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Abstract

Background: Marcus Gunn jaw-winking synkinesis (MGJWS) is characterized by eyelid ptosis, which disappears during jaw
movement. Familial MGJWS is an extremely rare condition. Some authors suggested that MGJWS is due to neural
misdirection in the brainstem whereas others suggested that aberrant reinnervation or ephapse may be responsible for
synkinetic activity. Pathogenesis of this condition is therefore still unclear.

Methodology/Principal Findings: To investigate pathogenetic mechanism in familial MGJWS we performed neurophys-
iological (EMG, Blink Reflex, Recovery cycle of the R2 component of the blink reflex, Masseter inhibitory reflex, BAEPS and
kinematic analysis) and neuroradiological (MRI, Diffusion Tensor Imaging) investigations in a member of a multigenerational
family with autosomal dominant Marcus Gunn jaw-winking synkinesis (MGJWS). Kinematic analysis of eyelid and jaw
movements disclosed a similar onset and offset of the eyelid and jaw in both the opening and closing phases. The
excitability of brainstem circuits, as assessed by the blink reflex recovery cycle and recovery index, was normal. Diffusion
Tensor Imaging revealed reduced fractional anisotropy within the midbrain tegmentum.

Conclusions/Significance: Kinematic and MRI findings point to a brainstem structural abnormality in our familial MGJWS
patient thus supporting the hypothesis of a neural misdirection of trigeminal motor axons to the elevator palpebralis
muscle.

Citation: Conte A, Brancati F, Garaci F, Toschi N, Bologna M, et al. (2012) Kinematic and Diffusion Tensor Imaging Definition of Familial Marcus Gunn Jaw-Winking
Synkinesis. PLoS ONE 7(12): e51749. doi:10.1371/journal.pone.0051749

Editor: Celia Oreja-Guevara, University Hospital La Paz, Spain

Received June 26, 2012; Accepted November 5, 2012; Published December 17, 2012

Copyright: � 2012 Conte et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: These authors have no support or funding to report.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: alfredo.berardelli@uniroma1.it

Introduction

Marcus Gunn jaw-winking synkinesis (MGJWS) is characterized

by eyelid ptosis, which disappears during jaw movement. MGJWS

is usually considered a sporadic condition, though familial cases

have been documented [1]. Mutations in the TUBB3 gene,

encoding beta-tubulin isotype III, have been identified in

a spectrum of disorders characterised by central nervous system

and oculomotor abnormalities, including MGJWS [2].

Neurophysiological studies have suggested that the Marcus-

Gunn phenomenon may be due to a congenital neural mis-

direction of trigeminal motor axons of the external pterygoid

muscle (responsible for jaw depression and protraction) to the

elevator palpebralis muscle [3]. Other authors have instead

suggested that the Marcus-Gunn phenomenon may originate

from aberrant reinnervation at the brainstem level rather than at

the peripheral level [4]. Aberrant reinnervation may be secondary

to brain damage occurring during embryonic development or may

be caused by ephaptic transmission between adjacent axons.

Familial MGJWS is extremely rare. More information on the

clinical, neurophysiological and neuroimaging features of patients

with familial MGJWS is needed to provide an insight into the

pathogenesis of this condition.

In the present paper we describe the clinical, neurophysiological

(kinematic analysis of the jaw-winking synkinesis and Recovery

cycle of the R2 component of the blink reflex) and neuroimaging

(Magnetic Resonance Imaging - MRI, Diffusion Tensor Imaging -

DTI) findings in a member of a multigenerational family with

autosomal dominant MGJWS.

Subjects and Methods

Subjects
A 37-year-old man presented with right eyelid ptosis, which

disappeared when the patient opened his mouth and reappeared

when he closed his mouth. Synkinetic activation of the left

orbicularis oculi muscle when attempting to voluntarily open the

right eyelid was also present. Symptoms had been present since
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birth. The subject’s family history revealed that both his father and

two paternal uncles were affected by the same disorder.

The neurological examination disclosed no further abnormality

while the ophthalmological examination revealed eterophory at

distance and vertical strabismus. Electromyography (EMG)

recordings from the facial muscles were normal, as were the

brainstem auditory evoked potentials.

The control group for the neuroradiological examinations

comprised 29 age- and sex-matched healthy subjects (4165.6

years). Twenty out of the 29 healthy volunteers were also involved

in the neurophysiological investigations (age: 3765.0 years). Both

the MGJWS patient and the healthy subjects gave their written

informed consent to the experimental procedures, which were

approved by the Ethics Committee of University of Rome

‘‘Sapienza’’ and conducted in accordance with the Declaration

of Helsinki.

