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findings coexists simultaneously and hence are referred 
to as syringohydromyelia. Chiari malformation  (CM) is a 
common cause of cervical SM. Incidence in population is 
around 8.4 cases per 100,000 person, presenting in third or 
fourth decade of life with mean age of presentation around 
30  years. SM is classified into four types: Communicating, 
noncommunicating, atrophic cavitation  (syringomyelia ex 
vacuo), and neoplastic cavitation. Communicating SM is due 
to obstruction of CSF pathways, located distal to the fourth 
ventricular outlets, creating a syrinx that communicates with 
the fourth ventricle while noncommunicating SM, the syrinx 
and dilated central canal do not communicate with the fourth 
ventricle, and the obstruction is usually located at or below 
the level of the foramen magnum. The latter type of SM is 
commonly associated with Arnold‑Chiari type I malformation 
in nearly 50% of cases, where CSF flow from the posterior fossa 
to the spinal canal is obstructed.[1,2]

While other causes of syringomyelia include hindbrain 
anomalies, neoplastic disease, inflammatory conditions, and 

Introduction

Syringomyelia  (SM) is a condition in which abnormal 
development of cyst or cavity occurs within the spinal cord 
commonly referred to as syrinx. The abnormal dilatation 
of central canal is referred to as hydromyelia.The above 

Address for correspondence: 
Dr. Survendra Kumar Rajdeo Rai, Department of Neurosurgery,  
Seth G. S. M. C. and K. E. M. Hospital, Acharya Donde Marg,  
Parel, Mumbai, Maharashtra - 400 012, India. 
E‑mail: rskrrai@gmail.com

Volume change theory for syringomyelia: A new 
perspective
Survendra Kumar Rajdeo Rai, Pooja Survendra Kumar Rai1

Department of Neurosurgery, Seth Gordhandas Sunderdas Medical College and King Edward Memorial Hospital, 
1Department of Biochemistry, Lokmanya Tilak Municipal Medical College and Lokmanya Tilak Municipal General Hospital, 
Sion, Mumbai, Maharashtra, India

Background: The etiopathogenesis of syringomyelia is still an enigma. The authors present a novel theory based on fluid 
dynamics at the craniovertebral (CV) junction to explain the genesis of syringomyelia (SM). The changes in volume of 
spinal canal, spinal cord, central canal and spinal subarachnoid space (SSS) in relation to the posterior fossa have been 
analysed, specifically during postural movements of flexion and extension. The effect of fluctuations in volume of spinal 
canal and its contents associated with cerebrospinal fluid (CSF) flow dynamics at the CV junction have been postulated 
to cause the origin and propagation of the syringomyelia. The relevant literature on the subject has been reviewed and the 
author's theory has been discussed.
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spinal SAS CSF exchange which during postural changes is compensated  by cavitatory/cystic (syrinx) change at locations 
in cervical and lumbar spine with  propensity for maximum deformation. Augmentation of posterior fossa volume by 
decompression helps by normalization of this CSF exchange dynamics but immobilizing the spinal movement   theoretically 
will cease any dynamic volume changes thereby minimizing the destructive influence of the fluid exchange on the cord. 
Thus, this theory strengthens the rational of treating patients by either methodology.
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trauma.[3,4] The syrinx cavity may remain static or enlarge in 
size over a period of time. They may enlarge symmetrically 
with enlargement of central canal, paracentrally in one or 
more focal areas or eccentrically off the center.[5] Signs of this 
disorder tend to develop rather slowly, however sudden onset 
may occur with coughing, straining, or myelopathy.[6] This 
pattern of enlargement results in motor and sensory changes 
with severity of clinical manifestations depending upon the 
location and the size of the syrinx.

Review of Literature

Several theories have been put forth to explain the pathogenesis 
of SM, chief among them is Gardner’s hydrodynamic theory 
which is widely accepted for more than two decades. 
Gardner attributed the genesis of SM to craniospinal 
pressure differentials in the setting of fourth ventricular 
outlet obstruction; these differentials favor CSF shifts from 
the fourth ventricle of the brain through the central canal 
of the spinal cord. Majority consider abnormal craniospinal 
hydrodynamics due to obstructed CSF flow. He proposed that 
syrinx communicated freely with the fourth ventricle in CM 
patients and its enlargement was suggested due to altered 
stresses in the hindbrain region. But syrinx cavity was not 
found often to communicate freely with the fourth ventricle.[7-9]

Williams proposed a suck and slosh mechanism in which 
involved longitudinal pressure dissociation between the head 
and spine called Craniospinal pressure dissociation which is 
due to partial blockage in the spine. The baseline pressures in 
the head and spine are usually equal in humans if measured 
at rest. Transient craniospinal pressure dissociation has been 
found by subtracting the ventricular pressure from the spinal 
subarachnoid pressure The pressure tracing shows upward 
deflection suggestive of the pressure difference available 
for the fluid movement upwards and vice versa. Whenever 
abdominothoracic pressure rises, the epidural venous plexus 
pressure increases causing engorgement around the dural sac 
leading to upward movement of CSF from the lumbar spine 
to the head. Coughing displaces CSF upwards with pressures 
beyond 100 mm/Hg lasting less than a second which is very 
destructive. The CSF pressure drops almost equally rapidly to 
its resting position. Pressure difference beyond 100 mm/Hg has 
been found in those with hindbrain hernia. The suck occurs 
during the post‑Valsalva rebound. During coughing or Valsalva 
the CSF moves more easily towards the area of least resistance 
in the rostral direction as compared to caudal direction which 
is due to ball‑valve effect at the foramen magnum.[2,10,11]

