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Article abstract-A review of inpatient trochlear nerve pareses diagnosed over 23 years revealed head trauma as the 
principal cause, with surgical injury, inflammation, and brain tumors seen occasionally. Ischemic (microvascular) neu- 
ropathies were rare. About one-half of the patients (52%) had no other neuro-ophthalmologic signs, but only 5% were 
truly isolated, without other neurologic or ophthalmologic signs or symptoms. Fourth nerve palsies are underdiagnosed 
on hospital services, where stuporous patients encounter unsuspecting physicians. 
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Galen overlooked the trochlear nerve and failed to  
include it among his seven cranial nerves.I Vesal- 
ius, in 1543, in perhaps his least accurate work, il- 
lustrated seven cranial nerves at  the base of the 
brain, including an idiosyncratic trochlear nerve 
apparently arising from the temporal lobe.2 In con- 
trast, the elegant 16th-century drawings of Eu- 
stachius3 show a realistic fourth nerve emerging 
from behind the pontomesencephalic junction. By 
1664, Willis had expanded the cranial nerve count 
to 10 and accurately illustrated (with Christopher 
Wren) and described the fourth nerve4: 

“The fourth conjugation of nerves hath a diverse 
origine from all the rest, for whereas most of the 
others proceed from the foot or fides of the oblong 
marrow, this hath its root in the top of it  behind 
the round protuberances, called Nates and Testes. . . . 
We call these nerves the Pathetick nerves of the 
eyes . . . the proper office of these is to move the 
eyes pathetically, according to the force of the pas- 
sions and instinct of nature.” 

The name “pathetick” referred to an alleged ability 
to express passion, but any emotions relayed solely by 
the fourth nerve must have been subtle. (Anatomists 
of antiquity, who envisioned nates [buttocks], testes, 
and mamillary bodies at the base of the brain, may 
have been preternaturally susceptible to passion.) 

The modern classification of twelve cranial 
nerves was established by Soemmerring5 in 1778, 
but, curiously, Charles Bell in 1802 portrayed only 
nine pair.6 His clearly defined fourth pair of cranial 
nerves was now, less romantically, called the 
trochleares. (In French, they remain “pathetique.”) 

One of the soundest early discussions of damage 
to the trochlear nerve is found in Dixon’s Diseuses 
of the Eye (1860, 2nd ed). He states7 that isolated 
palsies are rare, require cooperation of the patient 

for diagnosis, and may accompany catastrophic 
brain injury or pass away without residual. Intor- 
sion of the eye on downward gaze is noted as a sign 
of fourth nerve action in the presence of third nerve 
paralysis. 

Soelberg Wells8 (1878) was more typical of 19th- 
century ophthalmology textbook authors in relegat- 
ing discussion of eye movements to a few pages in 
the back of the book. The accepted causes of 
diplopia-cold drafts, rheumatism, and syphilis- 
were discussed; proven treatments such as strych- 
nine and faradization (if galvanization didn’t suc- 
ceed) were recommended, and “when all other reme- 
dies have failed to  effect a cure, it may be necessary 
to  have recourse to  operative interference. . . .”8 

For once, Gowers (1888) was of l i t t le help, 
writing9 that “the symptom of paralysis of the fourth 
nerve is paralysis of the superior oblique, which has 
been already described.” Osler’O (1892) acquitted 
himself only slightly better, stating that the course 
of the fourth nerve made it “liable to be compressed 
by tumors, by aneurism or in the exudation of basi- 
lar meningitis. Its nucleus in the upper part of the 
fourth ventricle may be involved by tumors or un- 
dergo degeneration with the other ocular nuclei.” Re- 
freshingly, he dismissed contemporary treatments. 

The multivolume Twentieth Century Practice of 
Medicine” (1897) contained this startling confes- 
sion: “Isolated disease of the fourth nerve is ex- 
tremely rare. I know of no instance of it.” A few 
years later, a more modern note was sounded by 
Posey and Spiller12 (1906): “Isolated trochlear paral- 
ysis is most often due to syphilis, tabes, meningitis, 
sometimes to traumatism (especially injuries about 
the trochea). It is seldom the result of diphtheria, 
influenza, or pons lesions, and is very rarely caused 
by multiple sclerosis.” 
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Even in 1916, only five lines of Ball’s 911-page 
ophthalmology text13 were devoted to affections of 
the fourth nerve: “Trochlear paralysis is seldom 
found alone. It is usually caused by syphilis, tabes, 
multiple sclerosis, and meningitis at the base of the 
brain, and by pressure in the valve of Vieussens.” 

