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The buoyant brain 

Abstract: 

CSF is believed to provide a buoyancy medium to protect the brain against trauma and to 

reduce its weight1. However, the origin of this belief, how this buoyancy works and its 

implications in various CSF disorders have not got enough attention in the literature. 

This study aimed to review the literature for the previous works that investigated the 

buoyancy environment of the brain. By applying the laws of buoyancy to the intracranial 

system, possible explanations of the common CSF disorders were suggested and compared to 

the current knowledge. 
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Introduction: 

Our understanding of CSF formation, flow and drainage has evolved through the last century. 

The concept of unidirectionally circulating CSF from sources to drainage sites has fallen out 

of favour due to the new accumulating findings1. Closely related are the ventricles and their 

undefined functions in the adult life. Nonetheless, the laws of buoyancy physics seem to play 

a crucial role in how this system could be operating. 

 

Does the brain float in CSF? 

Buoyancy provided by CSF is listed in many papers as one of the CSF functions but with no 

clear reference to the origin of this doctrine. This buoyancy is believed to cause 97% 

reduction of the weight of the brain1 to become 25 – 50 grams3 or less specifically less than 

100 grams4. As it is practically impossible to weigh the living brain without disrupting its 

buoyancy environment, these assumptions are probably based on pure calculations. I have not 

been able to find any study which weighed the brain in a CSF-like medium in vitro to prove 

these numbers. 

Mathematically, however, this can be proven if the densities of both CSF and brain are 

known. There have been a few studies that tried to identify the density of the brain and its 

components 5. For simplicity, the human cerebrum density is estimated to be 1.0417 gram per 

cubic centimetres for males and 1.0411 gram per cubic centimetres for females 6. The specific 

gravity of CSF on the other hand is 1.004 to 1.0127. From these numbers, CSF buoyancy can 

neutralize 97% of the brain weight which equates roughly to 50-100 grams (the average 

weight is 1336 grams in males and 1198 grams in females8) (CSF to brain density is roughly 

97%!). 

Aside from the pure academia, buoyancy has got a reasonable clinical attention when 

mathematical models were developed to compensate for the intraoperative brain shifts. 

Taking in consideration the loss of buoyant forces (Fb) due to CSF drainage in addition to 



various other factors, these models could update navigation systems with a fair degree of 

accuracy 9,10. 

Perhaps an easier and more straightforward evidence in this context is our routine 

neurosurgical experience that the brain resists traction (being pushed) until CSF is drained to 

then fall easily with gravity. This resisting force is nothing but the underlying Fb. 

The concept of the buoyant brain is then taken no further in the literature as far as I am aware. 

 

Functions of the ventricles: 

The ventricles, on the other hand, have a clear embryological function important in neural 

proliferation and brain development11. However, the role of this potentially life-threatening 

structure in the adult brain is often mixed up with the functions of CSF. Similarly, CSF flow 

within the ventricles and the periventricular neurons are increasingly recognized to play 

important roles in the adult life11. Nonetheless, all of these functions could have been 

accomplished without the existence of these expansile organs within the brain. The functions 

of the ventricles in any animal system are thus not fully recognized11. 

From the buoyancy perspective, the ventricles are important to buffer any change in either 

brain or CSF density. For examples, the amount of the blood within the brain increases 

during systole or expiration 11,12 which increases its overall density. This means a negative 

buoyancy state and a caudal movement of the brain which has been shown in different MRI 

studies 13,14,15. Firstly, for the increased brain weight secondary to its increased blood volume, 

more CSF has to be displaced extracranially according to the basic rules of buoyancy physics. 

This has been shown to be equivalent to half of the added blood volume1.  Secondly, CSF 

egresses from the ventricles to further buffer the increased density of the brain. The opposite 

scenario occurs during diastole and inspiration2,16,17 i.e., positive buoyancy.  

