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Diabetic neuropathy remains a national health
concern, affecting 70-25o/o of six miilion diabetics in
the US in 7L)87.' The number of diabetics in the
United States rose to 75 million in 1998.
Conventional teaching states that diabetic
neuropathy is progressive and lrreversible.':
Traditional treatment for diabetic ner-rropathy has

been prophylactic control of hyperglycemia and
pailiative care of foot problems. Despite or:r best
effofis, approximately 150/o of patients with diabetic
neuropathy will develop a foot ulcer.3 In 7996,

67,000 amputations were performed and the
amputation rate remains at 8.6 per 1000 pltients.t'A
review of clinical trials for the treatment of diabetic
neuropathy has concluded that reversing the
development of peripheral neuropathy is the best
approach to its treatment.6
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Our understanding of the pathogenesis of
symptomatic neuropathy, on the other hand, has

been nonprogressive. A theoretical model termed
double crush syndrome was proposed rn 7973 to
describe the development of peripheral neuropathic
entrapment'] (Figure 1). This hypothesis is based
upon metabolic derangement (crush one) plus nelve
compression (crush two), which together set the
stage for compression neuropathy. Thirty years have

since passed since our initial understandings of this
process, and we still have no viable treatment
options available. Recent literature has repofiecl
some success with nerue decompression,o " and
from these minimal yet positive results has stemmed
a growing belief in neurosurgical decompression for
treatment of peripheral neuropathy.

The causes of painftrl sensory neuropathy are

diverse, and they are most easily clarified through
categorization into subtypes. One subtype is referred
to as the smal1-fiber painful sensory neuropathy, and

this subtype has only the A-(delta) (small

myelinated) and nociceptive C (unmyelinated) nerve
fibers affected. Repofis have indicatecl that this
subrype is the most common type of painful sensory

neuropathy in patients older than 50 years of age.

This small-fiber subtype remains vastly under-
diagnosed, and in most cases, no callse can be
found."'r A second subtype of painful neuropathy is
associated with additional damage to the larger
nerue fibers A-(beta) and A-(a1pha). These large

fibers are responsible for proprioception, vibratory
sensation, muscle-stretch reflexes, and muscle
strength. These two subtypes share the pain
associated with damage to smal1 nerve fibers. For
these patients, the pain is life-altering and does not
respond well to consetvative treatments.

Clinically, painful sensory neuropathy can

perplex and frustrate even the most accomplished
physician. A firm comprehension of neurological
terminology as it relates to the lower limb provides
a sturdy foundation upon which to proceed.
Althougl-r pain is a normal protective response,



264 CHAPTER 51

persistent pain will significantly alter patienr
livelihood. The pain associatecl with neuropathic
pzrin can occur n ithout provocation, such as pain
associated with burning and paresthesias. AIso, the
pain can be stimulus-provoked, such as the pzrin of
hyperalgesia or allodynia. Typical symproms
associated with neuropathic pain include burning,
sharp, shooting, or aching pain. Sy-mptoms are
associated with subjective descriptions such as
tingling, pins-and-neeclles, nurnbness, feeling tight,
wooclen, or dead feet. These symptoms are most
prevalent at night, however some patients r,vil1

describe pain with standing or walking, which may
obscure the diagnosis. A thorough patient history
rvill assist distinction from plzrntar fasciitis, arthritis,
bursitis, tendonitis, etc. Lumbosacral radiculopathy is
often associatecl with paraspinal muscle spasm and
is aggravated by lifting activities. Entrapment of the
posterior tibial nerve at the tarsal tunnel (tarsal
tunnel syndrome) may callse pain in the toes,
thereby presenting as painful sensory neuropathy.15

Once diagnosed, eluciclating the subrype of
painful sensory neuropathy involves closer
inspection. An abnonnal loss of pinprick sensarion
in the feet is seen in the typical srnall fiber sensory
neuropat\ affecting patients olcler than 50 years of
age.'r The sensation of touch may be diminishecl
although other types of sensation are preserwed.
Conversely, pain associated with both small and
large nen/e fibers involves adclitional loss of
proprioception, mnscle-stretch reflexes, and
muscle strength.

Specific clinical signs may help clarily a
diagnosis in the scene of peripheral neuropathy.
Traditionally, the Semmes-\fleinstein monofilament
(n 5.07) has been commonly employed in identify-
ing an individual witl-i diabetes wlto has lost
protective sensation. However, this method presents
many shortcomings. The monofilament represents a
cutane()us pressllre threshold of greater than 90 gm
per mm. If a patient lails to have sensation to
this monofilament, then the degree of diabetic
neuropathy is often irreversible. A positive Tinel sign
(tingling in the region serued by a percussed nerve)
indicates the progress of nerue regeneration. This
test is commonly misinterpreted as a positive Tinel
as a preh,rcle to complete regenerative potential of a
damaged nelare.'(' This test has varied ob.jectivity in
that the fbrce of percussion will vary, and the
subjective perception of radiating tingling will also
fluctuate. Howe\rel', a positive Tinel sign is believed

to be the single most va1ic1 prognostic sign
indicating a positive olltcome with peripherzrl netve
decompression.lT'e Percussing areas of known
anatomic narrowing will offer evidence of possible
restoration of sensibiliry. Recently, the Pressure-
Specifiecl Sensory Device'"' (PSSD) has been
der.eloped as a noninvasive test to identify nerve
compression by measuring the pressure required to
distinguish one from tlvo points tor:ching the
skin. This test quantifies axonal degeneration at
subclinical levels, but is not without its weaknesses.
\(/ith PSSD, there is a high learning curue for the
clinician, the clinician mllst instmct the subject
correctly, and the test requires a communicating
patient u.,ho unclerstancls the procedure. More
recently. high resolution ultrasonography has shown
a sensitivity of B0% and a specificiry of 970/o in
diagnosing peripheral ner,rropathy.,0 However, the
literature has yet to ciarify the use of cliagnostic ultra-
sound with painful sensory neuropathy in the lower
extremity.