This ball‑valve effect causes longitudinal pressure gradients in 
the spinal canal. To validate his hypothesis, Williams Obtained 
pressure measurements throughout the CSF system on both 
humans and animals.[12‑17] Williams provided evidence for 
longitudinal pressure dissociation (LPD) due to flow obstruction 

which explained a mechanism causing movement of fluid 
within the cavity rather than bulk movement. He postulated 
that pressure gradients exaggerated by enlargement of the 
syrinx, explaining how larger diameter syrinxes progress faster 
than smaller ones[18,19] and suggested that the size of the syrinx 
may be related to the CSF pulsation.[20‑23]

Ball and Dayan postulated in that CSF was forced though 
the Virchow‑Robin spaces into the spinal cord forming a 
cyst.[24] Histopathological study of affected spinal cord tissue 
revealed dilated perivascular spaces. He thought that the 
syrinx formation was caused by flow obstruction leading 
to prolonged increased pressure in the CSF system. The 
communication between the CSF and extracellular fluid has 
been shown in a number of studies.[25,26]

Oldfield et al., postulated a systolic pressure theory for the 
progression of a syrinx in patients with CM.[27,28] He suggested 
that brain expansion occurs during systole leading to CSF 
pressure wave travelling down the SAS across the foramen 
magnum which was obstructed at the foramen magnum. And 
this led to pegging of the lower cerebellar tonsils functioning 
like piston leading to impaction at the foramen magnum 
resulting in CSF movement through the perivascular spaces 
or dorsal root entry zone. During intra‑operative ultrasound 
he recorded the tonsillar movement. He was successful in 
throwing light on a possible mechanism for damage to the 
spinal cord due to the piston effect, but could not provide 
pressure evidence to explain CSF movement through the cord 
tissue and into the syrinx.[29]

Greitz suggested that increase in CSF pulse pressure was 
encountered in the vicinity of a SAS obstruction which is found 
in CM and patients of post traumatic syringomyelia leading to 
accumulation of fluid and distension of spinal cord (SC).[30,31] 
Also Venturi effect was suggested to cause outward movement 
of the SC leading to suction effect on the cord surface. So the 
combined effect of flow obstruction and localized pressure 
drop leads to accumulation of extracellular fluid in the cord. 
As per his opinion dilated caudal section of the syrinx pointed 
to the fact that there should be a decrease in CSF pressure in 
the adjacent SAS region, and he supported his argument with 
dilation that persisted when systolic CSF flow occurred in the 
nearby SAS.[27,32] Thus, Venturi effect provides reasoning for the 
transient pressure gradient to expand the SC tissue locally, but 
experimental evidence was lacking and he could not provide 
answer for the elevated mean syrinx pressure.[29,33]

Brodbelt et al., suggested that syrinx formation occurred if 
the normal flow of CSF through the perivascular spaces was 
hampered or obstructed by perturbations such as an arachnoid 
cyst, CM, SC tethering or loss of compliance. Stoodley et al., 
found that all cystic cavities in the SC, whether canalicular or 
extra canalicular, are produced by this mechanism.[34] Stoodley, 
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Brodbelt, Bilston, et al. performed many in vivo experiments to 
demonstrate the movement of extracellular fluid into the SC and 
the central canal, showing in one study that more than a quarter 
of the patients with SC injury develop SM.[10,30,34-40] The extent 
of oedema is related to the amount of trauma experienced by 
the SC.[37,38] Stoodley et al., proposed that the pooling of CSF in 
the syrinx is most likely caused by an imbalance of CSF flow 
moving into and out of the cyst,[41] but the passive mechanism 
for CSF transport could not be explained as the syrinx pressure 
was found to be greater than SAS pressure.[13,20,29]

Bilston, Brodbelt et al., conducted their reaserch to find the 
influence of relative phase of arterial and CSF pulsations and 
its effect in the perivascular spaces.[34] Arterial pulsations 
resulted in an active mechanism causing perivascular flow into 
the SC even with very low pressure gradients.[7,11,34] In vivo and 
vitro studies suggested possible fluid conduit and identified a 
valve‑like transport mechanism.[32,34,36,39,40,41]

Greitz was of opinion that the dye tracer injection studies of 
Stoodley et al., did not prove bulk fluid motion, instead this 
was due to diffusion of fluid into the syrinx cavity without a 
preferred direction.[30] Venous congestion theory of Levine[33] 
proposed that CM causes obstruction of foramen magnum 
leading to higher CSF pulsations above the blockage. The CSF 
pressure in the SAS is dependent upon the venous pressure 
during diastole and the arterial pressure during systole and 
the CSF moving into the extra cellular spaces is dependent on 
the CSF flow waveform. If flow is obstructed at the foramen 
magnum the veins collapse above the blockage and increase 
in size below the blockage this mechanism results in venous 
congestion and ultimately to the formation of a syrinx but 
there was no experimental proof.[31,42-44]

