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Introduction

Injection nerve injury of the lower extremity is a fairly common but incompletely
quantified occurrence in medical practice. Numerous medical procedures including
intramuscular injections, joint aspirations, arterial lines, and nerve blocks place these
nerves at risk of injury. Some of the nerves at risk include the sciatic, femoral, saphe-
nous, superior gluteal, posterior femoral cutaneous, and the lateral plantar, with the
sciatic being the most commonly involved. The possible mechanisms of injury include
direct needle trauma, pressure injury, chemical neurotoxicity, compression neu-
ropathy, ischemia, scar formation, and allergic response. Presentation varies widely
depending on the nerve injured but can be generalized to consist of paresthesia, pain,
numbness, and weakness consistent with the enervated distribution of the nerve. The
diagnosis of such an injury is mostly clinical but several confirmatory tests exist to
quantify the damage, the most common of which are electromyography and nerve
conduction study. In the case of nonsevere injuries with minimal weakness and pain,
conservative therapy with pain medication, physical therapy, and regular follow-ups is
recommended for 3 to 6 months. In cases with severe functional disability and/or pain
or no improvement after initial conservative measures, surgical options are pursued.
These include neurolysis or, in rare cases, nerve grafting. The goal of this article is to
elaborate in detail the mechanisms, pathophysiology, clinical presentation, and treat-
ment of lower extremity injection injuries in the aforementioned nerves.

The injury may be broadly attributed to misguiding of the
needle and the injected material or to anatomic variations in

Injection- and needle-induced nerve injuries are fairly com-
mon, although their exact incidence is unknown. Nerves
may be injured directly by the needle upon attempted
intravenous line placement, joint aspiration, nerve blocks,
phlebotomy, or intramuscular (IM) injections,! or, indi-
rectly from the injected substance itself. Common nerves
reported to undergo such injuries include sciatic, radial,
axillary, ulnar, median, tibial, and peroneal nerves. Since
the buttock is the most common site of IM injections, it is
unsurprising that the sciatic nerve is the most commonly
affected nerve.
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the course of the nerve with an otherwise correctly guided
needle. The patients mostly present with sharp pain and par-
esthesias in the sensory distribution of the nerve at the time
of injection itself, but there may also be a delayed presenta-
tion. The importance of medical history pertaining to injec-
tions in the recent past cannot be stressed more in patients
presenting with such symptoms. Infants may present with
clubfoot and older children with leg length deformities.
Unless the symptoms are debilitating, there is no agreement
on the exact time of surgical intervention in these cases.
Yet, most neurosurgeons advocate waiting 3 to 6 months
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for spontaneous recovery with supportive conservative
management including physiotherapy and adjunctive pain
management. Surgical intervention in these cases is usually
neurolysis if a positive nerve action potential (NAP) is pres-
ent in nerve conduction studies (NCS). Otherwise, suture or
graft repair should be performed. Timely conservative man-
agement and surgical intervention, if required, can lead to
remarkable recovery.

In this article, we review the literature on injection inju-
ries of nerves of the lower extremities, the mechanism(s) of
injury, pathology involved, options in management of these
cases, and precautions which can prevent them.

Pathophysiology and Classification

Several mechanisms of injury have been proposed. Other
than direct needle injury,>° suggested mechanisms are chem-
ical neurotoxicity5”1%'3 including free radical damage,'* com-
pression neuropathy from the substance injected,?® external
scar formation,'>'® ischemia,'”?> and allergic neuritis.?*?* In
an animal model with the help of light and electron micros-
copy and a fluorescent tracer, Gentili et al?*® found that
pathological changes could be seen in the nerves as early as
30 minutes after injection. They proposed the damage of the
blood-nerve barrier as an important cause of nerve injec-
tion injuries. Neurotoxic chemicals placed within the epi-
neurium in the extrafascicular or intrafascicular region can
disrupt blood-nerve barrier leading to degeneration of the
nerve*?225>-27 a5 has been observed in animal models as well.?8
Intrafascicular injections are more likely to cause the damage
for obvious reasons.?® Injury may also occur from progressive
inflammation and fibrosis leading to neuritis.**>-273031 [n such
cases, the presentation is often delayed.

Sunderland®? classified nerve injection injury into three
degrees depending on the severity of the injury. First-degree
injuries suffer reversible conduction blocks, and conserva-
tive management alone is sufficient. Second-degree injuries
include Wallerian degeneration with reactive fibrosis. In
these cases, recovery is slow and often incomplete, and neu-
rolysis is indicated. Third-degree injuries have necrosis and
fibrosis due to neurotoxicity of the agent. There is no spon-
taneous recovery in these cases and flushing may help early
on to limit the neurotoxicity. However, typically, the drug is
completely absorbed by the time of surgery.