The initial diagnostic evaluation must inclucle
electromyography (EMG) and nerve-conduction
studies (NCS). These electrocliagnostic studies are
usefui for iclentifying a mononer-rropathy (e.g. tarsal
tunnel syndrome or focal nen/e entrapment tt
the tarszrl tunnel), clifferentiating multiple mono-
neuropatity from polyneurropzrthy (symmetric), and
distinguishing axonal ner-rropathy (e.g. diabetic
ner-rropathy) from demyelinating neuropathies.,,

'When clarifying the cliagnosis of painful sensory
neuropathy, a normal set of neurocliagnostic studies
directs the physician tou.,ard pure smal1-fiber
neuropathy, and further testing is warranted. The
sudomotor-axon reflex test (u.hich qllantitates
sweating) is a practical, highly specific, and
approximately 80% sensitive test for documenting
small nerve fiber damage." A skin biopsy will offer
higher sensitivity with demonstration of loss of
intraepidermal nerue fibers.l2,lr Quantitative sensory
testing is less sensitive and less specific than skin
biopsy or suclomotor testing.'-r''i The aim of
quantitative testing is to measure pain and tempera-
ture thresholds in the skin.'r Performance, hower.er,
is entirely dependent upon patient cooperation and
attention.2l

Conserwatiye lnanagement of painful sensory
neuropathy is initially guided by rrearment of any
underlying condition, which is beyond the scope of
this aticle. Painful neuropathy, irrespective of the
cause, is managed through cliff-erent pharmacologic
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strategies. The tricyclic antidepressanls are the most
thoroughly studied medication fcrr the relief of neu-
ropathic pain.2a Blockage of serotonin and
noradrenaline reuptake presumably leads to pain
relief through inhibition of the sodium channel.
Approximately one third of patients achieve a 50
percent reduction in ner:ropathic pain.':5" Responses
to tricyclic anticlepressants, however, are clinically
insufficient, and the side ef'fects associated with high
dosage levels often lead to discontinuation of the
medication, especially among the e1cler1y.

Selective serotonin-reuptake inhibitors have a

lower efficacy than that of triryclic anticlepressants.'S3"

Venlafaxine (Effexor), a recluced-bincling anti-
depressant, has feu'er sicle eff'ects than tricyclic
antidepressants, and it has been found beneficial
for patients with cancer-related painful sensory
neuropathy.r' Bupropion (Wellbutrin, Zyban'),
a second-generation, specific inhibitor of norepi-
nephrine reuptake, has been shown to diminish
neuropathic pain by 30 percent in a sk-week study
of 41 subjects with painful neuropathy.r'
Carbamazepine (Tegretol), which stabilizes
membranes by inhibiting soclium channels, has a

benefit in diabetic neuropathy similar to tricyclic
antidepressants, although intolerance to its side
effects has limited its use.33 Phenyoin, another
sodium channel blocking medication, is rarely used
as first-line tl-rerapy for neuropathic pain. A recent
sma1l study, however, has repofiecl reduction in pain
due to neuropathy after a single intravenous
infusion of phenyoins' Gabapentin (Neurc)ntin) has

been found to have efficacy equai to that of
amitriptyline (Elavil).3' Reduction in neuropathic
pain requires doses higher than 1600 mg per day.
Gabapentin has a favorable side eff-ect profile over
other agents, although neady 25 percent repofi
dizziness, ancl 30 percent report sedzrtion.
Lamotrigine (Lamictal) has been repofied to provicle
moderate pain relief $,ith minimal side effects in a
single small trial of sr-Lbjects with diabetic or HIV-
associated neuropathy.16 Mexiletine (Mexitil), the
oral analogue of lidocaine, has been studied with
contrasting results, and further testing is indicated to
provide clarification.rT r3 Dextromethorphan has even
been fbuncl beneficial for treatment of painful dia-
betic neuropathy in a few controlled stuclies.r''r;

Hou,evel patients must tolerate the sicle eff-ects of
sedation, memory impainnent, ataxia, and motor
in-coordination. A single srna1l study of levoclopa, a

dopamine agonist, has demonstrated a reduction of
pain in diabetic neuropathy.'i"

Data is sparse regarding the effects of opioid
analgesics on painful sensory neuropathy.
Oxycodone (OxyContin) has been reported
beneficial for painful post-herpetic neuralgia.i'
Levorphanol (Levo-Dromoran) has been
clemonstrated to reduce neuropathic pain by 36
percent, however the higher doses required fbr
effective p:rin relief were associated with frequent
side effects (itching, mood changes, weakness,
confusion). Tramadol (Ultram) is a non-narcotic
analgesic that is u,'e11 tolerated and less likely tct

cause dependence and lead to abuse. The efficacy
of tramaclol has been reported similar to that of
tdcyclic antidepressants and levorphanol.r''te Side

effects of tramadol include naLlsea and constipation
in 20 percent, ancl headache or somnolence
in 15 percent.

