activity in motor fascicles, donor nerves resulted in 
stronger motor recovery of stronger motor recovery of reinnervatedreinnervated musclesmuscles







Clinical EvaluationClinical Evaluation

all all preoppreop exams are indirect and none is totally reliableexams are indirect and none is totally reliable
radiologicradiologic imaging and EMG delayed for 1 month w/ a imaging and EMG delayed for 1 month w/ a 
totally flail, anesthetic limbtotally flail, anesthetic limb

3 weeks for development of fibrillation seen w/ 3 weeks for development of fibrillation seen w/ denervationdenervation

HornerHorner’’s, severe s, severe neuropathicneuropathic pain, pain, fxfx’’ss of clavicle and of clavicle and 
cervical transverse processes, winged scapula, cervical transverse processes, winged scapula, 
scapulothoracicscapulothoracic dissociation all indicate poorer prognosisdissociation all indicate poorer prognosis
combination of CT and combination of CT and myelographymyelography provided the provided the 
accuracy of diagnosis to 94.3% (Roger et al, 1988)accuracy of diagnosis to 94.3% (Roger et al, 1988)
histamine flare test very difficult interpretationhistamine flare test very difficult interpretation



General Consideration of Surgical TreatmentGeneral Consideration of Surgical Treatment
pt must able to tolerate 8 pt must able to tolerate 8 –– 10 hours of general 10 hours of general 
anesthesiaanesthesia
draping to allow extensile exposure from neck to draping to allow extensile exposure from neck to 
shoulder girdle, chest, & arm; access to both legs shoulder girdle, chest, & arm; access to both legs 
for nerve graftsfor nerve grafts
blood available for inadvertent injury to large blood available for inadvertent injury to large 
vesselsvessels
delay of >6 months will diminish chances of delay of >6 months will diminish chances of 
functional recoveryfunctional recovery
surgical approachsurgical approach
root avulsion repair not usually doneroot avulsion repair not usually done

CarlstedtCarlstedt et al 1996, in Stockholm, able to restore et al 1996, in Stockholm, able to restore 
continuity between cord and ventral roots, w/ some continuity between cord and ventral roots, w/ some 
motor recovery; one pt w/ motor recovery; one pt w/ reimplantedreimplanted C6,7 had C6,7 had 
voluntary activity of deltoid, biceps, & triceps at 3 yearsvoluntary activity of deltoid, biceps, & triceps at 3 years





NeurolysisNeurolysis

Used to decompress nerves from internal Used to decompress nerves from internal 
fibrosis or from surrounding tissuefibrosis or from surrounding tissue
Not helpful if nerve is discontinuousNot helpful if nerve is discontinuous
3 types3 types

EpifascicularEpifascicular epineuriotomyepineuriotomy
EpifascicularEpifascicular epineuriectomyepineuriectomy
InterfascicularInterfascicular epineuriectomyepineuriectomy



NeurorrhaphyNeurorrhaphy

Useful in early repair of clean Useful in early repair of clean transectionstransections
(stab injuries)(stab injuries)
Otherwise tension is usually too great to Otherwise tension is usually too great to 
allow this methodallow this method



EndEnd--toto--side side CoaptationCoaptation

End of a End of a denervateddenervated nerve is brought in nerve is brought in 
contact with the side of an innervated contact with the side of an innervated 
nervenerve
EpineurialEpineurial window is madewindow is made
Neurotization occursNeurotization occurs
Works in small single function nervesWorks in small single function nerves
Allows repair without destroying the donor Allows repair without destroying the donor 
nervenerve



Nerve GraftingNerve Grafting
direct suture repair generally impossible 2direct suture repair generally impossible 2ºº to traction, use to traction, use 
of intercalated grafts of of intercalated grafts of autogenousautogenous nervenerve
suralsural, , antebrachialantebrachial medial medial cutaneouscutaneous, superficial radial, , superficial radial, 
lateral femoral lateral femoral cutaneouscutaneous, , saphenoussaphenous, lateral , lateral antebrachialantebrachial
cutaneouscutaneous, , ulnarulnar (w/documented avulsion of C8 & T1)(w/documented avulsion of C8 & T1)
reconstruct as much as possible when adequate root stockreconstruct as much as possible when adequate root stock
length of graft should be increased by 15% to allow for length of graft should be increased by 15% to allow for 
shrinkageshrinkage
free grafting between upper trunk and lateral cord or free grafting between upper trunk and lateral cord or 
musculocutaneousmusculocutaneous →→ restores elbow flex in 75%; better restores elbow flex in 75%; better 
outcome than any tendon transferoutcome than any tendon transfer
UlnarUlnar n. on sup n. on sup ulnarulnar collateral a. or collateral a. or SaphenousSaphenous n. may be n. may be 
used as free used as free microvascularmicrovascular transfertransfer
vascularizedvascularized nerve grafting nerve grafting –– no long term advantageno long term advantage