Mechanism of Injury
Injection site and technique play an important role in nerve
injection injuries.** Many cases of nerve injection injury
particularly in developing countries are, thus, suspected to
have accrued after injection by untrained or under-trained
medical practitioners.>’*! In many developing countries, par-
ents of ill children have a misconception that compared with
oral medications; injections will make their child heal faster.
As a result, these children are more prone to receive injec-
tions by untrained individuals, which increase the chances of
nerve damage.*

Greensmith and Murray® suggested that low pressure
injections are less damaging to the nerves than high pressure
injections (> 11 psi), which cause severe fascicular injury.
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Damage caused may be partial®* or complete depending on
the needle tip placement*“ and the neurotoxic agent used.*
A large or fixed/confined nerve is injured more commonly
than a smaller one or one that is relatively free and thus has
the capacity to move and hence avoid the needle.*>* Wrong
methods like restraining an agitated child or angulating the
needle while injecting also constitute other risk factors.

In many instances, the peripheral neuritis and nerve dam-
age occur even with the use of correct technique. Chemical
neurotoxicity of the agent injected has been blamed in many
such cases. A variety of substances including analgesics, anti-
biotics, antiemetics, steroids, vaccines, and vitamin injections
have been reported to cause chemical neurotoxicity and have
been discussed individually within the context of each nerve
injury. Yaffe et al*6 performed an experiment on rats with 11
different agents and found that penicillin G, diazepam, and
chlorpromazine were the most neurotoxic. Their results also
showed that neurolysis performed after 24 hours alleviated
further damage to the nerves, and that there was no addi-
tional benefit to flushing the nerves with saline or Celestone
(steroid betamethasone). Among steroids, dexamethasone
has been observed to be less toxic than hydrocortisone and
triamcinolone that can cause significant nerve damage.
Steroids cause direct toxicity on peripheral nerve fibers and
cause ischemic changes to the nerve.* Penicillin has been
shown to cause granuloma formation when administered
into sciatic nerves in dogs.*’ In a study by Senes et al,'® the
authors noticed that hydroxybenzoate, alcohol, and diacetin
are most neurotoxic, sodium cefuroxime and phenobarbital
are moderately neurotoxic, while other drugs in the group
such as naloxone (with hydroxybenzoate), vitamin K (with
glycocholic acid and lecithin), and glycocholic acid and lec-
ithin when used individually are comparatively least neu-
rotoxic, but nevertheless can still cause nerve injury. Gentili
et al®® noticed a moderate degree of rat sciatic nerve damage
by injections of chloramphenicol, gentamycin, imferon, and
cephalothin with more damage in the large fibers and rela-
tive sparing of the smaller ones. Also, extrafascicular nerves
were damaged when benzyl penicillin, diazepam, and chlor-
promazine were used as agents. The authors proposed that
extrafascicular damage was related to intraneural pathology
and was not due to external scar compression.

Anatomic variations may be another reason for injection
injury. Examples include absence of or abnormal subdivision
of piriformis muscle, peroneal nerve passing through the
piriformis muscle and proximal margin of superior gemel-
lus, and tibial nerve rounding the inferior margin of superior
gemellus and over the internal obturator muscle. These vari-
ations may lead to injection injury even if the technique used
is correct.'®

Presentation and Diagnosis

Most patients present with sharp stabbing pain at the time of
injection,’*® and with neurosensory loss along the peripheral
nerve distribution. Some patients report a delayed presen-
tation hours or days after injection.?®#%>° Any presentation
of pain along a nerve distribution and/or neurosensory loss
with a history of injection use in the recent past should
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raise suspicion of nerve injection injury. Motor function of
the muscles supplied by the respective nerve may also be
compromised. Electromyography (EMG), compound muscle
action potential (CMAP), nerve conduction velocity, sensory
nerve action potential (SNAP), amplitude measurement,
magnetic resonance imaging (MRI), and magnetic resonance
(MR) neurography can be used to investigate or confirm the
diagnosis.>® On EMG, the initial change would be a reduction
in motor unit recruitment. Assuming Wallerian degeneration
occurs, high insertional activity, positive spontaneous fibril-
lation, and sharp waves will develop in 1 to 4 weeks in the
muscles being studied in acute denervation, while chronic
denervation with reinnervation presents with polyphasia,
high amplitude, lowered interference pattern, and recruit-
ment in the muscles being studied.’>>? MR neurography
shows increased signal intensity on T2-weighted images of
injured nerves and corresponding muscles 24 hours after
injury>*>¢ and can also help in diagnosis of postinjury neu-
roma formation typically several months later.>” Injection
injury should be considered as an important differential
diagnosis in all patients presenting with neurogenic pain
syndromes and other sensory or motor deficits.