Iskandar et  al., reported five cases of SM due to Chiari‑like 
pathological conditions in which hindbrain herniation was 
lacking and Inspite of this his patients responded to traditional 
posterior fossa decompression surgery.[28] Carpenter et  al., 
and Berkouk et al. Bertram et al. and Cirovic et al., developed 
computational models of fluid‑filled coaxial elastic tube 
systems similar to that found in SM.Carpenter was of opinion 
that elastic jump may result in transient rises in SAS pressure 
near a spinal stenosis site.[10,18,19,45,46]

Chang et al., developed an electrical circuit model.[47] Bilston 
et al., developed a computational model of arachnoiditis in 
PTS modelled as a porous obstruction in the SAS, and found 
that peak pressures in the SAS were strongly dependent on 
obstruction permeability.[35,48]

Hydrodynamic modelling of the pulsatile CSF flow in the spinal 
SAS was done by Loth et al. The computational model can be 
used to detail the spatial pressure environment, but have their 
own limitation due to assumptions such as axisymmetric 
motion and generalization of tissue properties.[49] However 

paper by Elliot et al. do not support the elastic jump hypothesis 
which rely on impulse generated due to cough as a mechanism 
for the pathogenesis of SM.[50]

Discussion

First of all we must acknowledge the fact that all most all 
humans are born normal except those born with dysraphism/
congenital anomalies. Since we do not find congenital syrinx. 
We must admit the fact that these syrinx develop over period 
of time and to begin with all are normal. So there must be 
some chronic recurrent event occurring over period of time 
to cause syrinx. Hence the pathophysiology must be linked 
with some normal activities which when present in some 
special situation will lead to syrinx. Authors have tried to link 
the phenomenon of syrinx to the most commonly performed 
action right from birth till death that is flexion extension, 
lateral bending and rotation.

Whatever may be the movement of spine in whichever position 
there is a definite change in the volume of the spinal cord 
and the spinal canal formed by the bony elements and the 
movement of the CSF in the above situation. Indeed this a very 
dynamic process which starts right from the intrauterine fetal 
movements till the last breath of life. Hence authors would 
try to throw light on the normal changes occurring in spinal 
canal volume, spinal cord volume, central canal volume and 
subarachnoid space volume in both the places one in spinal 
canal and another in posterior fossa. And their impact over 
period of time, I would like to first discuss about the various 
volumes of spinal cord, spinal canal and central canal. Dynamic 
changes occurring in spinal canal formed by the bony elements 
viz. let volume in neutral position be V. As per Breig A et. al. 
on hyperextension there is narrowing of the spinal canal by 
shingling the laminae and buckling of the ligamentum flavum 
so volume Ve in extension will be less than that in flexion 
i.e. Vf.[51,52] During flexion cord stretches and it shortens and 
thickens with extension. There is change in both length and 
circumference of the cervical spinal cord between extended 
and flexed positions.

Ko et al., showed that the transverse (TS) diameter is largest 
at segment C5 and it decreases progressively to segment T8. 
However sagittal diameter of each segment does not change 
significantly.TS diameters of the segments determines the 
cervical and lumbar enlargements. The Variability of the 
TS diameter is more prominent than that of the sagittal 
diameter at each segment level. So transverse diameter is a 
more significant measurement for the cross‑sectional area.The 
cervical and lumbar enlargements are more dependent on the 
TS diameter than that on the sagittal diameter. Segment C5 
has the largest cross‑sectional area of 75.0 mm2. Segment T6 is 
the longest, averaging 22.4mm in length. The longest segment 
of cervical spinal cord is segment C5 which is 15.5 mm and 
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segment L1 in the lumbar spinal cord. The volume is largest 
at segment C5 with a value of 1173.9 mm3.[53]

Sherman et al., reported that cervical enlargement is usually 
not visualized on sagittal images because it is present mainly in 
the axial plane, and it maybe seen on coronal images.[54] There 
is clear evidence provided by MRI study done by Kuwazawa 
et al., for the fact that significant differences occur in anterior 
cervical spinal cord circumference (ACSCC) in extension, neutral 
and flexion. In the recumbent and erect series, ACSCC is larger 
in extension than that in neutral and flexion at all levels. ACSCC 
was measured at following levels C2/3, C3/4, C4/5, C5/6, and 
C6/7 disc levels.[55,56]

Chu et al. described a similar changes in spinal cord shape 
between thoracic adolescent idiopathic thoracic scoliosis and 
normal subjects measured as the ratio of antero‑posterior to 
TS diameter of the cord.[57,58]

Breig et  al., showed through cadaveric studies transverse 
sections of the spinal cords at T3 level in forward flexion and 
extension showing the rounder shape of the cord in extension. 
Normal adult spinal canal is elongated during forward flexion 
and the neuraxis is axially stretched due to its cranial and 
caudal points of fixation and, when extended backward it is 
slackened. In vivo human cervical spinal cord is subjected to 
deformation and displacement in flexion.[51]

Yuan, Dougherty, Margulies has concluded in his paper 
that between a neutral posture and full flexion, the entire 
cord (C2‑C7) elongated linearly with head flexion, increasing 
10% and 6% of its original length along the posterior and 
anterior surfaces.[59]