Neurophysiological Assessment
The kinematics of the eyelid and jaw movement was recorded

using a 3D optoelectronic motion system (SMART motion system,

BTS, Milan, Italy). The displacement of the reflective marker

taped on the centre of the lower margin of the upper eyelid and on

the mental prominence of the jaw in three-dimensional space was

reconstructed off-line by a dedicated software (SMART Analyzer,

BTS, Milan, Italy). Onset, offset, duration, peak velocity and

amplitude were automatically computed for each downward and

upward eyelid and jaw movement [5,6]. Differences between the

onset of eyelid and jaw movement were calculated. The Paired-

sample T test was used to compare the onset of the upper eyelid

and jaw movements during jaw opening and closing. Pearson’s

correlation coefficient was used to analyse movement duration of

eyelid and jaw opening and closing movements.

The blink reflex, the masseter inhibitory reflex and the blink

reflex recovery cycle were performed according to previously

described techniques [7,8]. The blink reflex recovery cycle was

studied by delivering paired electrical shocks to the supraorbital

nerve at interstimulus intervals (ISI) of 250 and 500 ms. The R2

recovery index was also calculated.

Neuroimaging Assessment
All the subjects underwent an MR imaging examination on a 3T

scanner system (Intera Achieva, Philips Medical Systems, Best,

The Netherlands). Diffusion-weighted images were corrected for

head motion and eddy current distortions using FDT (FMRIB’s

Diffusion Toolbox 2.0) [9], after which brain tissue was segmented

using BET. Tensor fitting employed a constrained non-linear least

squares procedure (CAMINO) [10], followed by Fractional

Anisotropy (FA) map estimation. Voxelwise statistical analysis of

the data was carried out using Tract-Based Spatial Statistics

(TBSS) [11]. TBSS projects all the subjects’ FA data onto a mean

FA tract skeleton, before applying voxelwise cross-subject statistics.

The latter included full correction for multiple comparisons over

space using permutation-based non-parametric inference (50,000

permutations). P-values were calculated and corrected for multiple

comparisons using the ‘‘2D’’ parameter settings with threshold-

free cluster enhancement [12].

Results

The patient’s clinical examination showed that jaw opening and

closing movements elicited eyelid-jaw synkinetic activity. The

kinematic analysis did not reveal any significant differences

between the onset of eyelid and jaw opening and the offset of

eyelid and jaw closing (p= 0.34). Pearson’s correlation coefficient

disclosed a significant correlation between movement duration of

the eyelid and jaw during both the opening (r = 0.58, r2 = 0.33,

p = 0.01) and closing phases (r = 0.61, r2 = 0.37, p = 0.009)

(figure 1). The patient’s blink reflex test and the masseter

inhibitory reflex yielded normal findings (R1 mean laten-

cy = 10.2 ms, ipsilateral R2 mean latency = 36.0 ms and contra-

lateral R2 mean latency = 36.3 ms; ipsilateral SP1 mean latency

11.7 ms and SP2 mean latency= 38.5 ms, contralateral SP1 mean

latency 12.0 ms and SP2 mean latency = 39.1 ms). The blink

reflex recovery cycle and R2 recovery index was comparable to

those of a group of 20 healthy subjects (R2 area expressed as

percentage of the unconditioned R2= 18% at 250 ms, 35% at

500 ms; R2 recovery index as a percentage = 26.5).

Conventional T1, T2 and FLAIR images were normal in all the

brain regions. TBSS revealed a reduction in FA in the oculomotor

nuclear complex, reticular formation and central tegmental tract

areas (figure 2). No MD abnormalities were detected.

Discussion

The kinematic analysis performed in this patient showed that

the MGJWS was characterized by a similar onset and offset of the

eyelid and jaw movements in both the opening and closing phases.

We also found normal brainstem excitability, as assessed by the

blink reflex recovery cycle and recovery index. Lastly, the

neuroimaging investigation disclosed distinctive abnormalities in

the FA value of the brainstem.