Management
Once the diagnosis is confirmed, if the injury is not severely
incapacitating and if the pain is only minimal, the attending
physician should wait for at least 3 to 6 months before surgi-
cal exploration along with NAP recording.”'®>%%9 During this
period, conservative management for pain with physiother-
apy to maintain muscle tone has shown to have beneficial
effects. If, however, no significant evidence of recovery is
seen electrophysiologically or clinically after 3 to 6 months
of conservative management, surgical intervention is consid-
ered. Treatment is individualized depending on the patient
history, presentation, clinical examination, and electrophysi-
ological reports. If NAP is present beyond the lesion, external
neurolysis alone or in combination with internal neurolysis is
performed. Negative NAP beyond the lesion warrants suture
or graft repair. The use of real-time ultrasonography in the
preoperative phase and during surgery helps in detection of
the type of injury, position of stumps, neuroma formation,
and excessive scar formation.®

Synthetic graft repairs with collagen bioabsorbable nerve
conduit,5'%? proliferated Schwann cells and homologous der-
mal acellular matrix,® keratin-based hydrogel filler,** chitosan
gel sponges containing bone marrow stromal cells-derived
Schwann cells,®* and poly-DL-lactide-e-caprolactone con-
duits® have shown promising outcomes in animal models.
Rosson et al® repaired short-gap motor nerve injuries with
bioabsorbable polyglycolic acid nerve conduits and reported
good results in all six patients. Such conduits can be used for
small diameter nerves with gaps of less than 30 mm. Moore
et al% reported four patients with injury of large-diameter
nerves who underwent nerve repair with absorbable nerve
conduits; these patients failed to achieve a good clinical out-
come. Vascular endothelial growth factor (VEGF) has been
described by some, to have not only angiogenic but also
neurogenic properties and Fu et al® described the beneficial
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effects of using local phVEGF, ; to promote regeneration of
nerves and acceleration of recovery in injured sciatic nerve
of rats.

Sciatic Nerve

Sciatic nerve is the most commonly involved nerve in injec-
tion injuries.!>15183870-77 As early as in 1882, the first account
of injection injury of the sciatic nerve was described as “sci-
atic neuritis due to injection.””® Also, injection injury is the
second most common cause of iatrogenic sciatic neuropathy
only after hip arthroplasty.”> Seemingly, injection injuries of
the sciatic nerve have been recognized almost since the time
IM injections were developed and a significant number go
unnoticed and unreported owing to its frequent incidence.”
Kline et al* in their study of 230 patients suffering from
injection and needle injuries to the nerve reported sciatic
nerve injury in ~ 60% of the patients. Villarejo et al'® reported
370 cases of sciatic nerve injection injury alone. About 50%
of them were infants. The authors suggest that higher inci-
dence of injection injury to the sciatic nerve in children can
be attributed to less gluteal covering and lower gluteal mass
volume to sciatic nerve size ratio.*

Direct Injury
Sciatic nerve in children is in the middle of the gluteal region
and needle inserted perpendicularly in that region has a rel-
atively high likelihood of injuring the nerve.®® Also, in infants,
gluteal area has a high fat content and any nonlipophilic
chemical will tend to be absorbed much less slowly and pres-
sure effects from the chemical might damage the nerve.!
Thin gluteal covering also makes elderly, underweight
patients and those with wasted gluteal muscles prone to
sciatic nerve injection injury.**$283 Although thin and under-
weight patients are more at risk for sciatic nerve injury from
injections, Ross Kerr and Wood?® suggest that if the patient
is obese or unable to turn well to expose the entire buttock,
locating landmarks can be difficult and the precision of any
single avoidance technique may suffer. Other inappropriate
practices such as incorrect technique, wrong site of injection,
incorrect length of needle or angle of the needle with respect
to the gluteal plane, and improper positioning of the patient
during injection are prominent reasons for these injuries.
Injections outside the upper outer quadrant of the dorsoglu-
teal region, especially medial and inferior quadrant of the
buttock, can cause sciatic nerve injury.>**> Abnormal pos-
tures, like flexed hips and extended legs, stretch the nerve
and take away its ability to yield when the needle meets
it.!” Hirasawa et al®® studied the effect of different types of
needles on the degree of injury to sciatic nerve during nerve
block injections in rabbits. Their study showed that tapered
injection needles did not cause any damage or tearing of the
nerve fibers and caused the least damage to the perineurium,
while short- and long-beveled needles cause reduced dam-
age when face of the bevel is inserted parallel to the fibers.
Ndiaye et al'? performed sciatic nerve gluteal dissection
on both sides in 10 adult African cadavers. All 20 nerves but
1 was in the subpiriformis canal. For all 20, pathway was
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identical with oblique and vertical part running down the
ischiotrochanteric channel. They thus proposed that the pro-
jection of sciatic nerve is far from the skin if the injection
is given in the upper outer quadrant of the buttock and due
to the paucity of anatomic anomalies they concluded that it
must be the nature of the agent (quinine given for malaria
treatment in this case) causing neurotoxicity rather than
physical trauma, if injections are given at the correct site.