Bielschowsky (1935) placed the diagnosis of 
trochlear nerve paralysis on a rational basis.14 He 
emphasized that superior oblique weakness was 
the most common cause of vertical diplopia, pointed 
out (as had others before him) that patients typi- 
cally tilt their head away from the affected side, 
and introduced his head-tilt test based on the ob- 
servation that head tilts contralateral to the dam- 
aged fourth nerve decrease and ipsilateral head 
tilts magnify the diplopia of superior oblique palsy. 

And yet, one of the principal studieslj of cranial 
nerve injury in World War I1 found isolated fourth 
nerve paresis in only one of 1,800 patients with 
blunt head injury, illustrating the persisting diffi- 
culty in diagnosing trochlear nerve palsy. Follow- 
ing the war, interest in corrective muscle surgery, 
as well as an increase i n  road carnage, produced an 
upsurge of interest in fourth nerve palsies. Over 
the past 35 years, a progressive increase in the pro- 
portion of trochlear pareses reported from the 
Mayo ClinicI6 suggests continuing improvement in 
the ability to  recognize fourth nerve palsies. 

Trochlear nerve paralysis is usually diagnosed 
in the ophthalmologist’s office. Of all the cranial 
nerves, only the nervus terminalis (cranial nerve 
zero)17 is less familiar to  neurologists and neuro- 
surgeons. Many articles on fourth nerve pareses 
are penned by strabismologists to emphasize surgi- 
cal treatments. The following study analyzes a con- 
t ras t ing  group of neurologic inpat ients  with 
trochlear nerve palsies. 
Patients. Patients personally examined on the neuro- 
surgery  a n d  neurology wards  of t h e  Los Angeles 
CountyAJniversity of Southern California Medical Cen- 
ter and Rancho Los Amigos Hospital (rehabilitation) dur- 
ing the past 23 years form the basis of this study. 

The diagnosis of (acute) superior oblique weakness 
was based on the presence of vertical diplopia maximal 
when the affected (higher) eye is turned down and in. Al- 
ternate cover testing was useful in identifying the hyper- 
tropic eye in those few confused patients who could not 
participate in bedside diplopia field testing. 

Gravity-dependent findings of a positive Bielschowsky 
head-tilt test and spontaneous head tilts were sought as 
soon as patients could sit. Excyclotropia was diagnosed 
by funduscopy. The three-step testI8 was occasionally 
useful in confirming that the superior oblique was the af- 
fected muscle. Bilateral trochlear pareses were diag- 
nosed by demonstrating alternating adduction hyper- 
tropia on right and left downgaze, T pattern esotropia, 
and severe excyclotropia. When possible, eye movements 
were photographed and Lancaster diplopia fields and 
Maddox double-rod tests were performed. 

Patients with immobile globes associated with cav- 
ernous sinus lesions were considered to exhibit fourth 
nerve paralysis as were cooperative patients with com- 
plete third nerve palsies who failed to show intorsion on 
maximum downward gaze. Alternating adduction hyper- 
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Table 1. Etiology of trochlear nerve paresis in 215 
inpatients 

Causes 

Trauma 
Automobile 
Motorcycle 
Assault-blunt 
Assault-penetrating 
Pedestrian 
Falls 
Bicycle 
sports 

Sxgery 
Inflammation 

Meningitis 
Mucormycosis 
Cysticercosis 

Tumor 
Vascularlolder 
Spnntaneouslyouth 
Brainstem strokes 
Congenital 
Other 

Total 

N o  other eye signs. 

Unilateral 
Accom- 

Isolated* panied 

23 11 
8 8 
9 1 
2 4 
8 1 
8 1 
3 1 
1 1 
2 27 

0 12 
0 3 
1 0 
0 14 
8 0 
1 6 
2 2 
2 1 
3 2 

81 95 

Bilateral 
Accom- 

Isolated* panied 

10 0 
5 1 
2 1 
1 0 
1 1 
0 0 
0 0 
0 1 

n 

0 4 
0 0 

10 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 I 

30 9 

Total 

113 
44 
22 
13 

7 
11 
9 
4 
3 

30 
30 

16 
3 

11 
14 
8 
7 
4 
3 
6 

215 

tropia accompanying pretectal lesions was assumed to 
represent alternating skew deviation rather than bilat- 
eral trochlear nerve palsies. 