Neurotization (nerve transfer)Neurotization (nerve transfer)
Anterior nerves of cervical plexusAnterior nerves of cervical plexus
ContralateralContralateral C7 may be usedC7 may be used

Most people can sacrifice w/o detrimentMost people can sacrifice w/o detriment
Test either Test either intraopintraop or by temporarily placing ligature or by temporarily placing ligature 
before surgerybefore surgery
Requires one to Requires one to conciouslyconciously use nonuse non--paralyzed side to paralyzed side to 
move injured sidemove injured side

IntercostalsIntercostals
1961 by Yeoman & 1961 by Yeoman & SeddonSeddon-- 33rdrd & 4& 4thth intercostalintercostal to to 
musculocutaneousmusculocutaneous
initially elbow flexion is synchronous w/ inspiration and initially elbow flexion is synchronous w/ inspiration and 
involuntarily w/ coughing or sneezinginvoluntarily w/ coughing or sneezing
eventually achieved independent, voluntary elbow flexioneventually achieved independent, voluntary elbow flexion
II & III may be used directlyII & III may be used directly
Others may also be used but usually require graftsOthers may also be used but usually require grafts



long thoracic, spinal accessory, long thoracic, spinal accessory, 
intercostalsintercostals

Accessory n., especially after first branch to Accessory n., especially after first branch to 
TrapeziusTrapezius, allows some , allows some fxnfxn to remain, also to remain, also 
possibility of delayed muscle transferpossibility of delayed muscle transfer
large series reported by large series reported by HentzHentz, , NarakasNarakas
good elbow flexion in more than half of ptsgood elbow flexion in more than half of pts

phrenicphrenic nervenerve
180 pts, by 180 pts, by GuGu & Ma 1996& Ma 1996
84.6% w/ good flexion84.6% w/ good flexion
Not to be combined w/ intercostalsNot to be combined w/ intercostals





Reconstruction of Irreparable InjuriesReconstruction of Irreparable Injuries

no evidence of recovery after 1 no evidence of recovery after 1 –– 2 years 2 years 
indicates suboptimal plateau (9 indicates suboptimal plateau (9 –– 12 months for 12 months for 
the shoulder)the shoulder)
prerequistesprerequistes for peripheral reconstructionfor peripheral reconstruction

joint mobility, adequate softjoint mobility, adequate soft--tissue cover, absence of tissue cover, absence of 
edema, & adequate strength and length of donor edema, & adequate strength and length of donor 
musclemuscle

shoulder shoulder arthrodesisarthrodesis
LeffertLeffert –– posterior approach, IF w/pelvic recon plates posterior approach, IF w/pelvic recon plates 
over spine of scapula and over spine of scapula and acromionacromion down over the down over the 
proxprox humerushumerus, long lag screw through , long lag screw through glenohumeralglenohumeral
jointjoint
2020--30 degrees of abduction, 30 degrees of forward 30 degrees of abduction, 30 degrees of forward 
flexion, 30flexion, 30--40 degrees of internal rotation40 degrees of internal rotation



Shoulder ReconstructionShoulder Reconstruction
trapeziustrapezius for restoration of abduction for restoration of abduction 

AzizAziz et al, transfer of et al, transfer of trapeziustrapezius to to proxprox. . humerushumerus, , 
preoppreop avg. abduction 3.5avg. abduction 3.5ºº →→ 45.445.4ºº postoppostop, all , all 
subluxationsubluxation correctedcorrected

loss of muscle in paralysis, not replaced by loss of muscle in paralysis, not replaced by 
tendon transfer, not normal strength, mobility tendon transfer, not normal strength, mobility 
and control may be enhanced by multiple and control may be enhanced by multiple 
transferstransfers
LL’’EpiscopoEpiscopo procedureprocedure

insertion of insertion of latissmuslatissmus dorsidorsi & & teresteres major major 
transposed transposed posterolaterallyposterolaterally to enhance active to enhance active 
lateral rotationlateral rotation
LeffertLeffert –– 70% good result, 30% improved70% good result, 30% improved