Chemical Injury

Sciatic nerve injury after quinine injection was reported
as early as 1920 by Turner®” and since then has been
reported several times by others.®’-% Other antimalarials,?#!
ketorolac,”” diclofenac,® and other analgesics,>*%7¢ local
anesthetics, antiemetics (demerol with vistaril or phen-
ergan),>* penicillin, ampicillin, tetracycline, paraldehyde,
optalgin,’! cephalosporin' and other antibiotics,*”’¢ phe-
nobarbital, steroid, vaccines, and vitamin K injections'®33
have also been reported to cause neurotoxicity. Hanson%
suggested that the degree of injury depends on the vehicle
of suspension. Antiemetics with promethazine and dimen-
hydrinate caused more neuronal damage than prochlorper-
azine. Whitlock et al?® showed that ropivacaine when given
intraneurally in sciatic nerve in rats caused severe demye-
lination and Wallerian degeneration. Local anesthetics used
for total hip replacement can also cause sciatic nerve injury.
Uppal et al°! report that while operating for sciatic nerve
injury after a total hip replacement, local anesthetic was
seen leaking from the nerve sheath. Lidocaine, procaine, and
tetracaine split the myelin lamellae and cause more severe
damage than bupivacaine.?

Pathophysiology

In a series of seven patients, Kolb and Gray proposed that
necrosis was the main pathologic mechanism involved in
injury from penicillin injections.?* A diverse picture of patho-
logical changes was reported by Gilles and Matson* in 1970.
On resecting the peroneal and tibial branches of the sciatic
nerve, they noticed cicatrix formation, multinucleate giant
cells, and abnormal circumferential collateral sprouting of
axons. They also noted that there was fibrosis and collagen
deposition in some patients. The number of distal axons was
low and macrophages were noted throughout. Central axons
were damaged more than the peripheral ones. Grossly, an
in-continuity neuroma with a yellowish discoloration and
hourglass deformity or with bulky appearance may be seen
as injury causes nerve fiber thickening.'®

Presentation and Clinical Diagnosis

Patients usually present with causalgia and paresthesia,
symptoms that are immediate in 90% of the injury
cases,!"15333848-50.92 byt paralysis of the muscles supplied by the
sciatic nerve may also be seen. Obach et al?! described four dif-
ferent types of paralyses: (quoting verbatim) “1- Immediate
neurogenic involvement with instant pain, 2-Most frequently
obvious paralysis, without pain, 3- Subacute or late paralysis,
without immediate pain, 4-Immediate pain and late paraly-
sis.” If the patient complains of numbness/paresthesia/pain
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and other symptoms of nerve injection injury at the time the
injection is given, immediate flooding of subgluteal space
with 50 to 100 mL of physiologic solution may dilute the
agent and prevent the injury.>® Generally there is more severe
impairment of the motor functions than neurosensory loss.!!
This view is supported by Clark et al,'® who also noted that
larger fibers were damaged earlier and more severely than
smaller ones after injection injury in cats. The artery supply-
ing the sciatic nerve between piriform foramen and half-way
down the thigh is the inferior gluteal artery, involvement of
which in the injury might explain the perineural lesions of
the sciatic nerve presenting down to the thigh.?! Complete
sciatic nerve lesion proximal to hamstring leads to impaired
knee flexion, loss of dorsi- and plantar-flexion of foot, loss
of functions of posterior tibialis, foot invertors and peroneus
longus and brevis foot evertors, and sensory loss to posterior
thigh, lower lateral leg, and complete foot, which may lead
to pressure sores, infections, claw toes and may later lead to
a limb amputation.®? However, this type of complete sciatic
nerve injury is extremely rare with injections.

A majority of weakness presentations is related to pero-
neal division lesions,'>1833385059 more so because it is more
laterally located than the tibial division'*? and has poor sup-
port of the surrounding connective tissue.” The other rea-
son for more frequent involvement of the peroneal nerve is
that the tibial division is relatively fixed only at the sciatic
notch, whereas the peroneal nerve is relatively fixed both at
the sciatic notch and around the neck of the fibula. Patients
present with paralytic foot drop'*4°41:50 and paralysis of ham-
strings and all muscles below the knee causing difficulty in
walking.”®

For obvious reasons pain and neurosensory loss may be
difficult to evaluate in neonates and infants; hence, the diag-
nosis in them is mainly limited to the motor loss.'® Since com-
mon peroneal nerve is more commonly involved, foot drop
is @ more common presentation.** A foot drop in an infant
may be wrongly diagnosed as a congenital clubfoot; hence,
it is critical to evaluate all infants presenting with clubfoot
for nerve injury.'® Napiontek and Ruszkowski® observed that
children who present with equinus or equinovarus deformity
after nerve injection injury were diagnosed on an average
much earlier (3.8 months) than those presenting with foot
drop (5.1 years). Also, children presenting with foot drop
later had a higher predisposition to develop gluteal fibrosis
at a later stage. Cavovarus and calcaneovarus foot deformi-
ties have also been reported.** If neglected for long, palsy of
the sciatic nerve in children may lead to decreased growth of
the foot on the involved side, over time presenting with leg-
length deformities.!16:18.95.9