In normal subjects, eyelid activation involves three neural

pathways: the elevator palpebralis muscle, which is innervated by

the oculomotor nerve, raises the upper eyelid; gentle upper eyelid

closure depends on the inhibition of motor axons directed to the

elevator palpebralis muscle, which occurs in the brainstem at the

level of trigeminal motor nucleus; forced eyelid closure depends on

the orbicularis oculi muscle, which is innervated by the facial

nerve. Previous observations of MGJWS have suggested that jaw

and eyelid synkinetic activity is due to ephaptic activation of

motorneurons directed to the elevator palpebralis muscle when the

pterigoideus muscle is activated [13]. Ephaptic transmission

propagates neural impulses between adjacent cells through

electrotonic mechanisms, thereby resulting in crosstalk between

adjacent axons [13], and ephaptic activity between mammalian

axons occurs as a transient phenomenon following acute injury of

normal peripheral nerves [14]. Spontaneous activity in ephapti-

cally interacting pairs of fibres generally persists for a short period

of time, with ephaptic activity in the excited fibres being

characterized by lack of uniformity in the propagation of impulses

away from the ephapse in two directions [14]. In the patient we

studied, the kinematic observation over time of stereotyped,

reproducible and stable eye-jaw synkinetic movements, in both the

opening and closing phases, indicates that an ephaptic mechanism

is unlikely to be involved in the pathophysiology of familial

MGJWS. Our observations therefore suggest that MGJWS is due

to neural misdirection of motor axons in the brainstem. A

limitation of the study is that as in the patient we studied we did

not perform polygraphic needle EMG recordings from the

elevator palpebralis muscle [8] and pterygoideous muscle, we

cannot completely ruled out the possibility that ephaptic trans-

mission could be responsible of the synkinetic activation.

Reduced FA in the brainstem of MGJWS, however, further

supports the hypothesis of neural misdirection in the brainstem.

The FA alterations were localized within the midbrain tegmen-

tum, where the oculomotor nuclear complex, the reticular

formation and the central tegmental tracts are located. These

observations point to a structural basis of MGJWS. FA is highly
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sensitive to subtle differences in white matter architecture at the

microstructural level and FA alterations reflect changes in the

alignment of cellular structures within fiber tracts and in their

structural integrity [15–17]. Moreover, the sensitivity of DTI-

based techniques has been confirmed in congenital brain

anomalies [18]. Our MGJWS patient also had synkinetic

activation of the left orbicularis oculi muscle when attempting to

voluntarily open the right eyelid. The bilateral neuroradiological

FA abnormality we found in the patient is consistent with the

right-to-left elevator palpebralis-orbicularis oculi muscles synki-

netic activity. Although there is some evidence of synkinetic

activation of the orbicularis oculi muscle during jaw movements,

possibly due to peripheral anastomosis (trigemino-facial associated

movement) [19], to our knowledge, this is the first report showing

a patient with isolated MGJWS affected by involuntary contrac-

tion of the orbicularis oculi muscle due to the activation of the

contralateral elevator palpebralis muscle. Since the FA alterations

we observed may also be due to variance inflation or to a heavier

tailed distribution, we cannot exclude the possibility that this

patient was a false-positive case, though the congruence between

the localization of the altered FA values and the clinico-

neurophysiological findings suggests this hypothesis is unfounded.

The blink reflex recovery cycle is a technique specifically

designed to evaluate the excitability of the orbicularis oculi reflex

in the brainstem [7]. Previous studies [20,21] have reported that

the blink reflex recovery cycle is abnormal in patients with

dystonia affecting sites other than the facial muscles, a finding

ascribed to an abnormal control of the interneuronal networks

mediating the blink reflex. They also concluded that the close

proximity to the cranial muscles played an important role in

determining the extent of abnormal interneuron function.

However, although neural circuits underlying blink reflex and

Figure 1. Left: velocity curves for eyelid-jaw synkinesis in a patient with familial Marcus Gunn jaw-winking synkinesis (MGJWS).
Black line represents velocity trace of jaw movement, gray line represents velocity trace of eyelid movement. The x-axis corresponds to time (ms) and
the y-axis to velocity (mm/s). The first peak in the velocity trace corresponds to the peak velocity of the opening phase, the second peak-to-peak
velocity of the closing phase. Right: Upper panel. Correlation between jaw opening duration and eyelid opening duration expressed in milliseconds.
Lower panel. Correlation between jaw closing duration and eyelid closing duration expressed in milliseconds.
doi:10.1371/journal.pone.0051749.g001
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the eyelid-jaw synkinesis do not overlap, the finding of a normal

blink reflex recovery cycle suggests that eyelid-jaw synkinetic

activity and right-to-left synkinesis unlikely depend on widespread

brainstem hyper-excitability.

To our knowledge, this is the first study conducted by means of

both neurophysiological and neuroradiological techniques dem-

onstrating a structural abnormality in the brainstem, thus

supporting the hypothesis of a neural misdirection of trigeminal

motor axons to the elevator palpebralis muscle.

Acknowledgments

The authors are grateful to Prof. Giovanni Simonetti, Head of the

Department of Diagnostic Imaging, Molecular Imaging Interventional

Radiology and Radiotherapy at ‘‘Tor Vergata’’ University of Rome, for his

continual support.

Author Contributions

Conceived and designed the experiments: AB AC. Performed the experi-

ments:MBMFACFG.Analyzedthedata:NTACPB.Contributedreagents/

materials/analysis tools: FG FB.Wrote the paper: AC ABRFGF BD.

References

1. Kirkham TH (1969) Familial Marcus Gunn phenomenon. Br J Ophthalmol 53:

282–283.