Restoration of Elbow FlexionRestoration of Elbow Flexion
tendon transfer more predictable than reconstruction of tendon transfer more predictable than reconstruction of 
the plexusthe plexus
prerequisteprerequiste –– functional arc of passive motion in the functional arc of passive motion in the 
elbow, >90elbow, >90
Steindler Steindler FlexorplastyFlexorplasty

Arthur Steindler 1918Arthur Steindler 1918
flexorflexor--pronatorpronator muscles arising from medial epicondyle muscles arising from medial epicondyle 
transposed to a more proximal point on the transposed to a more proximal point on the humerushumerus
active control, useful range against gravity, rarely able to lifactive control, useful range against gravity, rarely able to lift >5 t >5 
lbslbs
Mayer & Green modification Mayer & Green modification –– bony fixation to anterior aspect of bony fixation to anterior aspect of 
humerushumerus

PectoralisPectoralis Major TransferMajor Transfer
Clark 1954Clark 1954
transfer of the transfer of the sternocostalsternocostal portion to be inserted into the biceps portion to be inserted into the biceps 
tendon at elbowtendon at elbow
LeffertLeffert had better results than w/ Steindlerhad better results than w/ Steindler



LatissimusLatissimus DorsiDorsi TransferTransfer
SchottstaedtSchottstaedt et al 1955et al 1955
used less commonly for elbow extensionused less commonly for elbow extension
shares same shares same innervationinnervation, C5, 6, 7, as flexors; often abnormal; , C5, 6, 7, as flexors; often abnormal; 
limited ROM & strength; disappointing outcomelimited ROM & strength; disappointing outcome

Triceps TransferTriceps Transfer
entire muscle brought forward & attaches to biceps tendonentire muscle brought forward & attaches to biceps tendon
impair crutch walking and getting out of chairs in pts w/ bilateimpair crutch walking and getting out of chairs in pts w/ bilateral ral 
diseasedisease

SternocleidomastoidSternocleidomastoid TransferTransfer
obtain excellent flexionobtain excellent flexion
cause web in neck, grotesque manipulation of face and neck to cause web in neck, grotesque manipulation of face and neck to 
activate transferactivate transfer

LeffertLeffert’’ss preferencepreference
pectoral transfer pectoral transfer –– strongest flexion; Steindler strongest flexion; Steindler –– weaker; triceps weaker; triceps 
transfer transfer –– if unilateral & no better alternativeif unilateral & no better alternative



WristWrist
maintain mobility when possiblemaintain mobility when possible
arthrodesisarthrodesis ifif

2 tendons of adequate power not available for flex/ext2 tendons of adequate power not available for flex/ext
interferes with reconstruction of a functional handinterferes with reconstruction of a functional hand
distal ulna as bone graft across distal ulna as bone graft across radiocarpalradiocarpal jointjoint
iliac graft slotted between radius and bases of 2iliac graft slotted between radius and bases of 2ndnd and 3and 3rdrd

metacarpalsmetacarpals

HandHand
should be reconstructed before the remainder of the should be reconstructed before the remainder of the 
limblimb
tendon transfers provide very favorable outcomes, tendon transfers provide very favorable outcomes, 
can not achieve similar results with can not achieve similar results with neurologicneurologic
reconstructionreconstruction











AcromioclavicularAcromioclavicular injuriesinjuries

AnatomyAnatomy
AcromioclavicularAcromioclavicular ligamentsligaments--minimal coronal minimal coronal 
plane stability;  significant stabilizers in AP plane stability;  significant stabilizers in AP 
directiondirection
CoracoclavicularCoracoclavicular ligamentsligaments

Trapezoid laterally, Trapezoid laterally, conoidconoid mediallymedially
Primary SupPrimary Sup--InfInf restraintsrestraints

Deltoid and Deltoid and trapeziustrapezius muscles also assist with muscles also assist with 
stabilizationstabilization