Patients with orbital trauma and those with myopathic 
or neuromuscular causes of superior oblique muscle weak- 
ness were excluded. Close follow-up, rather than edropho- 
nium testing, was relied upon to uncover myasthenia 
gravis presenting with isolated superior oblique weakness. 
X o  such cases occurred among 149 myasthenic patients 
with ocular involvement seen during the same period. 

Results. Patient ages ranged from 9 to 83, with an 
average of 34 years. Women composed 29% of the 
group. Trochlear nerve involvement was right-sided 
in 4196, left-sided in 40%, and bilateral in 19%. 

Fourth nerve palsy was the sole neuro-ophthal- 
mologic sign in 5296, but only 5% had no other neu- 
rologic or ophthalmologic signs or symptoms. Other 
ocular motor nerve palsies, occurring in 26%, con- 
sisted of third nerve involvement in eight patients, 
sixth in five, and both third and sixth in forty-four. 
The optic nerve was damaged in 23 patierts, the 
fifth nerve in 19, and the seventh in fourken. Five 
patients had Horner’s syndrome, six had pupillary 
light-near dissociation, six had papilledema, and 
five had homonymous hemianopia. Nystagmus was 
observed in 12 patients (upbeat in four, downbeat 
in two, torsional in two, and horizontal-only in 
four), two had rhythmic oculopalatal myoclonus, 
and one had internuclear ophthalmoplegia. Func- 
tional signs of monocular diplopia and convergence 
spasm were present in one patient each. 

Trauma, causative in more than one-half of pa- 
tients, produced 90 (51%) of the unilateral and 23 
(59%) of the bilateral fourth nerve palsies (table 1). 
Automobile accidents were most common, but a va- 
riety of injuries were represented (table 1). A single 



l’able 2. Reported etiology of fourth nerve palsy 

Series 

MayolG 
Albany19 
Barcelonaz1 
Miamizz 
Montrealz0 
Bostonz3 
Los Angeles (present) 

No. 
cases 

578 
82 
84 
33 
52 
22 

215 

Trauma 

29% 
34 
31 
39 
31 
22 
52 

Tumor 

5% 
1 
1 

18 
23 
10 
8 

Ischemia 

18% 
2 

37 
21 
4 
7 
4 

Congenital Unknown 

0% 32% 
59 

11 7 
0 6 

29 8 
5 36 
1 0 

- 

Other 

16% 
4 

13 
15 
6 

20 
34 

patient gave a history of double vision beginning 1 
week after being assaulted; otherwise, all patients 
experienced diplopia as soon as their state of con- 
sciousness allowed. Iatrogenic trauma associated 
with neurosurgical procedures was another fre- 
quent source of injury (30 patients). In 18 cases, 
the operation involved tumors, usually arising from 
the clivus-petrous ridge or in the cavernous sinus; 
13 procedures were for aneurysms, most commonly 
at the basilar tip. In one instance, balloon oblitera- 
tion of a cavernous aneurysm by radiologists pro- 
duced a fourth nerve palsy. Usually, the trochlear 
nerve was divided intentionally to provide ade- 
quate surgical exposure; less commonly, such dam- 
age was unsuspected during the procedure and be- 
came manifest in the postoperative period. 

Infectious causes included meningitis (acute bac- 
terial, 4; tuberculous, 4; herpes zoster, 3; and oth- 
ers, 5), rhino-orbital-cerebral mucormycosis (31, 
and cysticercosis (11). In 10 of the patients with 
cysticercosis, bilateral trochlear palsies resulted 
from a large cyst lodging in the caudal aqueduct, 
stretching the fourth nerve fascicles. 

All patients with tumors had multiple neuro- 
ophthalmologic signs. No one tumor type predomi- 
nated: pituitary apoplexy and lymphoma each oc- 
curred three times; upper brainstem gliomas were 
seen twice; and medulloblastoma, metastasis, na- 
sopharyngeal carcinoma, chordoma, enchondroma, 
and epidermoid (with associated meningitis) each 
occurred once. 