Smith CG et al. pointed in monkey that during flexion cervical 
cord stretches most  (24%) and least in the caudal cord  (4%). 
During flexion below the mid cervical level movements in flexion 
is towards the head and above this level is away from it. At each 
segment of cord, the stretch of the cord is proportional to the 
amount of flexion at the joint immediately ventral to it, which 
was found to be greatest in the lower cervical and upper thoracic 
segments, and up to 24% in amount and an average value of 
10 movements of the head and spine. Movement was found to 
be greatest between roots C8 to T5 which was ranging up to 
1.8 cm and this was associated with increase in the length of the 
spinal canal during flexion thereby stretching of the cord and 
dura, predominantly between levels of roots C2 to T1. Greatest 
stretch was found in approximately in the same region with a 
maximum of 17–6% with an average value of 10%.[60]

Holmes A et al., has also concluded that changes in cervical 
canal spinal volume during in  vitro flexion‑extension. 
The average change in volume of the spinal canal with 
flexion‑extension motion was found to be 1.9  ml. A  linear 
correlation with regard to dynamic canal width and also with 

the total angle of flexion or extension.[61] The above fact has 
been verified by axial computed tomography scans which 
shows significantly decreased canal area during extension, 
midsagittal diameter, and sub articular sagittal diameter, 
while flexion has the opposite changes.[62-64] Similarly foraminal 
dimension undergoes similar changes with the cross‑sectional 
area 12% greater for the flexion group and for the extension 
group 15% smaller than the cross‑sectional area of the neutral 
group. Impact of these changes happening during flexion 
and extension was 11 degrees at C2‑C3, 12 degrees at C3‑C4, 
15 degrees at C4‑C5, 19 degrees at C5‑C6, and 20 degrees at 
C6‑C7. During flexion the ventral SAS is narrowed up to 43% 
and dorsal SAS is widened up to 89% if it was compared with 
the neutral position, 0 degrees. During extension, the ventral 
SAS is increased in the diameter up to 9% while the dorsal 
SAS is reduced to 17%. During flexion, sagittal diameter is 
reduced in the cervical cord by 14%, and on the extension 
it increases up to 15% compared to the neutral position  (0 
degrees). Authors would like to draw attention on the naturally 
occurring disease process Hirayama flexion myelopathy in 
which there occurs loss of attachment from posterior dural 
sac and subjacent lamina shows the above‑discussed changes 
which attests, natures confirmation of the above phenomenon.

Total volume of the cranial cavity viz. supratentorial and 
infratentorial/posterior fossa remains constant however as 
per the literature reviewed above there is change in spinal 
canal volume during flexion, extension and in neutral position. 
For the purpose of simplified understanding lets assume that 
volume of spinal cord is Vsc and volume of spinal canal V in 
neutral position, volume of central canal Vcc, volume of spinal 
subarchnoid space Vsas, volume of posterior fossa Vpf and the 
volume of spinal canal in flexion Vf and volume in extension 
be Ve. Now, based on these abbreviations we shall try to 
establish the relationship between these volumes changes 
during various positions of neck viz. flexion and extension.

V = Vcc + Vsc + Vsas� (Eq 1) neutral position

As per paper published by various authors, we have come to 
conclusion that the spinal canal volume in flexion, that is, Vf 
is greater than volume in extension Ve. Hence,

Vf > Ve� (Eq 2)

Vf > V > Ve� (Eq 3)

Now, we also know that the CSF SAS is blocked by various 
causes listed by various authors. Hence, the spinal subarchnoid 
space that is, Vsas becomes isolated from the general 
circulation of the CSF. Hence, we come to conclusion that 
during flexion and extension, the equations will be as under:

Vf = Vccf + Vscf + Vsasf� (Eq 4) volume in flexion

Ve = Vcce + Vsce + Vsase� (Eq 5) volume in extension
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But, Vf is always greater than Ve. Hence, once the SSS is blocked 
due to any cause, then Vsas will always remain constant in any 
neck position. Viz flexion, extension and neutral position. So, 
considering this fact, we arrive at a conclusion that

Vsasf = Vsase� (Eq 6)

Hence, considering equation 4, 5 and 6, we arrive at conclusion 
that in case of any postural change in volume Vsas is not 
available for any volume change in case of SM where CSF SAS s 
are occluded. So, the only way available for the volume change 
in spinal canal contents will be by the spinal cord volume Vsc 
and volume of central canal Vcc. However, we understand by 
the common logical thinking that the Vcc change is more rapidly 
possible than the change in spinal cord volume per se. Hence 
its quite natural to conclude that central canal cavitation is the 
best possible mechanism to compensate for the rapid changes 
in volume disturbance occuring due to spinal movement while 
hernation of the tonsils into the spinal canal is compensatory 
mechanism/physiological mechanism considering the volume 
compensation required from the posterior fossa.

Now consider that  ∆Vfe be the volume change happening 
during flexion and extension.

Hence

Vf – Ve = ∆Vfe� (Eq 7)

∆Vfe is the volume change that is happening since birth during 
any movement of flexion and extension. This has to happen 
over either small period of time or shall be sustained over a 
prolonged period of time depending upon the posture taken 
by the individual while carrying out any activities.

Very important thing to notice is that volume change during 
either flexion or extension is not uniform throughout the 
spinal cord. It is maximum at the lower part of the cervical 
region of the and the lumbar spinal cord.