Types of AC injuriesTypes of AC injuries

II
Sprain of AC ligament, CC intactSprain of AC ligament, CC intact
Joint intactJoint intact

IIII
AC joint/ligaments disruptedAC joint/ligaments disrupted
Minimal bony movementMinimal bony movement
CC ligaments sprainedCC ligaments sprained



ContCont

IIIIII
AC joint dislocatedAC joint dislocated
AC and CC ligaments disruptedAC and CC ligaments disrupted
Deltoid and Deltoid and TrapeziusTrapezius usually usually detatcheddetatched from from 
distal distal clavicalclavical
CC space increased by 25CC space increased by 25--100%100%
Variants include:  Variants include:  CoracoidCoracoid fxfx, , physealphyseal injuryinjury

IVIV
Like III except clavicle displaced Like III except clavicle displaced posteriorlyposteriorly
into or into or trapeziustrapezius



ContCont

VV
Like III/IV exceptLike III/IV except
Large disparity between clavicle and scapulaLarge disparity between clavicle and scapula

100% to 300%100% to 300%

Deltoid and Deltoid and TrapeziusTrapezius detached from distal detached from distal ½½ of of 
clavicleclavicle

VIVI
Rare (some say theoretical only)Rare (some say theoretical only)
CC ligaments disrupted in CC ligaments disrupted in subcoracoidsubcoracoid and intact in and intact in 
subacromialsubacromial
Clavicle inferior to Clavicle inferior to AcromionAcromion or or coracoidcoracoid



StudiesStudies

AP and AP and axillaryaxillary of shoulderof shoulder
ZancaZanca (AP w/ 10 deg (AP w/ 10 deg CephaladCephalad tilt)tilt)
StykerStyker notch view (AP w/ 10 notch view (AP w/ 10 CephaladCephalad tilt tilt 
and and HumerusHumerus flexed to 120 deg)flexed to 120 deg)
Stress viewsStress views



TreatmentTreatment

I and III and II
Always nonAlways non--op acutelyop acutely
Occasionally may require late procedure inc Occasionally may require late procedure inc 
meniscalmeniscal debridementdebridement, , mumfordmumford, or AC , or AC 
reconstructionreconstruction

IIIIII
AcuteAcute--mainly conservativemainly conservative-- 11--2 weeks of 2 weeks of 
sling, NSAIDS, early motionsling, NSAIDS, early motion
Operative AC joint fixation/repair, CC fixation, Operative AC joint fixation/repair, CC fixation, 
or weaver/or weaver/dunndunn



TreatmentTreatment

IV and VIV and V
Open vs. Closed reductionOpen vs. Closed reduction
Surgical treatment as for Surgical treatment as for IIIIII’’ss

VIVI
Open reductionOpen reduction
Repair and fixation and/or ligament transferRepair and fixation and/or ligament transfer



Chronic injuriesChronic injuries

Pain is generally treated with distal clavicle Pain is generally treated with distal clavicle 
excisionexcision-- either open or either open or arthoscopicarthoscopic
Instability is usually treated with WeaverInstability is usually treated with Weaver--
Dunn procedure (transfer of CA ligament Dunn procedure (transfer of CA ligament 
from from acromionacromion to clavicle)to clavicle)
Use both if have pain and instabilityUse both if have pain and instability



SternoclavicularSternoclavicular InjuriesInjuries

Joint AnatomyJoint Anatomy
IntraIntra--articulararticular discdisc
Anterior and Posterior Anterior and Posterior sternoclavicularsternoclavicular
ligamentsligaments
InterclavicularInterclavicular ligamentligament
CostoclavicularCostoclavicular ligamentligament

Underlying structuresUnderlying structures
InominateInominate a, Left Common Carotid, L & R a, Left Common Carotid, L & R 
SubclavianSubclavian vv., vv., VagusVagus n., n., PhrenicPhrenic n., Trachea, n., Trachea, 
Esophagus, Internal Jugular v.Esophagus, Internal Jugular v.