Topical medications have fbund limited use in
the treatment of painful ner-rropathy. Capsaicin,
which depletes substance P from sensory nerves in
the skin, has proven inconsistent in different
studies.;0;'At least three str-rdies have shown
moderate efficacy in diabetic neuropathy.5"i
One conseqLlence to its discontinuance is the
exacerbation of paln with initial applications.
Lidocaine patches reduce ectopic neural discharges
in superficial nerwes, and some patients may benefit
from patches trimmed to match a particr:lar
geographic area of excessive pain.

Current therapeutic strategies of painful
sensory neuropathy result in a dismal 30 to 50
percent reduction in pain. This reduction is rarely
sufficient for pain relief. Adclitional studies,
including randomized trials, are warranted to
measure the pain-relief efficacy of many of the
aforementionecl medications. \[ith current eflorts
aimed at varied targets along the pain pathway, it
rernains uncefiain whether adequate pain relief can
be garnered from multidrug therapy. Furthermore,
no guideiines curently exist for the pharmacologic
approach to painful sensory neuropathy. Mendell
and Sahenk have suggested the use of gabapentin

900mg per day increasing to 3600mg per day if
needed. If pain persists or if the patient cannot
tolerate the side effects of gabapentin, then tramadol
may be addecl. Many choices exist fbr the acldition
of a thircl medication, if needed. If a three-drug
regimen does not provide adequzrte pain relief, then
substitution with a narcotic medication is advised.
Despite exhaustive efforts on the pal1 of many
physicians, the patient is often undermedicated and
their pain is left untreated. Patients mt'lst understand
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that complete relief of neuropathic pain is
uncommon with current medications, and
alternative therzrpies are available albeit unproven in
the search for relief of painful neuropathy.

Severai surgical techniques address the
damaged nerve, including neurolysis,;t transection,5(,t; containment procedures,s6'63'71'12'16 r8 balier
proceclures,;e -e s3 a n6l peripheral nerve stimulation.so,sa
8" The proceclure of choice varies per patient and is
dependent upon many factors. Vein wrapping and
peripheral nerve stimulation procedures have been
shown beneficial in reducing chronic intractable
nelve pain that has been unresponsive to non-
operative and operative treatment effofis.e0

One treatment for painful diabetic neuropathy,
u,,hich has been gaining momentllm in recent
literature, is neurosurgical decompression of
peripheral nelves. The underlying premise in neuro-
surgical decompression involves irnprovernent of
sensoq/ function in diabetic individuals with
peripheral sensorimotor polyneurropathy. Ry
comparing the symptoms of diabetic ner:ropathy
with those of chronic nelve compression, the belief
is that alleviating compression ar a specific
location(s) will 1eac1 to reduction of patient
symptomatology. This approach s,as first reported
clinically in 7992 and has been steadily increasing in
popularity. The treatment aims to directly zrddress a
main component of the previously mentioned
double crush hypothesis, that of specific sites of
anatomic nelve compression. In the loner extremity,
there are three known sites of anatomic nerrowing:

1. on the lateral calf distal ro rhe head of the
fibula" n'

2. within the tarsal tunnelr;e-
3. on the dorsum of the foot at the bases of

the first and second metatarsals, where the
extensor hallucis brevis tenclon crosses
obliquely over the deep peroneal nele
bfanches.e,

The proceclure for neurosurgical clecompres-
sion of peripheral nenres is performecl using spinal
or general anesthesia, loupe magnification, ancl a
pneumatic thigh tourniquet.

1. The common peroneal nele is identified
distal to the fibr-rlar neck on the lateral calf
thror-rgh an incision involving the peroneus
longr-rs rnuscle, n'hich is a documented site

of peroneal nefl/e compression.'i't' The
superficial fascia of the superficial head of
the peloneus longus muscle is released
through a transverse as w-ell as a proximal
and distal transection of this fhscia. Once
the deep fascia of this mr-rscle is incised
and the peroneus longus muscle is
retracted anteriorly, the common peroneal
nerve is exposed into the wound. Gentle
retraction of the nelve superiorly off-ers
deep visualizatron of any fibrous bancl or
fzrscial sheath on the surface of the deep
head of the peroneus longus muscle, which
is then divided. The final site of corrmon
peroneal nen/e compression is found at a
fibrous connection betu,.een the peroneus
longus zrnd the soleus origin fiom the
fibula. This connection is released as well
as any fibrous adhesions deep to the
mllscle.")' tWhen the surgeon's finger can
pass along the nerue and into the
anterolateral compafiment of the leg,
decompression of the common peroneal
nerve is complete. Pafiicular care must be
made to presefl/e any nelve branches
inneruating muscle in this region.

2. The posterior tibial nerve and its branches
are decompressed by a technique releasing
four medial ankle tunnels: the tarsal tunnel,
the n-redial plantar tunnel, the lateral plantar
tunnel, and the medial calcaneal tunne1.8e,")'
r0; An approximately 10cm curvilinear
incision is made posterior to the nredial
malleolus extending distally along the
abductor halh-rcis muscle. Blunt dissection
is then perfbrmed to gain access to the
posterior tibial neurovascular bundle.
Metzenbaum scissors are utilized to incise
the thircl compartment of the flexor
retinaculum, and red and yellow vessel
loops are placed arouncl the afiery and
nelve) respectively. Suction peanuts are of
benefit at this level for visualization. Ttre
tibial nerve will be located deep and
posteriol'to the posterior tibial artery. The
nele is gently freed along the length of
the incision. The fascia overlying the
abductor hallucis muscle is releasecl, and a
freer elevator assists the gentle gleaning of
the muscle fibers from the deep fascia. The
thicker fascia deep to tlte abcluctor muscle
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belly is incised with metzenbaum scissors,

being careful of the immediate nature of
the r:nderlying nerue pathw2ly. At this
time, a septllm is apparent between the
medial and lateral plantar nen/es as they
descencl into the plantar vault via the porta
peclis. This intraneural septum is transected
with metzenbaum scissors. The porta pedis
is then decompressecl by insefiion of the
surgeon's finger into the plantar vault.
Venous branches or varicosities, which
may be pressing on the nefl/e, are resected
after ligating with 3-0 vicryl hancl-ties. At
this point, the decon-rpression of the poste-
rior tibial nerve is surgically complete.