Eight middle-aged or older patients in the “vas- 
cular” group developed spontaneous, self-limited 
palsies in the presence of diabetes (3 patients) and 
other vascular risk factors (5). Of the seven youth- 
ful patients whose palsies were spontaneous and 
self-limited, four had painful cavernous sinus syn- 
dromes suggesting granulomatous cavernous si- 
nusitis (Tolosa-Hunt syndrome) and three had iso- 
lated pareses. Brainstem strokes were divided be- 
tween infarcts (2) and hemorrhages (2). Both upper 
brainstem hematomas occurred in young individu- 
als, one in association with a cavernous angioma 
and the other with a presumed vascular malforma- 
tion. Three patients had congenital fourth nerve 
pareses as documented by consistent head tilts in 
old photographs. Other causes consisted of undiag- 
nosed intrinsic brainstem disease in three patients, 

cavernous aneurysms in two (one with rupture, 
producing a carotid-cavernous fistula), and mid- 
brain sarcoidosis in one patient. Most cases had a 
clear-cut etiology; the few with uncertain origins 
could be partially classified and were included in 
the “spontaneous” and “other” categories rather 
than as “unknown.” 

Etiologic diagnosis is relatively easy in an inner- 
city setting such as ours where severe trauma is 
common and tumors and infections are usually far 
advanced at  presentation. On the other hand, ade- 
quate follow-up is difficult; a minority of the pa- 
tients return to clinic, most have no telephone and 
many no fixed address. At best, we could establish 
that 35 patients (16%) had complete resolution of 
their trochlear nerve pareses. 

Discussion. The diagnosis of trochlear palsy has 
been reviewed extensively in recent  article^.^^,^^ 
The relative youth and the male predominance of 
our patients are explained by the high frequency of 
trauma. Blunt head injury is the most common 
cause of unilateral, and especially bilateral, fourth 
nerve injury in all series (table 2). Our hospitals 
serve an inner-city, gang-dominated area, explain- 
ing the unusual number7 of trochlear nerve injuries 
due to penetrating as well as blunt head trauma. 
Minor head trauma is occasionally reported to pre- 
cipitate decompensation of a nerve already compro- 
mised by tumor c o m p r e ~ s i o n . ~ ~  Our trauma pa- 
tients all sustained major head injury, and no un- 
derlying tumors were found. With one possible ex- 
ception, delay in onset of diplopia after trauma rep- 
resented depressed consciousness rather than late 
presentation of neuropathy. Although the third and 
sixth nerves are each injured more often than the 
fourth, the percentage of fourth nerve palsies due to 
trauma is three times that of the third or sixth cra- 
nial nerves at  our hospital.25 

Clinical conjecture,22 supported by limited patho- 
logic evidencez6 and recent imaging sug- 
gests that the trochlear nerve decussation is the 
usual site of bilateral fourth nerve injuries. CT re- 
veals ambient cistern hemorrhage, a useful marker 
for dorsolateral midbrain contusion, in many cases 
of traumatic unilateral fourth nerve paresis. Less 
commonly, fractures adjacent to the cavernous 
sinus damage the fourth as well as the third and 
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sixth cranial nerves. In two of our patients, bullets 
came to rest in the inferior colliculus, resulting in 
permanent fourth nerve injury.27 Surgery was a 
common cause of fourth nerve trauma in our group, 
and attempts to  reanastomose the nerve at  the con- 
clusion of the neurosurgical procedure should be 
encouraged.28 Certainly, nerves like the fourth and 
sixth, which innervate a single muscle, are a much 
more appealing target for restoration than the com- 
plex third nerve, 

None of the fourth nerve palsies caused by tu- 
mors in our series was isolated, and such palsies 
are rarely reported.22 There was no preferred site 
for involvement: tumors occurred along the entire 
course of the fourth nerve from the nucleus and 
fascicles to  the cavernous sinus. Tumor surgery 
was more likely to  cause trochlear nerve damage 
than the tumors themselves. 

In our two patients with aneurysms, the location 
was intracavernous and other eye signs were pres- 
ent. However, of some eight reported cases of sub- 
arachnoid aneurysms causing fourth nerve palsies, 
there are two examples of large unruptured supe- 
rior cerebellar artery aneurysms causing isolated 
trochlear nerve p a l s i e ~ . ~ ~ , ~ ~  Such cases are drawn 
from thousands of trochlear palsies and do not pro- 
vide sufficient grounds to abandon the option of ini- 
tial observation of patients with strongly presumed 
microvascular palsies (those due to  intraneural 
vascular insufficiency in patients who are usually 
hypertensive or diabetic). 

Inflammatory causes, consisting of meningitis, 
cavernous sinus mucormycosis, and cysticercal 
cysts in the aqueduct were relatively common in 
our series. Most of these patients did well except 
for the three fatal mucormycosis cases. Patients 
with diabetic/microvascular causes tend to be man- 
aged in ophthalmologists~ offices or clinics and are 
underrepresented in our inpatient series (table 1). 