So ∆Vfe is volume of CSF exchange required during various 
movements viz. flexion and extension. So extra ∆Vfe extra 
volume has to be compensated from anywhere. But, the only 
way for the exchange to happen is by exchange of CSF but rapid 
exchange of volume by the solid spinal cord is not possible. If 
the CSF exchange is to happen, it has to happen by open CSF 
SAS and open central canal.

So the amount of CSF in posterior fossa SAS has to be equal to 
or more than the exchange volume ∆Vfe if normal dynamics 
has to take place.

Always in normal condition

∆Vfe ≤ ∆Vpf� (Eq 8)

Now consider that CSF SAS is blocked at the foramen 
magnum level then we will be in a situation where the free 

CSF exchange is not possible then in that situation ∆Vfe is 
isolated. However, if there is increase in spinal canal volume 
by  ∆Vfe but posterior fossa CSF SAS volume will not be 
available for the exchange due obstruction hence the only 
way available for filling up of the increased space would be 
by the increase in central canal volume by movement of CSF 
through the central canal. But this volume change will occur 
maximum at the site where there is maximum volume change 
in cervical and lumbar spinal cord. So the CSF will accumulate 
maximum in the cervical and the lumbar regions as by law 
vacuum cannot be there even if there is an increase in spinal 
canal volume with regard to the spinal cord volume. The only 
matter available for the rapid change in volume would be 
CSF. Hence in this situation spinal cord will try to maintain 
constant volume by cavitation and accumulating CSF in those 
regions. This is the reason why syrinx starts in the cervical 
region and lumbar region in case of tethering of spinal cord.

We need to understand that if the SSS is blocked then in that 
situation with increase in spinal canal volume there is decrease 
in SSS pressure rather than increase in CSF SAS pressure as 
postulated by other authors explaining the fact that there is 
very good reason why the there should be dilatation of the 
central canal. So if pressure inside the central canal is Pcc 
and pressure inside spinal subarachnoid space be Psas then 
we have

Pcc > Psas� (Eq 9)

But if CSF SAS is getting obstructed intermittently in that 
situation there would time when CSF SAS would try to reach 
equilibrium hence these situation the dilatation of the central 
canal would reach the maximum size of the cord but not 
beyond the diameter of spinal cord.

The fluid accumulated at any place would also have its own 
weight. Hence, this weight would increase if the column of 
syrinx increases in length. But in this situation, the syrinx 
should be bulging in the lower part rather than being of 
uniform length. But the bulging can be due to the weight of the 
fluid more than the CSF subarachnoid pressure or the pressure 
in the SSS is less than that of the syrinx fluid column. Now if in 
some way the SSS is able to communicate with the cranial SAS 
then the Pascals law would be obeyed and the undue bulging 
of the spinal cord due to the syrinx would not be found as the 
pressure equilibrium will be achieved both inside and outside.

SM is surgical condition with treatment directed towards by 
normalizing the CSF pathways rather than drainage of the 
cavities. Drainage operations involves myelotomy and has 
high failure and complications rates. Best treatment strategy 
is re‑establishment of a cisterna magna and normalisation of 
craniospinal pressure dissociation. This is achieved surgically 
by artificially creating a large cisterna magna even if it 
means resecting part of the herniated cerebellar tissue and 
utilising dural grafts which means making provision for the 
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space which in turn will lead to effective volume changes. 
Surgery for SM is not easy, there are risks associated with the 
procedure however if hydrocephalus exists its treatment is 
always priority.[65]

This brings us to conclusion that if the above hypothesis be 
true then it opens another door/avenue for the management 
of patient with syringomyelia that is immobilisation. Since 
the volume changes are related to the spinal movement, 
immobilisation would result in complete cessation or at least 
minimising the volume changes there by minimising neural 
tissue damage resulting from the syrinx. Goel et  al., has 
published his revolutionary procedure with the hypothesis 
that Chiari Malformation patient with or without basilar 
invagination and or syringomyelia is primarily related to 
atlantoaxial instability and such cases should be treated with 
atlantoaxial stabilisation and segmental arthrodesis.[66,67] His 
postoperative outcome with no neurological deterioration 
and clinical improvement attest to the above fact that the 
immobilisation may be another solution to this problem and 
another evidence in favour of this hypothesis.

Conclusion

Spinal canal is most dynamic part with volume changes 
starting right from intrauterine part till the end. Although 
volume of the cranial cavity remains constant but the volume 
of spinal cord varies. Volume of spinal cord increases during 
flexion and it decreases during extension. This difference in 
volume between flexion and extension is always compensated 
by posterior fossa volume. In cases of small posterior fossa or 
any obstruction at foramen magnum level which hampers this 
volume exchange required during various postural changes. 
This is compensated readily by cavitatory/cystic  (syrinx) 
changes within the spinal cord at locations which are more 
prone to rapid volume changes in cervical and lumbar spine. 
This also points to the beginning of these changes i.e., syrinx 
formation in cervical region area with maximal diameters. As 
rapid compensation can be only accomplished by means of 
syrinx formation. However in long run tonsillar herniation in 
to the spinal canal is the long‑term solution by nature for the 
uncompensated state of volume exchange which appears like 
pathological in nature but in reality serving great physiological 
function by making itself available the for the volume exchange 
depending on the spinal volume changes. During flexion the 
ventral SAS is narrow and dorsal SAS is widened as compared 
with the neutral position however during extension, the 
ventral SAS is increased while the dorsal SAS is reduced.

