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Anterior interosseous nerve syndrome (AINS) is a rare form of peripheral neuropathy
which involves disruption of the anterior interosseous nerve. The pathophysiology of
AINS remains unclear. AINS typically initially presents with forearm pain and may
gradually progress to palsy of the deep muscles of the anterior forearm. Diagnosis of
AINS requires thorough patient history and physical exam. EMG is the preferred
diagnostic study and classically reveals abnormal activity and prolonged latency periods
within the evoked action potentials of the FPL and PQ. Due to the self-limiting nature of
AINS, there is general agreement that conservative and symptomatic management
should be explored for up to 6 months as first line therapy, which usually includes
analgesics and nonsteroidal anti-inflammatory drugs, contracture prevention, hand
therapy, and hand splinting. Surgical options such as internal neurolysis and minimally
invasive endoscopic decompression may be explored if functional recovery from

conservative management is limited.

INTRODUCTION

Peripheral nerves of the body are susceptible to disruption
as they traverse the extremities to their final destination.
The etiology and location of disruption are often pre-
dictable and produce a clinically distinct set of signs and
symptoms, typically consisting of a combination of weak-
ness, sensory disturbances, and electrodiagnostic abnor-
malities. Examples of common compressive lesions include
carpal tunnel syndrome and cubital tunnel syndrome.l A
rarer neuropathy involves disruption of the anterior in-
terosseous nerve (AIN), resulting in the anterior in-
terosseous nerve syndrome (AINS), and typically initially
presents with forearm pain which gradually transitions to
a palsy of the deep muscles of the anterior forearm, in-
cluding the flexor digitorum profundus (FDP), flexor pol-
licis longus (FPL), and pronator quadratus (PQ), resulting
in lack of flexion of the distal interphalangeal joints of
the first and second digits, interphalangeal flexion of the
thumb, and forearm pronation.2~4 The elusive pathophys-
iology of AINS has been widely debated and remains un-
clear, although the most common theories involve either an

idiopathic immune-mediated neuritis or an intrinsic com-
pressive etiology within the forearm 1. Due to the lack of
consensus regarding the condition’s true etiology, an opti-
mal treatment protocol for AINS has not been established,
and further research is imperative for the improving the ex-
isting care of affected patients.>~8 Of note, direct traumatic
injury to the AIN, either due to upper extremity trauma or
extrinsic mass (i.e. tumor) are rare and not considered true
AINS due to differing pathophysiology.?

EPIDEMIOLOGY

Compared to commonly encountered peripheral nerve en-
trapment syndromes such as carpal tunnel syndrome and
cubital tunnel syndrome, AINS is quite rare, comprising
<1% of all upper limb nerve syndromes, affecting men and
women, as well as dominant and non-dominent upper ex-
tremities equally.%9-12 Patients affected typically present
in their 40s; however, the age of documented individuals
have ranged widely - a study by Worner documented 69
AINS patients with ages ranging from 9 to 72.11-13 Patients
may experience bilateral palsy as well as recurrent episodes
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of AINS.!4 Common documented triggers often include
physiologically stressful events such as trauma, surgery,
pregnancy, and venipuncture.!>-19

Of note, populations at risk for upper extremity fractures
such as a supracondylar fracture of the humerus in children
have led to symptoms similar to AINS, likely related to a
combination of proximal median nerve injury, traction of
the AIN, and ischemia.20:2! Consistent external compres-
sion of the forearm has also been documented to lead to
symptoms similar to AINS, including guitar players, shoul-
der immobilization slings, and crutches.22 Additional ia-
trogenic causes of AINS include Rober-Jones-type bandage
following lateral clavicle fracture, Kenny-Howard splint fol-
lowing acromioclavicular joint dislocation, Velpeau dress-
ing after a modified Bristow procedure, and compression
of the antecubital fossa with cotton padding prior to cast
or splint placement.23 As discussed above, these cases are
not considered true AINS due to originating from an exter-
nal compressive etiology, and symptoms have consistently
been shown to resolve once the external compression is
eliminated.24-28