3. The deep peroneal nelYe is decom-
pressed through a longitudinal incision
over the bases of the first and second
metatarsals. Resection of the extensor
hallucis brevis tendon as it crosses
obliquely conf'ers decompression to the
deep peroneal nele. Resection of any
osseous prominences or cystic lesions is
aiso perfbrmed at this tirne.'n'i

Nominal closure of rhe deep fascia is performed
with a 3-0 absorbable suture, and the superficizrl

fascia is closed w-ith a 4-0 absorbable suture. Care is

made to minimize suture pressure onto any neural
strLrctures. The skin is then closed with the sllrgeon's
suture of choice. Placement of a Penrose drain into
the tarsal tunnel incision rnay help alleviate wound
dehiscence. The patient is then placed, prior to
awakening from anesthesia, into a Jones-type cast.

Immecliate ambulation in a postoperative shoe is

permitted, and the administration of oral antibiotics is

at the cliscretion of the sr-lrgeon. The drain is

remorred 48-72 hours after surgery, sutllres ate
renroved at 2-3 weeks, ancl return to regular shoe-
gear is attemptecl at three weeks.

Recent publiczrtions have demonstratecl
positive results regarding the sensory benefits of
peripheral nerve clecompression in diabetic
patients.s rr'ro; Hov'ever, evidence suppofiing surgical
decompression of peripheral nerves has not been
sufficiently demonstrated. Although some arlicles
suggest a causal relationship belween decompres-
sion and improved sensibility, the evidence-based
sr-rppofi is sparse ancl incomplete. The clinical
significance of these early reports has yet to be

determined, and the decompression of peripheral

nelves for cliabetic neuropathy should be limited tcr

closed trials r-rnti1 controlled and valiclated evidence
has been ascefiained. The current body of literature
cefiainly provides a sound foundation for the design
of a comprehensive and definitive study. Untii the
completion of such research, surgical decompres-
sion of peripheral nefl/es for treatment of diabetic
peripheral neuropathy must be approached w-ith

caution. Further investigation has the potential to
drzrmatically alter the course of diabetic foot care.

REFERENCES

1. Nlelton L.l. D,vck PL. Epiclemiology. In: Dyck PJ, Thorn:Ls PK,
'$(lingrad AI. Porte E. ets. Dial)etic nettropathv. Philadclphi:r:\fiT3

Sar,rnders; 1987. p. 27-35
2. \il'atkins 1J. Netural history of cliabetic neuropathies Ql Med

1 990r77:1209-18.
3. Reiber GE. 'I'he epidcrr-riologv of cliabetic lbot ptoblems. Diabet

xted 1996:12:56-11.
4. Asbury AK. Pofic D Jr: Arnerican Diabetes Association Clinical

Pr:lctice Rccommencl:rtions 1995. Consensus Statement on
Di2Lbetic \europathy. Dicrl't Ctare 1995;18 (Suppl 1):i3-il

5. t,lS Department of Ilealth and FIuman Services Diabetes
Suneillance, 1993. Atlanta: Centers fbr-Dise:rse Control 1993.

(r. Pfeif-el NIA & Schurner MP: Clirticctl'frials ctJ-Diabetic
Netrrctl athy: Pdst, Prcsent. ctttcl h-ttture l)iabetes 1'995; 11:735i 67.

7. LJptorr AR, N'lComas A J. Hypothesis: The double crush in nen'e
entrapment synclromes. Lancet 197 3:2:359

8. Asznrann C)A. Kress Kl4. Dellon AL. Ilesults of cleconlprcssion of
peripl]era1 nen'cs in cliabetics: a prospcctive, blincled study. P/rz.sl

Rec.)nst r SutE 2000r 1tl(r:816-22.

9. Ch:rfee H. Decompression of peripheral nerr"es for di:lbetic
,1.Lrr',p.rth1 . Plttsl RLL.rttl:tt' \r/8 2r rOU l0(':hl.t-i

10. Delkrn AL. 'l'reatment of svmptomatic cliabetic ncr'rr-opathy by

sr.rrgical clecompression of rrr-rlt\lle peripheral ne*'es. J Plt'rst

ReL',1 t:l t' \i//'g IOr)2 xo',xr)-()-
11. \ffien'ran TJ. Patel VG. Tre:ltnlcnt of hyperesthetic neuropathic

pain in diabctics: decompres:jion of the larsal tunncl. Artrt Surg'

7L)95:227:660 5.

12. Holland NR. Stocks A, HalLer P, Colnblath DR, Griftin JV,
N'IcArthur.fC. Intraepiclerm:rl neLve libcr delrsit,v in paticnts n-ith
painful sensory nenropathy. Neurttlctgy 1997148:70f3-1 1.