These volume changes explain the fluid movement in spinal 
canal towards the dorsal SSS during flexion and later to the 
ventral subarachnoid space during extension. These volume 
changes relate to the fact that treatment may be directed 
towards normalizing the CSF pathways either by restoring the 
normal volume by means of posterior fossa decompression or 

else immobilisation should also help as per this hypothesis as 
it causes cessation of volume exchange leading to cessation 
of neural tissue damage due syrinx which is supported by 
immobilisation surgery for SM in the literature. Thus, the 
role spinal canal volume changes in the pathogenesis of 
syringomyelia has been discussed here and it appears to 
be one of the contributing factors in the pathogenesis of 
syringomyelia along with other factors.

References

1.	 Roy AK, Slimack NP, Ganju A. Idiopathic syringomyelia: Retrospective 
case series, comprehensive review, and update on management. 
Neurosurg Focus. 2011 Dec; 31(6):E15.

2.	 Milhorat TH, Johnson RW, Milhorat RH, Capocelli AL, Pevsner PH. 
Clinicopathological correlations in syringomyelia using axial magnetic 
resonance imaging. Neurosurgery. 1995 Aug; 37(2):206-13.

3.	 Larner  AJ, Muqit  MMK, Glickman  S. Concurrent syrinx and 
inflammatory central nervous system disease detected by magnetic 
resonance imaging: An illustrative case and review of the literature. 
Medicine (Baltimore). 2002 Jan; 81(1):41-50.

4.	 Samanci  Y, Celik  SE. Syringomyelia associated with Cervical 
Spondylosis: A case report. Romanian Neurosurg. 2014;21(2):227-30.

5.	 Milhorat  TH. Classification of syringomyelia. Neurosurg Focus. 
2000;8(3):E1.

6.	 Brewis M, Poskanzer DC, Rolland C, Miller H. Neurological disease 
in an English city. Acta Neurol Scand. 1966;42.

7.	 Pillay  PK, Awad  IA, Hahn  JF. Gardner’s hydrodynamic theory of 
syringomyelia revisited. Cleve Clin J Med. 1992 Aug; 59(4):373-80.

8.	 Gardner W, Angel J. The mechanism of syringomyelia and its surgical 
correction. Clin Neurosurg. 1957;6:131-40.

9.	 Gardner  WJ. Hydrodynamic mechanism of syringomyelia: 
Its relationship to myelocele. J  Neurol Neurosurg Psychiatry. 
1965;28(3):247.

10.	 Carpenter  P, Berkouk  K, Lucey  A. Pressure wave propagation 
in fluid‑filled co‑axial elastic tubes part  2: Mechanisms for the 
pathogenesis of syringomyelia. J Biomech Eng. 2003;125(6):857-63.

11.	 Williams B. The distending force in the production of“ communicating 
syringomyelia.” The Lancet. 1969;294(7613):189-93.

12.	 Williams  B. Cerebrospinal fluid pressure changes in response to 
coughing. Brain J Neurol. 1976;99(2):331-46.

13.	 Williams B. A  critical appraisal of posterior fossa surgery for 
communicating syringomyelia. Brain. 1978;101(2):223-50.

14.	 Williams B, Bentley J. Experimental communicating syringomyelia in 
dogs after cisternal kaolin injection: Part 1. Morphology. J Neurol Sci. 
1980;48(1):93-107.

15.	 Williams  B. Experimental communicating syringomyelia in dogs 
after cisternal kaolin injection: Part 2. Pressure studies. J Neurol Sci. 
1980;48(1):109-22.

16.	 Williams B. On the pathogenesis of syringomyelia: A review. J R Soc 
Med. 1980;73(11):798.

17.	 Williams B. Simultaneous cerebral and spinal fluid pressure recordings. 
Acta Neurochir (Wien). 1981;59(1‑2):123-42.

18.	 Bertram  C. A  numerical investigation of waves propagating in the 
spinal cord and subarachnoid space in the presence of a syrinx. J Fluids 
Struct. 2009;25(7):1189-205.

19.	 Bertram  C, Brodbelt A, Stoodley  M. The origins of syringomyelia: 
Numerical models of fluid/structure interactions in the spinal cord. 
J Biomech Eng. 2005;127(7):1099-109.

20.	 Enzmann DR, O’Donohue J, Rubin JB, Shuer L, Cogen P, Silverberg G. 
CSF pulsations within nonneoplastic spinal cord cysts. AJR Am J 
Roentgenol. 1987 Jul; 149(1):149-57.

21.	 Itabashi  T. Quantitative analysis of cervical CSF and syrinx fluid 
pulsations. Nihon Seikeigeka Gakkai Zasshi. 1990;64(7):523-33.

22.	 Williams B. Simultaneous cerebral and spinal fluid pressure recordings. 
Acta Neurochir (Wien). 1981;59(1‑2):123-42.