CLINICAL PRESENTATION/DIAGNOSIS

AINS often occurs spontaneously and is often found to
follow an inciting event such as trauma, pregnancy, or
stress.1429 Diabetes, human immunodeficiency virus, and
nutritional deficiencies have been associated with the de-
velopment of AINS.30 Pain is usually experienced acutely
and is localized to the proximal volar forearm and worsened
by repetitive action.30 After resolution of upper extremity
pain, patients begin to experience motor weakness of the
FPL, FDP, and PQ.2331 AINS may be categorized as a com-
plete palsy, with involvement of all three muscle groups, or
partial, with involvement of one or two muscle groups.1314
Typically, weakness is particularly noticeable on flexion of
the interphalangeal joint of the thumb or the distal inter-
phalangeal joints of the index finger.32 Weakness of the
third finger may also be observed due to variable contribu-
tion by the AIN.2% In a subset of individuals, the proximal
interphalangeal joints may also be affected due to anom-
alous innervation of the flexor digitorum superficialis by
the AIN.2% Additionally, the Martin-Gruber communicating
branch, a unique connection between the median or AIN
and ulnar nerves, may contribute to intrinsic muscle weak-
ness in addition to the characteristic triad of AINS.%29
Changes in handwriting may also be observed if the dom-
inant hand is involved.2? Other general manifestations of
AIN syndrome may include neuropathic pain, contracture,
loss of dexterity, muscle weakness or paralysis.21,32,33 No-
tably, clinical symptoms are usually limited to motor
palsies, and sensory deficits such as paresthesias are not
commonly reported in AINS, as the AIN does not provide
cutaneous sensory innervation.1,30,31,33

Thorough physical examination is essential in diagnos-
ing AINS. Patients classically reveal a positive Kiloh-Nevin
sign, with an inability to bring the thumb and index finger
together in the shape of an “0”.1,34 Additionally, patients
with AINS display increased pulp contact between the

thumb and index finger with hyperflexion of the proximal
interphalangeal joint of the index finger.1® Further obser-
vation will reveal an inability to hold a piece of paper be-
tween the thumb and first finger with possible grip com-
pensation via extension of interphalangeal joint of the
thumb and distal interphalangeal joint of the first finger.34
This compensation is also known as the key pinch maneu-
ver and is retained in patients with AINS due to thumb
adduction, which is innervated by the ulnar nerve.l Ad-
ditional testing includes comparison of range of motion,
pinch (tripod and/or key) and grip strength between af-
fected and unaffected upper extremity.21:32 Strength of the
FPL and FDP should be assessed individually, as weakness
of these muscles may be the presenting symptom in mild or
incomplete cases of AINS.33:34 Strength assessment of the
PQ should be performed with the elbow flexed in order to
minimize contribution from the pronator teres.!4 However,
the efficacy of this maneuver is debated, and detectable
weakness in pronation is often indicative of more proximal
injury.%2% Although palpation in the distribution of the AIN
may produce pain, sensory symptoms should be further ex-
plored as this may suggest an alternative cause of neu-
ropathy such as pronator syndrome or carpal tunnel syn-
drome.30:31,35 Of note, unlike other median nerve palsies,
Tinel’s test and Phalen’s maneuver should yield negative
results in AINS.30 Additionally, calculation of disability of
arm, shoulder, and hand (DASH) score is often helpful in
determining the degree of upper extremity disability.32

A variety of imaging techniques may be used to diagnose
AINS. Electromyography (EMGQG) is the preferred test in con-
firming the diagnosis of AINS and classically reveals ab-
normal activity and prolonged latency periods within the
evoked action potentials of the FPL and PQ.3¢ EMG with a
coaxial needle has been shown to possess superior sensitiv-
ity compared to surface recording and is favored when di-
agnosing AINS.37 Serial EMG may be useful in monitoring
improvement of function as well as further therapeutic
planning.343¢ Additionally, EMG has been shown to suc-
cessfully exclude differential causes of neuropathy such as
pronator palsy or brachial plexopathy, as well as tendon in-
juries.29:31-33,38 Tendon injuries may be ruled out via direct
electrical stimulation of the FDP or FPL.30 Magnetic reso-
nance imaging (MRI) is not commonly used in diagnosing
AINS but has been described in the literature to useful in
early diagnosis, with T2 weighted MRI often revealing in-
creased signal intensity in the distribution of the AIN.16:34
Ultrasound may be used to view the AIN despite its small
size; however, the clinical utility of ultrasound in AIN syn-
drome is limited.22

PATHOPHYSIOLOGY/RISK FACTORS

The exact pathophysiology of AINS has been debated over
the past five decades. Originally, compression and entrap-
ment of the AIN was suspected to be the etiology of
AINS.%416 However, more recent evidence has come to sug-
gest that AINS may be a variation of neuralgic amyotrophy
(NA), which is an idiopathic immune neuropathy with den-
ervation measured on electrodiagnostic studies in upper
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Table 1.

Physical Exam

“OK"/Kiloh-Nevin
sign

Response

Unable to perform

Pinch paper
between thumb
and index finger.
Then, resist
removal of paper.

Unable to perform OR

May compensate by extending
interphalangeal joint of thumb and
distal interphalangeal joint of index
finger (key pinch maneuver).

Cutaneous Normal
sensory testing

Muscle stretch Normal
reflex

Tinel's test Negative
Phalen’s Negative
maneuver

extremity motor nerves.8%13.39 Both NA and AINS present
similarly; NA presents with an acute prodrome of upper ex-
tremity pain (i.e. shoulder, arm, elbow) followed by clini-
cally impressive motor palsy which is also seen in a mean
of 82% of patients diagnosed with AINS.40 Electrodiagnos-
tic studies have shown that NA and AINS are both periph-
eral motor nerve axonopathies with significant impairment
in muscle recruitment.3741-43 CD8+ T-lymphocytes, fibro-
sis, and edema have consistently been found on histologic
biopsies in AINS patients, which further suggests that AINS
is due to an immune-related etiology.*3 Additionally, diag-
nostic studies have shown diffuse muscle degeneration and
nerve enlargement of nerve branches and motor units not
directly supplied by the AIN, further suggesting inflamma-
tory cause rather than focal denervation as would be ex-
pected from compression.13:44

Further consideration of relevant forearm anatomy sug-
gests that intrinsic compression of the AIN does not ad-
equately explain the clinical symptoms observed in AINS.
The AIN classically branches from the median nerve 5-8
cm distal to the lateral epicondyle and travels beneath the
pronator teres.>® It then continues between the FDP and
FPL, giving off specific motor branches to these muscles,
and proceeds along the anterior interosseous membrane
adjacent to the anterior interosseous artery before termi-
nating at the radiocarpal, midcarpal, and carpometacarpal
joints.5 Compression proximal to the branching of the AIN
is unlikely to cause proper AINS as compression of the
median nerve would also produce clinical sensory deficits.
However, compression distal to the AIN branch point would
also be an unlikely etiology for AINS, as patients often have
selective denervation of one or two of the FDP, FPL, and
PQ, as opposed to weakness observed in all three mus-
cles.40 Therefore, compressive etiologies such as the lig-
ament of Struthers and the Gantzer muscle are unlikely
to fully explain the cause of AINS.%12,38 Additionally, true
compressive neuropathies such as carpal tunnel syndrome
have symptoms which present progressively over a period
of weeks to months. In comparison, AINS classically pre-
sents spontaneously with gradual resolution of symptoms,

suggesting that neuritis is more likely the true cause of
AINS than intrinsic Compression.45

TREATMENT OPTIONS
CONSERVATIVE MANAGEMENT

Due to the self-limiting nature of AINS, there is general
agreement that conservative and symptomatic manage-
ment should be explored for up to 6 months as first line
therapy.”#! Additionally, conservative management has
been observed to have no significant difference in recovery
time when compared to immediate surgical manage-
ment.1%32:41 A study performed by Nakano et al followed
2 patients with bilateral AINS who were conservatively
treated on the first upper extremity and subsequently sur-
gically treated on the opposite upper extremity. Nakano re-
ported no significant difference in recovery of motor func-
tion between the conservative and surgical treatments,
suggesting that conservative management ought to be pur-
sued as a first line option in patients with AINS.46

Conservative management generally includes analgesics
and nonsteroidal anti-inflammatory drugs, contracture
prevention, hand therapy, hand splinting, electrical stimu-
lation therapy, and supplemental vitamin B12 when deemed
appropriate.#1:47-49 Some studies have cited success in
treating AINS utilizing other forms of conservative therapy.
The strain-counter strain (SCS) technique is a therapy that
involves locating tender trigger points and focal manipula-
tion and has been reported to be effective in conjunction
with electrical stimulation therapy, cryo massage, and
neural mobilization.’? Goyal et al reported a 37 year old fe-
male with a one month history of AINS who experienced
marked improvement from 5 Ibs of pincer grip strength to
8 Ibs with two weeks of SCS treatment before being lost to
follow up. Furthermore, long-term efficacy of this therapy
has not been extensively recorded and further studies must
to be done to determine its role in the conservative man-
agement of AINS.5!

Currently, the appropriate length of time in which con-
servative management ought to be pursued prior to initi-
ating surgical interventions, as well as its overall efficacy
in different populations is not well understood. Seki et al
examined 21 patients with AINS between the ages of 17
and 65 in a retrospective study to determine the length
of time required to recover normal function without any
surgical intervention. Conservative treatment consisted of
vitamin B2 and electrical stimulation therapy and elec-
tromyography was used to monitor muscular activity and
track progress. Results showed improved recovery rates in
patients under 40 years old, and delayed and lack of re-
covery in older patients, suggesting that conservative treat-
ment might be more suitable for younger patients.*® How-
ever, recovery with conservative management is often
incomplete and further surgical intervention and treatment
is recommended in patients with insufficient or complete
lack of clinical improvement.32:47:49,52,53
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SURGICAL MANAGEMENT

Functional recovery may be insufficient when performing
conservative therapy for AINS and NA. Van Alfen et al stud-
ied 246 patients with NA with conservative treatment and
found that over 60% experienced residual weakness greater
than or equal to three years after symptom onset 9. Smaller
studies have also examined patients with diagnosed AINS
and found that residual symptoms are common.42:54:55 Re-
lated to this, more aggressive treatment options such as in-
ternal neurolysis have been explored.8943 In a study done
by Kodoma et al, internal neurolysis was performed on
AINS patients who did not experience any clinical improve-
ment in symptoms after 6 months of conservative therapy.
Kodoma found that 77% (10 of 13) of patients who under-
went surgery at that time experienced significant improve-
ment in strength (greater than or equal to M4 in the man-
ual muscle test (MMT)), while only 36% (5 of 14) of patients
who continued with conservative management experienced
similar levels of recovery.4” Krishnan et al reported similar
success with internal neurolysis in 6 patients with chronic
AINS and a mean of 14 months of conservative manage-
ment; at 13.6 months follow up, 5 of 6 operative patients
reported greater than M4 strength while only 1 of 6 non-
operative patients was able to recover a similar degree of
strength.56

Minimal incision surgeries such as endoscopic decom-
pression have also been explored as a potential treatment
option for AINS. These procedures are attractive due to
their minimal incision, which promotes decreased scar tis-
sue formation, adhesions, blood loss, as well as improved
recovery time and cosmetics.57 Ochi et al compared the
efficacies of combined internal and external neurolysis in
the context of minimal incision surgery and wide incision
surgery in patients with AINS who presented a mean of 5
months after symptom onset and reported that 82% of pa-
tients managed surgically recovered greater than or equal
to M4 strength. Interestingly, they found no significant dif-
ference between minimal and wide incision surgery out-
comes.>8 Additionally, Sneag et al found that 99% of nerve
enlargement in AINS occurs slightly proximal to the elbow
and is accessable with minimal incision surgery, further
suggesting that minimal incision procedures may also be
efficacious in treatment of AINS.53:54 Limitations to min-
imal incision surgery includes patient anatomy; patients
with increased adipose or muscle tissue require increased
skill to successfully perform the procedure due to limited
scope visibility.59

Further studies must be performed to determine the ap-
propriate length of time spent in conservative therapy prior
to considering surgical interventions. A study by Nagano et
al compared 15 patients with AINS with 3 months of con-
servative management who underwent internal neurolysis
with 11 patients who continued nonoperative management
and found that all 15 (100%) of the operative patients re-
covered greater than M3 strength, although 9 out of 11 pa-
tients with conservative management were able to recover
similar levels of strength with conservative management.40

This study suggests that surgical consideration at 3 months
after AINS onset may be premature. Studies done by Van
Alfen and Yamamoto have both suggested that consider-
ation and further workup for surgical interventions (such
as high resolution imaging evaluation) may begin after 6
months of initial conservative management.40:53 However,
further studies must be performed and utilized in conjunc-
tion with appropriate clinical judgement to determine the
optimal time to pursue surgical interventions in patients
with AINS.

A subset of patients may not experience recovery of mo-
tor function following both conservative and surgical inter-
ventions. In these cases, there have been reports of per-
forming tendon transfers in effort to restore motor
function, although the overall efficacy of these procedures
is unimpressive. Specifically, the brachioradialis can be
used to restore function to the interphalangeal joint of the
thumb, and the flexor digitorum profundus of the third or
fourth digit can be transferred to the index finger, result-
ing in flexion of the distal phalanx.?32 Schantz and Nielsen
have recommended pursuing conservative therapy for at
least one year prior to considering tendon transfer due to
possible spontaneous recovery.>>

CONCLUSION

AINS is a variation of NA and classically presents with an
acute prodrome of upper extremity pain followed by weak-
ness in flexion of the distal interphalangeal joints of the
thumb, index finger, and middle finger, leading to a posi-
tive Kiloh-Nevin sign and increased pulp contact between
the thumb and index finger. Consistent compression of the
forearm (external or internal i.e. mass) has also been shown
to produce clinical symptoms similar to AINS, although this
is not considered true AINS and resolves shortly after reso-
lution of external compression.

Diagnosis of AINS requires thorough patient history and
physical exam. EMG is the preferred diagnostic study and
classically reveals abnormal activity and prolonged latency
periods within the evoked action potentials of the FPL and
PQ. Since AINS is commonly self-limiting, treatment usu-
ally begins with conservative and symptomatic manage-
ment. Surgical interventions may be considered after pa-
tients have failed conservative therapy and include options
such as internal neurolysis and endoscopic decompression.
Further studies must be performed in order to determine
the optimal time course of conservative therapy prior to
consideration of more invasive procedures.
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