Electrophysiologic Investigations

Electrophysiologic studies with needle EMG study in tibia-
lis anterior, medial head of gastrocnemius, and short head
of biceps femoris*® may help establish the diagnosis. Loss
of SNAP of sural and superficial peroneal nerves*® may be
observed. No response on EMG suggests axonal loss. If pero-
neal division is more damaged than the tibial, correlative
EMG results will be seen, such as no or minimal response
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on EMG from the peroneal division and minimal or mod-
erate from the tibial division.’! Diffusion tensor tractogra-
phy (DTT), a type of MRI, has also been used to monitor the
state of regenerating neurons. Fractional anisotropy value, a
parameter in the DTT decreases after nerve injury and has
been used to correlate with the total number of regenerat-
ing axons and may have prognostic importance in predicting
functional improvement.®”9

Magbool et al*® used motor NCS on common peroneal and
posterior tibial nerves with electrodes placed on extensor
digitorum brevis (EDB) and abductor hallucis longus mus-
cles. Sensory NCS of sural and superficial peroneal nerves,
EMG studies on EDB, tibialis ant, medial head of gastrocne-
mius, and short head of biceps femoris were performed on
106 injury cases. They used the Medical Research Council
grading score from 0 to 5 to grade the motor function. They
assessed the relative involvement of common peroneal and
posterior tibial nerves by comparing the muscle strength in
dorsiflexors versus the plantar flexors and CMAP in EDB, tib-
ialis anterior, and gastrocnemius in the first electrophysio-
logical study. Based on the CMAP amplitude, 50 out of 106
patients had prominent common peroneal nerve involve-
ment, 19 had posterior tibial nerve involvement, and 28 had
equal involvement of both. Eighty-eight patients had abnor-
mal F-wave. Active denervation was revealed by needle EMG
in 25 patients, while chronic reinnervation in 41 patients.
Electrophysiological recovery was noticed in 27% cases,
which also achieved clinical recovery.

Management

Many neurosurgeons believe that neurolysis should be per-
formed as soon as possible after injury.* If performed within
24 hours of the injection injury, neurolysis may prevent
paralysis' while delay may cause fibrosis.'® Topuz et al'®
propose that if nerve transection is suspected, surgical explo-
ration should be performed without waiting for electrophysi-
ological substantiation. Delay in diagnosis confirmation leads
to poor prognosis postoperatively.

Conservative

If there is no functional motor incapacitation or sensory loss
and pain is the only prominent complaint, conservative anal-
gesic therapy with physiotherapy is recommended to pre-
vent atonia.”” Keskinbora and Aydinli** proposed the use of
gabapentin for the treatment of neuropathic pain caused by
sciatic nerve injection injury in an 8-year-old boy. They used
gabapentin starting at 300 mg thrice a day introduced over
3 days to avoid overdose or adverse effects. After 3 months,
as pain was controlled, patient was asked to continue on a
maintenance dose of 100 mg thrice a day for allodynia. At
8 months follow-up, patient did not have allodynia, and gab-
apentin was stopped.

Chen et al'®" and Unezaki et al'® have reported the impor-
tance of nerve growth factor (NGF) in the regeneration of
nerves in rats. NGF increases the density of unmyelinated
axons and along with glial cell line-derived neurotrophic fac-
tor promotes nerve recovery in rats significantly.!®> Sulaiman
and Gordon'® studied the effect of tacrolimus (FK506) and
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transforming growth factor-p (TGF-B) in a rat model. FK506
has been found to increase number of regenerated neurons
and axons. TGF-B reactivated Schwann cells and increased
their capacity to support axonal regeneration. Wilson et al'®
also reported acetyl-L-carnitine to considerably improve
nerve regeneration.

When being managed conservatively, follow-up for mon-
itoring the nerve regeneration is important. T2-weighted
images that show hyperintense signals for an injured nerve
return to normal. This has been reported to correlate with
nerve regeneration and its clinical manifestations.>*->* Behr et
al'% suggest that in the first 3 weeks postinjury, persistent
T2 signals indicate a more serious lesion, which can be com-
pared with neurotmesis, whereas decrease in signals before
4 weeks postinjury may indicate regeneration. Clark et al'
suggested that surgery should be contemplated 6 months
after the injury, but Villarejo and Pascual' obtained excellent
results when the patients were operated on between 3 and
6 months postinjury.