23.	 Williams B. Simultaneous cerebral and spinal fluid pressure recordings. 



Rai and Rai: Volume change theory for syringomyelia: A new perspective

251 Asian Journal of Neurosurgery
Vol. 10, Issue 4, October‑December 2015

I. Technique, physiology, and normal results. Acta Neurochir Wien. 
1981;58(3‑4):167-85.

24.	 Ball  M, Dayan  A. Pathogenesis of syringomyelia. The Lancet. 
1972;300(7781):799-801.

25.	 Weller RO. Pathology of cerebrospinal fluid and interstitial fluid of the 
CNS: Significance for Alzheimer disease, prion disorders and multiple 
sclerosis. J Neuropathol Exp Neurol. 1998;57(10):885-94.

26.	 Zhang E, Inman C, Weller R. Interrelationships of the pia mater and the 
perivascular (Virchow‑Robin) spaces in the human cerebrum. J Anat. 
1990;170:111.

27.	 Oldfield EH, Muraszko K, Shawker TH, Patronas NJ. Pathophysiology 
of syringomyelia associated with Chiari I malformation of the cerebellar 
tonsils: Implications for diagnosis and treatment. J  Neurosurg. 
1994;80(1):3-15.

28.	 Iskandar  BJ, Hedlund  GL, Grabb  PA, Oakes  WJ. The resolution of 
syringohydromyelia without hindbrain herniation after posterior fossa 
decompression. J Neurosurg. 1998;89(2):212-6.

29.	 Hall P, Turner M, Aichinger S, Bendick P, Campbell R. Experimental 
syringomyelia: The relationship between intraventricular and 
intrasyrinx pressures. J Neurosurg. 1980;52(6):812-7.

30.	 Greitz  D. Unraveling the riddle of syringomyelia. Neurosurg Rev. 
2006;29(4):251-64.

31.	 Levine DN. The pathogenesis of syringomyelia associated with lesions 
at the foramen magnum: A critical review of existing theories and 
proposal of a new hypothesis. J Neurol Sci. 2004;220(1):3-21.

32.	 Heiss JD, Patronas N, DeVroom HL, Shawker T, Ennis R, Kammerer W, 
et al. Elucidating the pathophysiology of syringomyelia. J Neurosurg. 
1999;91(4):553-62.

33.	 Brodbelt AR, Stoodley MA, Watling AM, Tu J, Burke S, Jones NR, 
et al. Altered subarachnoid space compliance and fluid flow in an animal 
model of posttraumatic syringomyelia. Spine. 2003;28(20):E413-9.

34.	 Brodbelt AR, Stoodley MA, Watling AM, Tu J, Jones NR. Fluid flow 
in an animal model of post‑traumatic syringomyelia. Eur Spine  J. 
2003;12(3):300-6.

35.	 Bilston  LE, Fletcher  DF, Brodbelt  AR, Stoodley  MA. Arterial 
pulsation‑driven cerebrospinal fluid flow in the perivascular space: 
A computational model. Comput Methods Biomech Biomed Engin. 
2003 Aug; 6(4):235-41.

36.	 Bilston  LE, Stoodley  MA, Fletcher  DF. The influence of the 
relative timing of arterial and subarachnoid space pulse waves on 
spinal perivascular cerebrospinal fluid flow as a possible factor 
in syrinx development: Laboratory investigation. J  Neurosurg. 
2010;112(4):808-13.

37.	 Wagner Jr  FC, Stewart  WB. Effect of trauma dose on spinal cord 
edema. J Neurosurg. 1981;54(6):802-6.

38.	 Storer K, Toh J, Stoodley MA, Jones NR. The central canal of the human 
spinal cord: A computerised 3‑D study. J Anat. 1998;192(04):565-72.

39.	 Stoodley MA, Jones NR, Yang L, Brown CJ. Mechanisms underlying 
the formation and enlargement of noncommunicating syringomyelia: 
Experimental studies. Neurosurg Focus. 2000;8(3):E2.

40.	 Brodbelt  A, Stoodley  M. Post‑traumatic syringomyelia: A review. 
J Clin Neurosci. 2003;10(4):401-8.

41.	 Davis  CH, Symon  L. Mechanisms and treatment in post‑traumatic 
syringomyelia. Br J Neurosurg. 1989;3(6):669-74.

42.	 Hamer  J, Alberti  E, Hoyer  S, Wiedemann  K. Influence of systemic 
and cerebral vascular factors on the cerebrospinal fluid pulse waves. 
J Neurosurg. 1977;46(1):36-45.

43.	 Klekamp J. The pathophysiology of syringomyelia–historical overview 
and current concept. Acta Neurochir (Wien). 2002;144(7):649-64.

44.	 Perrin RG, Fehlings M. The etiology of syringomyelia in association 
with lesions of the foramen magnum. J Neurol Sci. 2004;220(1):1-2.

45.	 Berkouk  K, Carpenter  P, Lucey  A. Pressure wave propagation in 
fluid‑filled co‑axial elastic tubes part 1: Basic theory. J Biomech Eng. 
2003;125(6):852-6.

46.	 Cirovic  S. A  coaxial tube model of the cerebrospinal fluid pulse 
propagation in the spinal column. J Biomech Eng. 2009;131(2):021008.

47.	 Chang  H, Nakagawa  H. Hypothesis on the pathophysiology of 
syringomyelia based on simulation of cerebrospinal fluid dynamics. 
J Neurol Neurosurg Psychiatry. 2003;74(3):344-7.