13. Lacomis D. Sma1l fiber neuropathy. Mnscle it'en:e 2002;26:173-88.

71. Peri.lllct MI, Novak Y. Collins NIP, et al lreinfirl sensory

ncuropath-v: prospective evaluation using skin bkrpsy. Arezrrology

79c)9tiJ:7617 7.

1>. Oh SJ, N1eve r Rl). Entrapment neulopathies of the tibi:rl
(posterior tibi:rl) nerve. it'ett,rttl Clin 7999 

1 
17 :5t)3-61.5.

lu. Dar is [\. Pltt<l Rct.utt.ilt'\'1ii-q ]U0 l: I I l:'1')zi-o.

17. Lundburg G. N-errc Inltr.ry and Repctir, ChLtrchill Livingstonc.

t9.

20.

21 .

22.

23

Ncrv York 198E.

NI:rc Kinnon SE, De1lon AL. Stugery' oJ-the Peripheral Nerues'

Thieme, Nen, York 1988. p. 79.
Tine1.J. The tingling sign in peripheral ncrve lesions. In IniL{ries
to tbe Major Branches cf Peipherctl h"ert.es of'the Forr:ann. ed,

Spinner NI. Sar.Lnders. Philaclclphia 197E, 8-13.

Beekman R. Neurologlt 2004;62:1 67 -7 3.

X'lenciell JR, Barohn RJ, Iireirncr NltL, ct al. Randonlizecl controiled
trial of IVIg in untreatecl chronic inflammatoly clenlyelinating
polyradiculonerLropatl-ry. NeuroloSltt 2OO 1;56:415'9.
Stes,'art ..1D, Lon PA. Fealey RD. Dist:rl sn-re1l fiber neuropathl':
rcsr-rlts of te sts of sn'eating and autonomic carcliol':rscular

ref]exes. M uscle Nerue 7992;75 :661-5.
Dvck PJ. O'Bricn PC. Quantitative scnsatiolr tcsting in epiclemio-
logical ancl ther:rpeutic str.tclies of peripheral neutopathy. ,il'Iiz-scle

Ne nte 1.999 :22:659 -62.

1E



268 CHAPTER 51

24.

37

34

a]

43

Sindrup SH, Jenscn TS. Pharmacologic treiltunent of pain in
polyneuropa thy . Nettro lctgy 20OO ;5 i :9 7 5 -20.
McQu:ry HJ, Tramcr M, Nye BA. Carroll D, \Viften pl, Moore RA.
A systematic revien, of anticlepressants in neuropathic piln. parin
7L)96:68277-27.
McQuay H.J, Carroll D, Gl1,t'rn CJ. Dose-response frrr analgcsic
et'ibct of an'ritriptyline in chronic pain. Anaesthesia 1993:.,i8:281-5.
Sindr-r,rp SH. Jensen TS. litlicacy of phamacokrgicai tteatments of
neuropathic pain: an upchte ancl ef'fect relatecl to mechanisrn of
drug action. Pain 7999;83:389it00.
X4ax MI3, Lynch SA, Muir.l, Shoaf SE, Smoller B, Dubner R. Effects
of desipr:lmine. amitdptvline, and fluoxctine on pain in cliabetic
neuropathy. N Erryl./ Metl 7t)92;326:725U6.
Sinclrup SH, Gran'r LF, Rroscn K. fishoj O, Nlogensen EF. Tl-re
selective scrotonin rcuptake inl-ribitor pafoxetine is eflecrivc in
the trcatment of diabetic neuropathv slrfitptoms. pairt
7990;12:L35-11.
Sindrup SH, I3jeuc Lr. Dejgaarcl A, Brosen K. Aaes Jorgcnsen T,
Gram LF. Thc selective serotonin reupt:rke inhibitor citalopram
relieves the symptoms of drabetic ncurop:rthy. Clin phamtacol
Ther 7992;52:51f-52.
Tasmnth T, H:rrtel B, Kalso Il. Venlirfaxine in ncllropilthic p:rin
fbllowing treatment of brcast ctnccr. LurJ Pain 2002:6:17 )+.
Scmenchr:k X{R. Shennan S, Dar-is R. Double-blincl, ranclomized
trial of bupropjon SR fbr the treatnlent of neuropathic pain.
Ne ttro ktgy 200 1 ; 57: 1 583-8.
RrLll .f, Quibrera R, Gonzalez-Millan H, Lozano Castaneda O.
Symptomatic treirtntent of per-ipheral diabetic neurop,Lth), srith
calbarnazepine (Tegretol): clouble blincl crossover trial.
Diabetologia 196915:215 8.
NlcCleane GJ. Intravenous infirsion of phenytoin relicves ner,Lro-
pathic pain: a randomizecl doulrle-blinded, placcbo controllecl,
crossover strtdy. Anest h Analg 7999 ;89 :985 -8.
,\{orello CM, I-eckband SG. Stoner CP. Ranclomizecl double-b1ind
study corlrparing the cllicacy of gabapentitr $.ith amitript-v1ine on
cliabctic peripheral nellropathy pain. Arcb Intern Med
7999759:t931-7 .