2. Tischfield MA, Baris HN, Wu C, Rudolph G, Van Maldergem L, et al. (2010)
Human TUBB3 mutations perturb microtubule dynamics, kinesin interactions,

and axon guidance. Cell 140: 74–87.
3. Hepler RS, Hoyt WF, Loeffler JD (1968) Paradoxical synkinetic levator

inhibition and excitation. An electromyographic study of unilateral oculopal-

pebral and bilateral mandibulopalpebral (Marcus Gunn) synkineses in a 74-year-
old man. Arch Neurol 18: 416–424.

4. Engle EC (2007) Oculomotility disorders arising from disruptions in brainstem
motor neuron development. Arch Neurol 64: 633–637.

5. Agostino R, Bologna M, Dinapoli L, Gregori B, Fabbrini G, et al. (2008)

Voluntary, spontaneous, and reflex blinking in Parkinson’s disease. Mov Disord
23: 669–675.

6. Bologna M, Agostino R, Gregori B, Belvisi D, Ottaviani D, et al. (2009)
Voluntary, spontaneous and reflex blinking in patients with clinically probable

progressive supranuclear palsy. Brain 132: 502–510.
7. Conte A, Fabbrini G, Belvisi D, Marsili L, Di Stasio F, et al. (2010) Electrical

activation of the orbicularis oculi muscle does not increase the effectiveness of

botulinum toxin type A in patients with blepharospasm. Eur J Neurol 17: 449–455.
8. Aramideh M, Ongerboer de Visser BW (2002) Brainstem reflexes: electro-

diagnostic techniques, physiology, normative data, and clinical applications.
Muscle Nerve 26: 14–30.

9. Smith SM, Jenkinson M, Woolrich MW, Beckmann CF, Behrens TE, et al.

(2004) Advances in functional and structural MR image analysis and
implementation as FSL. Neuroimage 23: S208–219.

10. Alexander DC, Barker GJ (2005) Optimal imaging parameters for fiber-
orientation estimation in diffusion MRI. Neuroimage 27: 357–367.

11. Smith SM, Jenkinson M, Johansen-Berg H, Rueckert D, Nichols TE, et al.

(2006) Tract-based spatial statistics: voxelwise analysis of multi-subject diffusion

data. Neuroimage 31: 1487–1505.

12. Smith SM, Nichols TE (2009) Threshold-free cluster enhancement: addressing

problems of smoothing, threshold dependence and localisation in cluster

inference. Neuroimage 44: 83–98.

13. Brodsky M (2010) Pediatric Neuro-Ophthalmology. Springer.

14. Rasminsky M (1980) Ephaptic transmission between single nerve fibres in the

spinal nerve roots of dystrophic mice. J Physiol 305: 151–169.

15. Le Bihan D, Mangin JF, Poupon C, Clark CA, Pappata S, et al. (2001) Diffusion

tensor imaging concepts and applications. J Magn Reson Imaging 13: 534–546.

16. Bolacchi F, Garaci FG, Martucci A, Meschini A, Fornari M, et al. (2012)

Differences between proximal versus distal intraorbital optic nerve diffusion

tensor magnetic resonance imaging properties in glaucoma patients. Invest

Ophthalmol Vis Sci 53(7): 4191–6.

17. Della Nave R, Ginestroni A, Diciotti S, Salvatore E, Soricelli A, et al. (2011)

Axial diffusivity is increased in the degenerating superior cerebellar peduncles of

Friedreich’s ataxia Neuroradiology 53: 367–372.

18. Glenn O (2011) Contributions of diffusion-weighted imaging to fetal and

neonatal imaging. Top Magn Reson Imaging 22: 3–9.

19. Rana PV, Wadia RS (1985) The Marin-Amat syndrome: an unusual facial

synkinesia. J Neurol Neurosurg Psychiatry 48: 939–941.

20. Nakashima K, Rothwell JC, Thompson PD, Day BL, Berardelli A, et al. (1990)

The blink reflex in patients with idiopathic torsion dystonia. Arch Neurol 47:

413–416.

21. PaulettiG,Berardelli A,CruccuG,AgostinoR,ManfrediM (1993)Blink reflex and

the masseter inhibitory reflex in patients with dystonia. Mov Disord 8: 495–500.

Figure 2. Significant reduction in FA (voxels in red) in the brainstem of a patient with familial Marcus Gunn jaw-winking synkinesis
(MGJWS) overlaid on the MNI T1 non-linear template image. The FA alterations are localized within the midbrain tegmentum, the reticular
formation and the central tegmental tracts.
doi:10.1371/journal.pone.0051749.g002

Familial Marcus Gunn Synkinesis

PLOS ONE | www.plosone.org 4 December 2012 | Volume 7 | Issue 12 | e51749