48.	 Bilston L, Fletcher D, Stoodley M. Focal spinal arachnoiditis increases 
subarachnoid space pressure: A computational study. Clin Biomech. 

2006;21(6):579-84.
49.	 Martin BA, Labuda R, Royston TJ, Oshinski JN, Iskandar B, Loth F. 

Spinal subarachnoid space pressure measurements in an in vitro spinal 
stenosis model: Implications on syringomyelia theories. J  Biomech 
Eng. 2010;132(11):111007.

50.	 Elliott  NSJ, Lockerby  DA, Brodbelt  AR. The pathogenesis of 
syringomyelia: A re‑evaluation of the elastic‑jump hypothesis. 
J Biomech Eng. 2009 Apr; 131(4):044503.

51.	 Breig A, El‑Nadi AF. Biomechanics of the cervical spinal cord. Relief 
of contact pressure on and overstretching of the spinal cord. Acta 
Radiol Diagn (Stockh). 1966;4(6):602.

52.	 Gu  R, Zhu  Q, Lin  Y, Yang  X, Gao  Z, Tanaka  Y. Dynamic canal 
encroachment of ligamentum flavum: An in vitro study of cadaveric 
specimens. J Spinal Disord Tech. 2006;19(3):187-90.

53.	 Ko  H, Park  J, Shin Y, Baek  S. Gross quantitative measurements of 
spinal cord segments in human. Spinal Cord. 2004;42(1):35-40.

54.	 Sherman  JL, Nassaux  PY, Citrin  CM. Measurements of the 
normal cervical spinal cord on MR imaging. Am J Neuroradiol. 
1990;11(2):369-72.

55.	 Kuwazawa  Y, Bashir  W, Pope  MH, Takahashi  K, Smith  FW. 
Biomechanical aspects of the cervical cord: Effects of postural changes 
in healthy volunteers using positional magnetic resonance imaging. 
J Spinal Disord Tech. 2006 Jul; 19(5):348-52.

56.	 Kuwazawa  Y, Pope  MH, Bashir  W, Takahashi  K, Smith  FW. The 
length of the cervical cord: Effects of postural changes in healthy 
volunteers using positional magnetic resonance imaging. Spine. 
2006;31(17):E579-83.

57.	 Chu WC, Lam WW, Chan Y, Ng BK, Lam T, Lee K, et al. Relative 
shortening and functional tethering of spinal cord in adolescent 
idiopathic scoliosis?: Study with multiplanar reformat magnetic 
resonance imaging and somatosensory evoked potential. Spine. 
2006;31(1):E19-25.

58.	 Chu  WC, Lam  WM, Ng  BK, Tze‑Ping  L, Lee K‑M, Guo  X, et  al. 
Relative shortening and functional tethering of spinal cord in adolescent 
scoliosis‑Result of asynchronous neuro‑osseous growth, summary of 
an electronic focus group debate of the IBSE. Scoliosis. 2008;3:8.

59.	 Yuan  Q, Dougherty  L, Margulies  SS. In  vivo human cervical 
spinal cord deformation and displacement in flexion. Spine. 
1998 Aug 1;23(15):1677-83.

60.	 Smith CG. Changes in length and position of the segments of the spinal 
cord with changes in posture in the monkey. Radiology. 1956  Feb; 
66(2):259-66.

61.	 Holmes A, Han ZH, Dang GT, Chen ZQ, Wang ZG, Fang J. Changes in 
cervical canal spinal volume during in vitro flexion‑extension. Spine. 
1996 Jun 1;21(11):1313-9.

62.	 Reid JD. Effects of flexion‑extension movements of the head and spine 
upon the spinal cord and nerve roots. J Neurol Neurosurg Psychiatry. 
1960 Aug; 23:214-21.

63.	 Inufusa, Akihiko, Howard  S. An, Tae‑Hong Lim, Toru Hasegawa, 
Victor  M. Haughton, and Bruce  H. Nowicki. Anatomic Changes of 
the Spinal Canal and Intervertebral Foramen Associated With Flexion-
Extension Movement. Spine21, no. 21(1996): 2412‑2420.

64.	 Fujiwara, Atsushi and An, Howard S and Lim, Tae‑Hong and Haughton, 
Victor M.Morphologic changes in the lumbar intervertebral foramen 
due to flexion‑extension, lateral bending, and axial rotation: An in vitro 
anatomic and biomechanical study.Spine 26, no. 8(2001):876‑882.

65.	 Williams  B. Surgery for hindbrain related syringomyelia. Adv Tech 
Stand Neurosurg. 1993;20:107-64.

66.	 Goel A. Is Chiari malformation nature’s protective “air‑bag”? Is its 
presence diagnostic of atlantoaxial instability? J Craniovertebral 
Junction Spine. 2014 Jul; 5(3):107-9.

67. Goel A. Is atlantoaxial instability the cause of Chiari malformation? 
Outcome analysis of 65 patients treated by atlantoaxial fixation. 
J Neurosurg Spine. 2015 Feb; 22(2):116-27.

How to cite this article: Rai SR, Rai PS. Volume change 
theory for syringomyelia: A new perspective. Asian J Neurosurg 
2015;10:245-51.
Source of Support: Nil, Conflict of Interest: None declared.