Simpson DNI. Olney R, NlcArthlrr.]C. Khan A. Goclbold -J, Ebel
Frornmcr K. A placebo controlled trial of lanotrigine fbr painfr-rl
HIV-associatecl peripheral neuroparhy. Neuroktgy 2OOO:i4:2175 9.
Dejgard A. Petcrsen P, Kastrup J. Mexiletine fbr treatment of
chronic painful cliabctic neuropathy. Iancet 1988:7:9-71.
Kastmp J. Pctcrsen P. Dejgarcl A, Angelo H. I{ilsted J. Intritvenous
lickrcaine infusion - a new trcatment of chronic painfi-il cliabetic
neurop:ithy? Pdin 7987i28:69 75.
Kemper CA. Kent G, Bllrton S. Deresinskj SC. A.,Iexiletine for IIIV-
infectecl patients rvith painful peripheral nellropathyr a
clor-rble$lind, placebocontrollcd. crosso\.er treatment triitl. Jf
AcqL{ir Immune DeJic Syndr Hum Retrot:iroL 791)8:79:367-f 2.
K:icburtz K, Simpson D, Yiannoutsos C. et al. A randomize.l trial
of amitripNline ancl mexiletine fbr p:rintirl neuropathy in IIIV
inl'ection. Netrrutl ogy 1998;51 : 1682-8
Osk:rrsson P. Ljunggren JG, Lins PE. Efllcacv ancl safety of
mexiletine in the treatment oI painfr.rl .liabctic neuropathy.
Diabeles C'dre 7997 i20:759./+-7 .

Stracke H. N1cyer UE. Schumacher HE. Federlin K. Nlexiletine ir-r

the treiltment of d:iabetic neuropathy. Diabetes Care
1992r 1 5:1 550-5.
Wright JM, Oki JC, Gravcs L IIi. N{exiletine in rhe svmptomatic
Ire:rtment of diabctic peripheral neuropathl.. Ann Pbc,trmacctther
799f :37:29-31.
Nelson KA. Park KNI. Robinovitz E. Tsigos C, Mar NIB. High-closc
oral clextromethorphan versus placebo in painful diabetic
nerLropatiry and postl'rerpetic neuralgia. Neurology 1997 \18:7212-8.
Sang CN, Booher S. Gilron I, Paracla S, Nttar NIB. l)ertromethorphan
and ment:rntine in painful diabetic ncuropathy ancl posthcrpetic
ncuralgia: efTicacy and dose 1'esponse trnls. Anesthesiolog.y
2002:96:7()53-61.
Ertas M, Sagcluyu A, Arac N, Uludag B, Ertekin C. Use of lev-
ociopa to relieve pain fiom painftrl syntmetrical diabetic
polyneuropathy. Pain 1998;15:2i7 9.
\I/atson PN. Babul N. Ettlcacy of oxycodone in neuropathic pain:
a ranclomized trial in posrherpetic neuralgia. Neurology
1998r50:1837-41.