PhysealPhyseal fracturesfractures

Medial Medial clavicularclavicular physisphysis does not fuse until does not fuse until 
23 23 --25 years (incomplete union has been 25 years (incomplete union has been 
seen at 31 years)seen at 31 years)
Many Many sternoclavicularsternoclavicular dislocations may be dislocations may be 
fractures through the fractures through the physisphysis up to late up to late 
twentiestwenties



MechanismMechanism

Anterior DislocationAnterior Dislocation
PosteriorlyPosteriorly directed blow to shoulderdirected blow to shoulder

Posterior DislocationPosterior Dislocation
Direct blowDirect blow
AnteriorlyAnteriorly directed blow to shoulderdirected blow to shoulder



Serendipity ViewSerendipity View

40 deg cephalic tilt40 deg cephalic tilt
Pt supinePt supine
Adults tube is 60Adults tube is 60”” from sternumfrom sternum
Children 45Children 45”” from sternumfrom sternum
Set as for CXRSet as for CXR



TreatmentTreatment
AnteriorAnterior

Shoulder retraction and direct pressureShoulder retraction and direct pressure
Immobilize in Figure of eight or sling at least 6 weeksImmobilize in Figure of eight or sling at least 6 weeks
Can consider Fixation if very unstableCan consider Fixation if very unstable

PosteriorPosterior
High incidence of injury to important structuresHigh incidence of injury to important structures
Contact consultant before undertaking reduction if Contact consultant before undertaking reduction if 
suspect complicationsuspect complication
Abduction tractionAbduction traction
Adduction tractionAdduction traction
Sterile towel clipSterile towel clip
Figure of eight for 4Figure of eight for 4--6 weeks6 weeks



OperativeOperative

Open reduction with care to preserve Open reduction with care to preserve 
anterior capsuleanterior capsule
Resection of medial 1Resection of medial 1--11½½ inchesinches
LigamentousLigamentous reconstructionreconstruction



THE ENDTHE END



Law of Seven Seventies (Law of Seven Seventies (NarakasNarakas))
70% traumatic lesions due to traffic accidents70% traumatic lesions due to traffic accidents
70% traffic accidents involve a cycle or motorcycle70% traffic accidents involve a cycle or motorcycle
70% of these pts have multiple injuries70% of these pts have multiple injuries
70% 70% supraclavicluarsupraclavicluar injuriesinjuries
70% of pts w/ 70% of pts w/ supraclavicularsupraclavicular lesions will have one lesions will have one 
or several roots avulsed from the spinal cordor several roots avulsed from the spinal cord
70% of pts w/ root avulsions will have lower roots 70% of pts w/ root avulsions will have lower roots 
C7, C8, or T1 avulsedC7, C8, or T1 avulsed
70% of pts w/ lower root avulsion will have 70% of pts w/ lower root avulsion will have 
persistent painpersistent pain



Experience at the Experience at the BunckeBuncke ClinicClinic
Apr. 2002, MicrosurgeryApr. 2002, Microsurgery

comparable functional outcomecomparable functional outcome
older pts w/ traumatic plexus injuriesolder pts w/ traumatic plexus injuries
use 2use 2--3 intercostals as motor input3 intercostals as motor input
split the spinal accessory to harvest the branch to split the spinal accessory to harvest the branch to 
vertical element of vertical element of trapeziustrapezius; preserve horizontal ; preserve horizontal 
function for movement of shoulder girdlefunction for movement of shoulder girdle
intercostals not used if pt has had injury to intercostals not used if pt has had injury to phrenicphrenic
nerve, to avoid ventilation problemsnerve, to avoid ventilation problems
trapeziustrapezius transfer to deltoid for shoulder abduction, transfer to deltoid for shoulder abduction, 
instead of shoulder fusioninstead of shoulder fusion

retain supple, movable jointretain supple, movable joint
more comfortablemore comfortable
transfer can be reversedtransfer can be reversed



ElEl--GammalGammal et al, Apr 2002,et al, Apr 2002,
MicrosurgeryMicrosurgery

Shoulder fusion and Shoulder fusion and 
freefree--functioning functioning 
gracilisgracilis
transplantation in transplantation in 
patients with elbow patients with elbow 
and shoulder paralysis and shoulder paralysis 
caused by caused by 
poliomyelitispoliomyelitis



BaliarsingBaliarsing, , DoiDoi, & Hattori, Oct. 2002, & Hattori, Oct. 2002
J. Hand SurgeryJ. Hand Surgery

case study of a child w/ bilateral birth palsy involving C5 case study of a child w/ bilateral birth palsy involving C5 
& C6 nerve roots& C6 nerve roots
shoulder abduction, elbow extension, wrist & finger shoulder abduction, elbow extension, wrist & finger 
movements recovered by 1 year of age; elbow flexion movements recovered by 1 year of age; elbow flexion 
did not recoverdid not recover
free free gracilisgracilis transfers at 20 months & 28 monthstransfers at 20 months & 28 months
gracilisgracilis placed anterior to deltoid & upper arm, tendon placed anterior to deltoid & upper arm, tendon 
sutured to radial sutured to radial tuberositytuberosity, origin sutured to , origin sutured to acromionacromion;;
thoracoacromialthoracoacromial art., cephalic vein, spinal accessory art., cephalic vein, spinal accessory 
nerve; nerve; 
reinnervationreinnervation at 3 months on EMG, visible contractions at 3 months on EMG, visible contractions 
at 4 months, active flexion at 10 monthsat 4 months, active flexion at 10 months



DoiDoi, Jan 1997, , Jan 1997, 
Clinics in Plastic SurgeryClinics in Plastic Surgery

double free muscle transfer (on 24 patients)double free muscle transfer (on 24 patients)
1) free muscle (1) free muscle (contralateralcontralateral gracillisgracillis) transfer, ) transfer, neurotizedneurotized by spinal accessory, by spinal accessory, 
for elbow flexion & finger extensionfor elbow flexion & finger extension
2) 22) 2ndnd free muscle transfer, free muscle transfer, neurotizedneurotized by 5by 5thth & 6& 6thth intercostalintercostal nerves, for finger nerves, for finger 
flexion, 2 flexion, 2 –– 3 months after 13 months after 1stst transfertransfer
3) nerve crossing procedure, 33) nerve crossing procedure, 3rdrd & 4& 4thth intercostals to intercostals to neurotizeneurotize motor branch to motor branch to 
triceps, elbow extensiontriceps, elbow extension
4) nerve crossing procedure, 4) nerve crossing procedure, supraclavicularsupraclavicular or or intercostalintercostal sensory sensory ramirami to to 
median nerve, restore sensibility to handmedian nerve, restore sensibility to hand
5) 5) arthrodesisarthrodesis of of glenohumeralglenohumeral joint to increase stabilityjoint to increase stability

resultsresults
all flaps survivedall flaps survived
reinnervationreinnervation of transferred muscles detected on EMG between 3of transferred muscles detected on EMG between 3--6 months (6 months (avgavg
3 months for spinal accessory, 4.5 for intercostals)3 months for spinal accessory, 4.5 for intercostals)
voluntary contraction 2 months latervoluntary contraction 2 months later
elbow AROM varied from 15 elbow AROM varied from 15 -- 120120ºº, flexion power 3, flexion power 3--5, extension power 25, extension power 2--33
finger AROM varied from 40 finger AROM varied from 40 -- 110110ºº, flex power 2, flex power 2--55
sensory restoration in hand was variablesensory restoration in hand was variable



Obstetric/Birth PalsyObstetric/Birth Palsy
traction, fetal traction, fetal malpositionmalposition, , cephalopelviccephalopelvic disproportion, use of disproportion, use of 
forcepsforceps
asymmetric active upper limbs or clavicle asymmetric active upper limbs or clavicle fxfx
contracture (contracture (supinationsupination) & bony deformities (elbow ) & bony deformities (elbow 
region/post region/post subluxationsubluxation of radial head)of radial head)
historically treated conservativelyhistorically treated conservatively
Gilbert 1977 Gilbert 1977 –– 19821982

operated on 100 neonatesoperated on 100 neonates
paralyzed biceps at 3 months paralyzed biceps at 3 months –– indication for indication for sugerysugery
explored each root individually, if 3 intact roots are availableexplored each root individually, if 3 intact roots are available, entire , entire 
plexus is repaired; preference to plexus is repaired; preference to musculocutaneousmusculocutaneous, , suprascapularsuprascapular, & , & 
median nervesmedian nerves
favorable outcome when compared to control/untreated groupfavorable outcome when compared to control/untreated group
HentzHentz & Meyer in 1991 & Meyer in 1991 –– similar conclusionssimilar conclusions

LL’’EpiscopoEpiscopo & rotational osteotomy of & rotational osteotomy of humerushumerus for late for late 
reconstructionreconstruction