While the brain pulsatility or the transmission of the capillary pulsations may play a role in 

these CSF movements13, it has been also shown that respiration has a more profound effect 

on such movements17. Nonetheless, the main cause of these observed CSF oscillation seems 

to be the Fb which value varies according to the ratio of brain to CSF density. This ratio 

changes throughout the cardiac or respiratory cycle and in different head positions in addition 

to various pathological conditions including traumatic brain injury. 

A good analogy to this function in the biological systems is the swim bladder in teleost 

fishes. This structure inflates to decrease the body density as the fish moves to less salinated 

water to keep itself hovering in the same horizontal plane18. Dilated ventricles, on the other 

hand, cannot cause volume expansion of the whole brain and so still contribute to its 

increased density. This can be seen in the brain compression associated with ventricular 

dilatation in communicating hydrocephalus1. 

Following on with the buoyancy in biological systems, not all fishes, however, have the 

privilege of this energetically expensive swimbladder. Acanthonus armatus, for example, is a 

fish which relies on its light body design to stay afloat. Its relatively large head is filled with 

clear fluid which gives the fish 13-27% greater lift than if the head had been filled with 

plasma instead19. 



Pathophysiology of the brain buoyancy: 

Subarachnoid haemorrhage: 

This estimated loss of buoyancy in the previous example can help explain the 

pathophysiology of communicating hydrocephalus after subarachnoid haemorrhage. The 

increased density of CSF, after mixing with blood, means that a smaller volume of the denser 

fluid will need to egress from the cranium for the same weight of the brain according to 

Archimedes. How can this affect the dynamics of CSF absorption or if another 

pathophysiological element is also implicated is beyond this discussion.  

Fb will increase subsequent to increased CSF density. This creates more resistance to CSF 

outflow from the ventricles and possibly reflux to cause hydrocephalus (figure 2). The dilated 

(heavier) ventricles then allow the brain to maintain its buoyancy state in the face of 

increasing Fb. This is paradoxical to Monro-Killie hypothesis as the subarachnoid 

haemorrhage is not compensated by CSF escape extracranially but the exact opposite occurs. 

Moreover, the balance between the brain weight and the Fb appears to be crucial to the net 

intracranial pressure as not all of these hydrocephalic cases are associated with increased ICP. 

Obviously, other types of hydrocephalus can happen after SAH and some of them may cause 

serious increase in the ICP, but the discussion here is about Fb and its implication in the low 

and normal pressure post-SAH communicating hydrocephalic states. 

 

Normal pressure hydrocephalus: 

The above scenario is described as secondary normal pressure hydrocephalus (NPH), so is the 

communicating hydrocephalus from other causes20. These pathophysiological events can be 

described as positive buoyancy states. 

Alike is the “high-riding” looking brain in the shunt responders in idiopathic NPH. More CSF 

in the Sylvian fissures associated with tight high convexity have been noted to correlate with 

good outcomes after shunting 20,21. The pathophysiological events may arise from a relative 

increased CSF to brain density. Either reduced aging brain weight8 or increased protein 

contents of CSF can result in a positive buoyancy state and subsequently ventriculomegaly. 

In other words, the brain looks as if it is being pushed upwards or unfolding its telencephalon 

part. 

The weight of dilated ventricles could be notorious to the delicate periventricular vessels. A 

vicious circle of ischemia and neural loss1 resulting in decreased brain density and positive 

buoyancy and subsequent ventricular dilatation may continue. This is obviously the disease 

of the physiology which may not be reversed if the treatment is not provided early enough in 

the course of the problem.  

 

Conclusion: 

Buoyancy plays a role in the brain (and possibly the spinal cord) homeostasis. A balanced 

brain movement across a horizontal axis is guaranteed by the presence of the ventricular 

buffer. How this “horizontal balance” is important to the homeostasis of the brain is unclear, 



but more buoyancy targeted treatment could provide better outcomes in various positive and 

negative buoyancy states than pressure-adjusting only strategies. 
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