Harati Y, Gooch C, Su-enson M, et al. Double blincl randomizecl
triai of tramaclol for thc treatment of thc pain of cliabctic
ncuropath.v. L'ettro kryy i998; 50: 18,i2-6.
Sinclrup SH, Ancicrscn G, Nladsen C, Smith T, Brosen K, Jcnsen
TS. Tramaclol lelieves pain and allocll,ni:r in polyneuropathy: a
randomisecl. dor,rble-blinc1, controllecl trial. Pain 1 999;83:85-90.
Lon- PA. Opfcr-Gehrking 1'L. Dyck PJ, Litchy \tflJ, O'Brien I,C.
Dor,rble blincl, placebo-controllec1 stud1, of the application of
caps:ricin cream in cl.rronic distal paitrftrl poiyneuropatl:ry. Pdin
1995r62:163-8.
Paice JA, Ferrans CE. I-ashlcy FR, Shott S, Vizgirda V, t,itr-ak D.
Topical capsaicin in the managemcnt of HIV-associatecl
periplrerai neuropathy. J Pctirt S1-mptom l[an.lge 2000:19:47-12.
Scl'ref}ler NM, Sheirel PL. Lipbn N,lN. Trearment of painful
dialretic nelirop:rthy with capsaicin 0.075a/0. J Am Podi.fir lte(.l
,,1.iroc 1991r81 :288-93.
Tandan R. Lewis GA, Krusinshi PI), Badger GB. Fries T.J. Topical
caps:ricin in painful diabetic neuropathl,: controlled stucly with
long-tcnr follow-r,rp. Diabetes Care 7992;75 :B-71.
The C:rpsaicin Siltdy Grolrp. Trcatment of paintul cli:rbetic neu-
ropatlly with toplczLl capsaicin: :r mr:lticenter, clouble b1ind.
vehicle-controlled studv. Arcb Intern Mecl 7991 ;757 :2225-9.
Skalley TC, Scf ion LC. Hinton RY. et al. Clinical resr,rlts follon,ing
rcvision tibial nerue release . l;ctot Ankle Int 199475:360-7.
B:rrbera -J, All>ert-Pamplo R. Centrocentral anastonrosis of the
proxirnal ncrnc stlllnp in the treatmcnt of painlul amplrtxtion
neLrromas of rna jor nerves. ./ l-ezr ros u rg 7L)9 3 ;7 9 : 3 3 7 - 4.
Il:lttista A, Cravjoto H. Neurorna tbrmation ancl prevention bv
frrscicle ligation in the rat. Neurosu?get-t 19iJ1;8:191 20lr.
Rattista AF. LrLsskin Il. The analomy :rnd pl-rvsiology of thc
ircnplreral ncrye. Foot Ankle 1{)86tJ:6i-7O.
I3rorvn H, Flynn JIl. Abclomin:Ll pcclicle flap fbr hand nellromas
and entrirppecl nen es. .[ Bone Joitlt .] Lffg Ant 791 3;55 :57 i-9.
Dellon Al. Aszmann OC. Treatnlent of sr-rpcriicial ancl deep
peroneal neurorlas by resection :rnc1 translocation of the nen'es
into thc anterolateral comparlmcnt. Fc;ot Artkle In.L 1.)98;IL):3OO-3.
Dellon AI-, NlacKinnon SE. Srrsceptibilitl, o1 ,n" supcrficial
sensory branch of thc raclial ncrve to lbnn painful nellromils.
J Hand Sttrg 7984.,9:12 5.
Cloldstein SA. Str-rrlm HS. Intraosseous nerle transposition for
treatmcnt of painful neurornas. rllland Surg 7985;70:2JO-1.
Clorkisch K. Boese-lancigraf J, Vaubel E. Treatment ancl
pre\ention of amplrtation nellrontas in hand srugcry. P/asl
Reconstr Surg 1984:7 3 :293-9.
Hernclon JH: Neuromas. ln Green Dl'. Hotchkiss ltN (eds).
Operdtiue Hcutd StLtgery. Ed 3. Nes,' York, Churchill Livingstone
1387-1100, 1993.
Herndon .lH, Eaton RG, Littler -J\V. Nlanagemcnt of painful
ne Lrromas in tlre l'rand. ,I Bone Joint Surg Ant 7r)76;58:369-- 3..
Herndon .JH, Hess AV. Neurornas. In Gclbcrman RI.I (ec1).
()Perdtiue Nen)e llep.tir .tnd l?econsh-uction. Phtla.clclphia, JB
Lipl)incott Co 1525 15,i0, 1991.
Karev A, Stahl S. Treahlent of painful nerv'e lesions in the palm
by "rercruting" of the cligit:rl nen,e. ./ Hantl Surg 7)86:77:5))-1t2..
N{ass DP, Ciar-rci ,\{C, Tortosa R, et al. Treatment of painfirl hand
nelrronrirs by their tr:rnsf-er into bone. Plast Recctnstr Su.rg
198471:782 5.
Otfir-rorvski f, Pau,elec A, K:rlnza J: Implantation of peripheral
ner-rral stump into muscle and its ef}ect on the clevelopment of
p(,5llrauilrali( ncurornJ. Pot J Pnthc't lgO t: ti: 19; 2a2
Petropoulos PC, Stefunko S. Experimental obscrv'ations on the
prevention of netrron-ra fbl-nation.,/ Sarg Res 1961:1:217-8.
Ilobbins '1'H: Nen-e capping in the treatment of troublesome
terminal nelrrolrilta. B r J P 1.1 s t S Lt rg 7986 ;3c) : 239 - 10.
Sunclerland S. Nerues and Nerve lnjuries. Ed 2. Ncn, York.
Churchill Livingstone 1978
'l'upper JV', Booth DM. Treatment of p:linfirl neuromas of
sen:iory nerwes in the hand: a co1]rparison of traclitional ancl
new-er methocls. J Hanrl St.rrg 1976:71':744-57.
liflhipple RR, I-lnsell llS. Trcatmcnt of painful neurottas. Ortholt
Clin North Am 7988 z:LL):175 85.
jfiiilliams I1B. The painful stump neuroma ancl its treatlnent. C/1ll
Plctst Surg i98,1;11: 79 11,1.

,i8

t9

25

'26

21

28.

2r)

JO
53

54

5).

56.

51

)8.

5r)

60

32.

33

62

64

35

36.

313.

)9

10

41

12.

i0.

51

i2

65

66.

6i

68.

69

70

t1 .

73

74

61

63.

11

46

f2.

47 77



CHAPTER 51 269

(l )

93

95

96
97

99

100

l0l

.)1

c)ll

78.

79.

80

ti1

82.

133

8'1

76

77

87

Rarlrere .J, GonzalczJ, GiilL. et al. The quality ancl cxtension of
nerye flbre regeneration in the centrocentral anastonosis of tl.re
per-ipheral netyc. Act.l NeLtrocbir (\Vien) 1!88;41 (Suppl): 205 9.
Kon NI, Bloem Ll. The treatment of amputation neurr)m;rs in
fingel's \\,ith 21 ccntrocentral nerve union. Ann Plast St.u'g

1987r18:506-10.
Lickrl C. Hell RL. Nr,rnley JA. Centrocentral 2lnastot'nosis w-ith
autologous nen,e gr:rft treatment of fbot and ankle neurornas.
Frnt Artkle lnt 1996:1f :85-8.
Carnpbell JT, Schon LC. Burkhardt LD. Histopathologic findings
in autogenous saphenous r.ein graft u,rapping fbr lecurrent tarsal
tunnel syndromc: A c.rsc report. F(nt Ankle Int 7998:19:f 66-9.
Goulcl .lS. Tre.ttment rJ the PctinJill h'tit.trecl Nente In a-ontiruli|y.
In Gelbcrrnan GH (ed). Operative Ncrr.c Repair and
Reconstrliction. l,hilaclelphia, JIJ Lippincott Co 1541-1550, 1991
Nlasear VIl, Bonatz E. Painful Neuron-ras of thc Lox,cr Extremity
and Postneurectomy Pain. In Omer Jr GE, Spinner NI, Van Reek
AL (ecls). il[.t7t.tgemetft ctl Peripheral Nerue ProbLents. Ec1 2.
Philadciphia, Y,B Saunders Clo 151-156, 1998.
Xllase:rr V]1. Tulloss JR, St. N{ary. E, et al. Vcnous wrapping of
nclycs to prevent scarttng,../ Hand Surg 79t)();75:817 8.(Abstrxct)
Sotereanos DG. Cliannakopoulos PN. tr{itsionis GI, et al. Vein
graft wrapping for the tre:rtment of rccrurrent compression of thc
ttrediln nerrc. Victosttr?tty loo5 lrr'-il r'.
Krarres ES: In'rplantable Technokrgics: \Yhen to tise Spinallt-
ArJm.inistered Opioids or Spin.tl C'nrrJ Stintulctticnt. An Algoritbnt
JbrDecisictn-Making.In CampbellJN (ecl). I'ain 1996 An t,pclatecl
Revierv. llefresbcr Course Syllablls. Seattlc. International
Association of the Study ol l,ain (IASP Prcss) 201-206, 1996
Melzack 1t. \Xrall l']D. Pain rnechanisms: A ncr. thcory. S'cleizce
7965750:977-9.
NasholdJr BS, GolclnerJL. tsright DS. Direct clectrical stimulation
of tlre peripheral nerves for rclicf of intractable pein../ llcn.e-[oint
Surg Am 7975:57:129. (Abstract)
She:rly CN. Mortimer JT, Ileslvick Jll: Electdcal inhibition of pain
by stirnulation of the clors:rl columns: Preliminary clinical repot.
Artesrh Analg 7957 ;46:1+89-91.
\\ra11 PD, Ss,-eet -ilfH. Temporary eboliti.rn of pain in rnan.
Science 7967 :155:108-9.
White JC. Swcet -rf/H. Pain and tbe Netu.osurgeort; A Farty-\'ear
E.xPetience. Springfield, IL. Charles C 'l'homas 1969
Schon. LC: Sr,rrgical Treatment of Chronic Lox,er llxtrcnitv
Neuropathic Pun. Clitt Othop Rel /?e.s 1999;389:156 6.1.

Basmajian .lV. Grdnt's l/Iethod ctf Anatoml. Villiams and Vilkins,
Raltjnrore 1!80. chaptcr 22. pp 2.67-268,.

Brash JC. Cttningham,\ Manual ctJ Practical At7.tton7!. Lou)er
Extrc?nity, Orforcl Univcrsity Press, New York 1957.
NlacKinnon SIl. Dellor-r AL. Surgery ct' the PeriPheral Nerues,
Tlrieme, New York 1!88. chapter 73, pp 319 31+5.

Nlalay DS. NlcGlarnry I,iD. Acquired neuropathies of the lower
extremities. In Cctmprebensiue Textboc.tk (t- b'oc)t .!a1gery, ecls

N{cGlamry ED, Banks AS ancl Dori'ney NiS. Williarns ancl Wilkins,
Baltirnore 1992, 7243 1278.
Keck C. The tars:1l tunnel syndrome. .l Bone./oint Surg
Am7962:41:1180-2.
Lam SJS. A tarsal tunnel syndrome. Lxncet 79622,1354 5.

S:rrrafian SK. AtlLttut11.y of the Foot and Ankle.. Descriptit)e,
Tctpctgrnphic, FLtnctitmal, Lrppincott. Philedelphia 1983. pp 118-
1 19.

NlcCiuskey LF, Vebb LB. Compression and entrapment
ner,Lropathics of the lolver extremit_v. Clittics in Pctdiatric
Medicine, ecls \X/illis JD :rncl Spaclone SJ. Saunders. Philedelphia
1999,118. no 1.

Sarrafian SK. An,atomt ol tbe Fod arrd Ankle: DescriPtiue,
Tbpograpbic. Flrnction. I-ippincott, Philade\>hia 1983. pp 317-
318.
N,lont N,LA.. Dellon AL, Chen f'. HrLngerftrrcl M$i. Krackolv IlA,
Hungerforcl Dll. Opel':1tive tre:rtmcnt of pcroneal ncn'c palsy.

.l H,'ttc Joinl \ur:i Ant loob -U SaJ 'l
De11on A1., Ebmer J, Su.eir P. Anatomic variatjons rclatccl tr->

clecomprcssion of the comnron peroneal nelve at the flbular
hcatl. Anrr Plast Srtrg 2002;18:30 1.
De1lon AL. Computer-assistecl sensibilrty evah:ation and surgical
tre:rtrrent <rf tarsal tunnel svndromc. AcLt Podictill- 7996;2:77-40.
Dellon AL. 'fl'eatment of tarsal tunnel svndrome by decornpression
of fbul meclial anklc tunnels [CD-RON'I], Instjtute f.t Peripberc{l
Nen-e Su.rgery, Baltirnore 1998.
.N'IzLcKinnon SE. Dcllon AL. Homologics betrl,cen the tarsal and
carpal tunnels. Implications fbr treatment o1' the Lrrsal tunnel
syndrome. Contemp Ofi bop 7987 ;74:7 5-9.
l,{acKinnon SE. Dellon AL. Surgery c:f tbe Peristherdl Nerues.
Thicme, Nes- York 1!88. ch:rpter 12, pp 30i-317.
Dellon AL. l,]ntrapment of the cleep perone:rl nen'e on the
clorsum of the fbot. FOct Ankle 1990;11:73-80.
Dellon AL, Dcllon ES, Seiler 'WA. Effect of t:rrs:r1 tlrnnel
decompression in the streptozotocin-inducecl cliabetic lat.
Micr"ost u"gery 19c)1:75 :26i-268.

u5

86
'I 0.'r

l 0i.

105

102

107

106iJS.

E9

90.

91