Surgery

Indications for surgery include but are not limited to inca-
pacitating or complete deficit of tibial or peroneal distribu-
tions with no sign of recovery clinically or on EMG over 3
to 6 months,>** or formation of a palpable granuloma.* If
the intraoperative NAP is positive, good prognosis has been
reported with neurolysis alone. Furthermore, the peroneal
division has typically a worse prognosis than tibial, except in
children.”* Surgery (both neurolysis and nerve graft repair)
has better prognosis when performed on the tibial division of
the nerve than on the peroneal division.®?°? The tibial nerve
has more extended blood supply than the peroneal, which
may be a reason for better regeneration of the tibial division.
Internal neurolysis should be performed carefully to save the
small fibers that might recover spontaneously if no interven-
tion is done.'%

Negative intraoperative NAP leaves the option of suture or
graft repair. On the operation table, it may be tough to define
the extent of injury in the nerve. It is suggested that the dam-
aged segment of the nerve is opaque to transmitted light, and
hence transillumination test may be used to determine the
exact limit of resection.>® According to Sunderland,* nerve
grafting results of proximal portion of sciatic nerve are poor
and hence neurolysis alone may suffice. In children with
incomplete recovery results, dynamic elastic splint may be
initially applied and later at the age of 3 years, musculotendi-
nous transposition of posterior tibial tendon on the insertion
of anterior tibial tendon may be done.!®

Senes et al'® reported in their series that the surgical out-
come did not depend on the nature of injected agent; those
children who were injected with antibiotics (cephalospo-
rin) had worse outcome as compared with others, although
a definite relationship of the outcome with the agent has
not been established. Prognosis depends on the division
involved, level of injury, age of the lesion, timing of repair,
and patient’s overall medical status.®> Presence of CMAP in
the EDB within 6 months and early functional recovery are
positive prognostic factors.'® Bay® suggests that sciatic nerve
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injection injury is almost always fully reversible, although
the course of recovery may be biased by psychological factors
as compensation claims, negligence suit and in such cases
only pain is the main symptom.

Injecting the Gluteus

In the superolateral quadrant injections method, some
authors consider that the injection is being given in the glu-
teus medius'” and some think that gluteus maximus is the
aim.!% Several authors'?%2738 suggest total avoidance of IM
injections if other routes can be used; if not, avoiding the
gluteal region especially in children <5 years of age is best,
so as to avoid sciatic nerve injury by injections. Some phy-
sicians advise that if the injection site is above and lateral to
the midpoint of the imaginary superolateral line drawn join-
ing posterior superior iliac spine and the greater trochanter,
the nerve can be escaped.’!1%11° Ventrogluteal/anterolateral
site for injection has been suggested by many to possibly
spare the sciatic nerve.'”’67781 This is especially important
for hydrophilic chemicals as subcutaneous fat is thinner in
the anterolateral region and muscle thickness is greater and
these chemicals will therefore be absorbed well.

Mishra and Stringer’® suggest that even in the ventroglu-
teal region, the injection should be given in the gluteal tri-
angle, which can be formed by the palm of opposing hand
placed on the greater trochanter and pointing finger on the
anterior superior iliac spine, and the middle finger pointing
toward the iliac crest. The position of the middle finger should
be as separated from the index finger as possible.!""'"* The
needle should then be inserted at an angle of 90 degrees to
the skin in this triangle. Injections can be given in the ventro-
gluteal site in supine, prone, and side lying position without
the fear of damaging the sciatic nerve.'™* A limited number
of studies report the successful use of this technique.!>113115
Miiller-Vahl''¢ in 1983 reported a case of ventrogluteal site
injection complication in which the patient suffered from
paralysis of the tensor fascia latae muscles post injection.
There is no consensus regarding the safe volume of substance
that can be injected in the gluteal mass, although it has been
suggested that the volume of drug injected might play a role
in these injuries.* Some authors suggest that not more than
3 mL should be injected into the gluteal mass,** although
some authors suggest that up to 4 mL""? and yet other group
say 5 mL volume injection is safe.!"’

Femoral Nerve Injection Injury

The femoral nerve arises from the posterior divisions of the
ventral rami of L2-L4. It runs through the psoas emerging
at its lateral border and giving off several small branches to
the iliacus within the abdomen. The nerve then enters the
leg lateral to the femoral sheath and is divided by the lateral
circumflex artery, forming the anterior and posterior divi-
sions typically 1 to 4 cm distal to the inguinal ligament.''
The anterior division supplies motor branches to the sarto-
rius and pectineus and two sensory branches that are the
intermediate and medial cutaneous nerves of the thigh. The
posterior division gives off motor branches to each division
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of the quadriceps femoris. The branch to the rectus femoris
gives rise to the articular branch of the hip joint. The knee
joint receives small branches from the vastus lateralis, vas-
tus medialis, and vastus intermedius. Additionally, branches
from vastus intermedius supply the articularis.!®'2° Through
these muscular branches, the femoral nerve primarily helps
in flexion of the hip, extension of the leg at the knee, and in
transmitting sensation from the anterior and medial thigh.'?!