Intramedullary involvement of the fourth nerve 
nuclei or fascicles occurred in only 10 of our cases. 
All had other signs and symptoms. Previously re- 
ported neighborhood signs were seen in one patient 
each: opposite Horner’s syndrome” with infarction 
and opposite internuclear ophthalm~plegia~~ follow- 
ing surgery for a cavernous hemangioma. Rarely, 
fourth nerve palsy occurs as the predominant man- 
ifestation of a brainstem stroke.33 

The best guide t o  prognosis is provided by the 
Mayo Clinic s t ~ d i e s . ~ ~ , ~ ~  Overall, recovery of 
trochlear nerve deficits (in 53.5%) was at least as 
good as those of the other ocular motor n e r ~ e s . 3 ~  
After combining the third, fourth, and sixth nerve 
data, microvascular causes had the best prognosis, 
with 72% recovery versus 57% clearing following 
head trauma. The severity of head trauma un- 
doubtedly has a major effect upon recovery; major 
injuries will tend t o  produce irreversible nerve 
avulsions.26 A series that included many patients 
with minor head trauma found 75% r e ~ o l u t i o n ~ ~ ;  
another found 65% resolution in unilateral cases 
but only 25% when both fourth nerves were in- 
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v01ved~~; in a third group, none of 15 trauma pa- 
tients had experienced recovery at  the time of anal- 
ysis.20 

Fourth nerve pareses tend to be underdiagnosed 
on neurologic and neurosurgery services. Stringent 
bed utilization review procedures frequently result 
in discharge as soon as the patient becomes suffi- 
ciently alert to  assist in the diagnosis. Follow-up in 
a convalescent or outpatient setting is particularly 
important for the diagnosis of traumatic fourth 
nerve palsies. 

References 

1. May MT. Galen on the usefulness of the parts of the body. 

2. Vesalius A. De fabrica corporis humanis. Basel, 1543. 
3. Eustachio B. Tabulae anatomicae. Lancisi GM, ed. Rome, 

4. Willis T. Cerebri anatome. London, 1664. 
5. von Soemmerring ST. De basi encephali et originibus nervo- 

rum cranio egredientium libri quinque. Gottingen, 1778. 
6 .  Bell C. The anatomy of the brain explained in a series of en- 

gravings. London: C Whittingham, 1802, plates 7 and 11. 
7. Dixon J .  A guide to the practical study of diseases of the eye. 

2nd ed. Philadelphia: Lindsay & Blakiston, 1860:313-316. 
8. Wells JS. A treatise on the diseases of the eye. 4th h e r .  ed. 

Philadelphia: Henry C Lea’s Son, 1883:685-691. 
9. Gowers WR. A manual of diseases of the nervous system. 

Philadelphia: P Blakiston Son & Co, 1888. 
10. Osler W. The principles and practice of medicine. New York 

D Appleton, 1892:792-795. 
11. Lloyd JH.  Diseases of the cerebrospinai and sympathetic 

nerves in twentieth century practice. TL Sedman, ed. Twen- 
tieth century practice of medicine. New York: William Wood, 

12. Posey WC, Spiller WG. The eye and  nervous system. 
Philadelphia: JP Lippincott, 1906:237. 

13. Ball JM. Modern ophthalmology. 4th ed. Philadelphia: FA 
Davis, 1916:770. 

14. Bielschowsky A. Lectures on motor anomalies of the eyes. 11. 
Paralysis of individual eye muscles. Arch Ophthalmol 
1935;13:33-59. 

15. Hughes EBC. The results of injury to  special parts of the 
brain and skull: the cranial nerves. In: Rowbotham GR. 
Acute injuries of the head. 4th ed. Edinburgh: Livingstone, 
1964:420. 

16. Richards BW, Jones FR, Younge BR. Causes and prognosis 
in 4278 cases of paralysis of the oculomotor, trochlear, and 
abducens cranial nerves. Am J Ophthalmol 1992;113:489- 
496. 

17. Fuller GN, Burger PC. Nervus terminalis (cranial nerve 
zero) in the adult human. Clin Neuropathol 1990;9:279-283. 

18. Parks MM. Isolated cyclovertical muscle palsy. Arch Oph- 
thalmol 1958;60:1027-1035. 

19. Mansour AM, Reinecke RD. Central trochlear palsy. Surv 
Ophthalmol 1986;30:279-297. 

20. Younge BR, Sutula F. Analysis of trochlear nerve palsies; diag- 
nosis, etiology, and treatment. Mayo Clin Proc 1977;52:11-18. 