The femoral nerve is particularly prone to injury as IM
injections in the anterolateral thigh into the vastus lateralis
are recommended in infants up to the age of 7 months.?>1%
They are given at one hand’s width below the greater tro-
chanter and at one hand’s width above the knee, that is, along
the middle third of the lateral thigh.!”® Pain at the time of pre-
sentation may have an aching, cramping, tingling, or burning
character with distal radiation to the knee. Motor dysfunc-
tion may accompany. Over the long term, there might be
anterior thigh muscular atrophy, difficulty in hip flexion and
leg extension, and dysesthesia or anesthesia in the anterome-
dial thigh and medial leg.

Haber et al? reported two such cases after meperidine
injections. In both cases, patients received multiple lateral
thigh injections for pain control following surgery. Each of
the patients recalled an episode of severe pain following
one specific injection. Both complained of continued pain
at the injection site followed by atrophy of the lateral thigh
despite physical rehabilitation. One patient noticed a bulge
just proximal to the flare of the left femoral metaphysis
2 months after the injection. At 6 months after the injection,
the fluctuant bulge was aspirated and a sanguineous vicious
fluid was obtained, which did not show signs of inflamma-
tion or infection. One patient lacked sensory deficit, while
the other experienced hyperesthesia in a nonfemoral nerve
distribution. In each case, MRIs showed increased T2 signal
of the vastus lateralis consistent with inflammation second-
ary to muscle degeneration. Both patients had EMGs consis-
tent with isolated denervation of the vastus lateralis at the
time of presentation that returned to normal after several
months of follow-up. In each case, conservative management
was pursued and at 5 to 6 months follow-up muscle atro-
phy remained but pain resolved and sensation returned to
normal.

Saphenous Nerve Injection Injury

The saphenous nerve is a large sensory cutaneous branch
arising from the femoral nerve. It runs with the femo-
ral artery in the adductor canal beneath the sartorius and
descends along the medial side of the knee where it pierces
the fascia lata between the sartorius and gracilis. The nerve
continues down the leg just behind the medial border of the
tibia. At the bottom third of the tibia, the nerve divides into
two branches, the first of which ends at the medial side of the
ankle and the second wraps around the anterior ankle.® It
provides sensation to the medial aspect of the leg starting at
the knee and continuing to the medial maleolus.'!

The saphenous nerve is most vulnerable during knee
injections for osteoarthritis. Unfortunately, there is little
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consensus on which approach works best, leaving it up to
the practitioner to select from four variations in the lateral
or medial approach.'?*24 Notably, anatomy of the saphenous
nerve has been described as fairly uniform across cadav-
eric specimens with a course generally between the sarto-
rius and gracilis.'® Thus, to avoid saphenous nerve injury,
a lateral approach when injecting for knee disorders is
advocated especially in obese patients with unclear surface
anatomy.'24126

lizuka et al'* reported a case of saphenous nerve injury
after hyaluronic acid injection into the knee via the medial
approach for osteoarthritis. The patient was described to
have developed saphenous nerve distribution numbness
1 hour after the injection. Examination 3 weeks later showed
that the patient had decreased sensation of the infrapatellar
area and in the midcalf, with normal strength and reflexes.
Conservative therapy was pursued and at 8 months fol-
low-up the patient began experiencing allodynia in the same
distribution that could be elicited by percussion of the nerve.

Superior Gluteal Nerve Injection Injury

The superior gluteal nerve (SGN) arises from the posterior
divisions of L4-S1 leaving the pelvis through the greater sci-
atic foramen above the piriformis. It travels with the supe-
rior gluteal artery and vein, ending in the gluteus minimus
and tensor fasciae latae.'" This nerve innervates the gluteus
medius, gluteus minimus, and the tensor fascia lata, and
hence its injury causes difficulty in abduction and medial
rotation of the hip, classically resulting in Trendelenburg’s
gait.’! In addition, damage to this nerve can cause contrac-
ture of the gluteus medius.'?” In some cases, the SGN has been
damaged despite the use of correct injection technique.'?®

Obach et al?! reported two cases of isolated SGN injury.
In one, a woman who received intragluteal injection of tri-
amcinolone was referred by her primary care physician for
a swaying gait. By her appointment time, 3 months later, her
gait had improved but exam showed mild weakness of the
gluteus medius and SGN damage on EMG. In the second case,
a child who had received gluteal injection 1 year prior pre-
sented with claudication of the lower left limb with severe
atrophy of the gluteus medius and minimus. EMG showed
neurogenic changes of the SGN. No follow-up was mentioned
for either of the above patients.

Posterior Femoral Cutaneous Nerve Injection
Injury

The posterior femoral cutaneous nerve arises from the
dorsal divisions of S1-S2 and the ventral divisions of S3-
S4 and exits the pelvis through the greater sciatic foramen
below the piriformis. It travels with the inferior gluteal
artery running beneath the gluteus maximus and traveling
down under the fascia lata. It passes over the biceps femoris
piercing the deep fascia and running with the small saphe-
nous vein to the lower portion of the popliteal fossa.!' Due
to its proximity to the sciatic nerve, isolated posterior cuta-
neous femoral nerve (PFCN) intragluteal injection injuries
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are very rare making up only 1% of reported cases.' This
nerve primarily functions providing sensation to the pos-
terior thigh and popliteal fossa.'?' Pain, anesthesia on back
of thigh, gluteal area, and perineum have previously been
described with injury of this nerve.>°7®

Tong and Haig'® reported an incidence of a 25-year-old
woman who received two right buttock injections after hos-
pitalization for chronic headaches. While she was unsure of
the medication given, she endorsed numbness in the right
posterolateral thigh and buttock starting at the time of dis-
charge and continuing until presentation 5 months later.
Aside from numbness, her physical examination was unre-
markable at that time. NCS were consistent with isolated
right PFCN neuropathy. In addition, Kim et al'** described a
remarkably similar case of a 22-year-old woman who pre-
sented with numbness and paresthesia in the left lower
gluteus and posterior thigh 3 weeks after receiving IM anti-
biotics for a respiratory infection. She described “stinging”
pain down her posterior thigh at the time of injection. NCS
of the PFCN was consistent with isolated neuropathy. Her
symptoms failed to resolve after 6 weeks of conservative
management. Interestingly both of these patients showed
numbness in the inferior gluteal region. This symptom points
to additional damage to the inferior medial cluneal nerve, a
branch of the PFCN that arises just after it leaves the sciatic
foramen.'?

In both of the cases above, authors discuss the use of NCS
technique described by Dumitru and Nelson."®' This tech-
nique allows the use of the midline of the thigh and the
mid-popliteal region as consistent landmarks to place stim-
ulating electrodes for PFCN evaluation. In their study of 40
healthy subjects (20 men and 20 women), all patients had
strong responses in the PFCN bilaterally making this the gold
standard technique for PFCN testing.

Lateral Plantar Nerve Injection Injury

The lateral plantar nerve runs along the lateral side of the
foot, medial to the lateral plantar artery. It lies between
the flexor digitorum brevis and the quadrates plantae and
divides into superficial and deep branches at the abductor
digiti minimi'*®. This nerve supplies sensation to the skin
of the lateral portion of the fourth toe and the entire fifth
toe.!?!

Snow et al'*? described the case of a 41-year-old man who
developed numbness in the left third, fourth, and fifth toes
following a 40 mg Depo-medrone/lignocaine intraneural
injection given by the medial approach for plantar fasciitis.
This injection is most commonly given through the thin skin
over the medial calcaneal tuberosity heading anterolaterally
toward the plantar fascia. At 4 years follow-up the patient
had both numbness in the lateral foot and weakness of toe
flexion with a confirmatory absence of nerve conduction in
the lateral plantar nerve. The authors did not report man-
agement prior to their encounter with the patient or further
follow-up. Notably, they concluded that the risk of lateral
plantar nerve injury could be minimized by proper under-
standing of the anatomy of this nerve.
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Conclusion

Injection injury of peripheral nerves, especially the sciatic
nerve, is a persistent global problem. With addition of newer
injectable drugs in the last few decades, a higher number of
cases are being seen and an even higher number are going
unreported by medical practitioners. This problem is more
severe in developing countries where administration of
injections is left to poorly trained individuals.’’4° More wor-
risome and difficult to overcome are uninformed patient’s
strong beliefs that IM injections are more efficacious than
other routes of administration. World Health Organization
estimated that annually ~ 12 billion injections were admin-
istered globally, out of which 50% were unsafe and 75%
unnecessary.'® In several instances, the courts have ruled
that IM injections can cause sciatic nerve injection injury.'>*
Mishra and Stringer’® compiled and published medicolegal
reports of sciatic nerve injury (1989-4/2009) and the total
compensation is surprisingly more than $4,097,449.

As can be seen, sciatic nerve injection injury is a compli-
cation which can be easily minimized by taking appropriate
precautions. Physicians should talk to patients about the
risks of injections and make every attempt to recommend
and/or use other mechanisms of drug delivery especially
when they are of equal efficacy. Where possible, injections
should be avoided, especially in the case of children whose
anatomy makes them more prone to injury. When injections
are given, a detailed knowledge of anatomic relationships is
critical as the vast majority of nerve injuries occur in the set-
ting of normal anatomy.

Finally and most critically, the signs of nerve injury should
not go unheeded. If a patient complains of pain/paresthesia
during injection, immediate flushing of the area with 50 mL
saline should be done and patient should be followed up till
recovery is assured. If the condition does not improve within a
reasonable timeframe, consultation with pain management and
neurological team should be made. When required, neurosurgi-
cal consultation should be scheduled at the earliest opportunity,
especially if a profound paralysis is noted clinically. Appropriate
timely surgical intervention may help in decreasing the morbid-
ity of these patients and some people might recover fully.
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