21. Arruga R, DeRivas P, Espinet HL, Cones G. Chronic isolated 
trochlear nerve palsy produced by intracavernous internal 
carotid a r te ry  aneurysm.  J Clin Neuro Ophthalmol  
1991;11:104-108. 

22. Burger LJ, Kalvin NH, Smith JL. Acquired lesions of the 
fourth cranial nerve. Brain 1970;93:567-574. 

23. Coppeto JM, Lessell S. Cryptogenic unilateral paralysis of 
the superior oblique muscle. Arch Ophthalmol 1978;96:275- 
277. 

24. Jacobson DM, Warner JJ ,  Choucair AK, Ptacek LJ. Troch- 
lear nerve palsy following minor head trauma. J Clin Neuro 
Ophthalmol 1988;8:263-268. 

25. Keane JR, Baloh RW. Posttraumatic cranial neuropathies. 

Ithaca, NY: Cornell University Press, 1968:438. 

1714, plate 18, section 5 .  

1897:149-150. 



Neurol Clin 1992;10:849-867. 
26. Heinze J .  Cranial nerve avulsion and other neural injuries 

in road accidents. Med J Aust 1969;2:1246-1249. 
27. Keane JR. Trochlear nerve pareses with brainstem lesions. J 

Clin Neuro Ophthalmol 1986;6:242-246. 
28. Sindou M, Gilg A, Vighetto A, Jouvet A. Cryptic angioma in 

the trochlear nerve. Excision of the invaded portion and suc- 
cessful repair with an autologous graft: case report. Neuro- 
surgery 1992;30:255-258. 

29. Agostinis C, Caverni L, Moschini L, Rottoli MR, Foresti C. 
Paralysis of fourth cranial nerve due to superior cerebellar 
artery aneurysm. Neurology 1992;42:457-458. 

30. Collins TE, Mehalid TF, White TK, Pezzuti RT. Trochlear 
nerve palsy as the sole sign of an aneurysm of the superior 
cerebellar artery. Neurosurgery 1992;30:258-261. 

31. Guy J ,  Day AL, Mickle JP, Schatz N J .  Contralateral  

trochlear nerve paresis and ipsilateral Horner’s syndrome. 
Am J Ophthalmol 1989;107:73-76. 

32. Vanooteghem P, Dehaene I, Van Zandycke M, Casselman J .  
Combined trochlear nerve palsy and internuclear ophthal- 
moplegia. Arch Neurol 1992;49:108-109. 

33. Kim JS, Kang JK, Lee SA, Lee MC. Isolated or predominant 
ocular motor nerve palsy as a manifestation of brain stem 
stroke. Stroke 1993;24:581-586. 

34. Rush JA, Younge BR. Paralysis of cranial nerves 111, IV, and 
VI: cause and prognosis in  1000 cases. Arch Ophthalmol 

35. Teller J, Karmon G, Savir H. Long-term follow-up of trau- 
matic unilateral superior oblique palsy. Ann Ophthalmol 
1988;20:424-425. 

36. Sydnor CF, Seaber JH, Buckley EG. Traumatic superior 
oblique palsies. Ophthalmology 1982;89:134-138. 

1981;99:76-79. 

December 1993 NEUROLOGY 43 2443 



DOI 10.1212/WNL.43.12.2439
1993;43;2439 Neurology 

James R. Keane
Fourth nerve palsy: Historical review and study of 215 inpatients

This information is current as of December 1, 1993

Services
Updated Information &

 http://www.neurology.org/content/43/12/2439.full.html
including high resolution figures, can be found at:

Citations

 cles
http://www.neurology.org/content/43/12/2439.full.html##otherarti
This article has been cited by 3 HighWire-hosted articles: 

  
Permissions & Licensing

 http://www.neurology.org/misc/about.xhtml#permissions
or in its entirety can be found online at:
Information about reproducing this article in parts (figures,tables)

  
Reprints

 http://www.neurology.org/misc/addir.xhtml#reprintsus
Information about ordering reprints can be found online:

Neurology. All rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
since 1951, it is now a weekly with 48 issues per year. Copyright © 1993 by the American Academy of 

® is the official journal of the American Academy of Neurology. Published continuouslyNeurology 

http://www.neurology.org/content/43/12/2439.full.html
http://www.neurology.org/content/43/12/2439.full.html##otherarticles
http://www.neurology.org/content/43/12/2439.full.html##otherarticles
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus

