
https://doi.org/10.1093/brain/awae390 BRAIN 2025: 148; 689–691 | 689

Eighty-six billion and counting: do we know 
the number of neurons in the human brain?

The current estimates for the number of neurons in the human brain cannot be properly justified.
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Introduction
When the number of entities in a system is large, it becomes im
possible to enumerate them all, and indirect techniques for 
counting are needed. We will never know exactly how many stars 
are in the Milky Way or how many humans have been alive in the 
history of the world. In these cases, statistical methods based on 
clear assumptions can be used to provide estimates with a given 
range. Typically, we rely on the notion of density. If we know 
how many red blood cells there are on average in a given volume 
of blood (around 5 trillion per litre), and we know on average 
the total volume of blood (around 5 l), we can obtain a reasonable 
estimate of the number of red blood cells in humans (around 
25 trillion).

Knowing how many things there are in a system is central to 
most scientific disciplines. In physics, it is the first step in charac
terizing matter. In chemistry, the fundamental definition of a 
mole (exactly 6.02214076 × 1023 units) expresses the importance 
of counting the number of entities in a given weight. In engineering, 
one expects that any piece that belongs to a device is catalogued be
fore assembly so that, in principle, one can know the number of 
parts.

When it comes to the brain, the situation is not that simple due 
to the heterogenous nature of brain tissues. Neuroscientists will 
study the most intimate details of cells and proteins and gather im
mense datasets about every possible measurable aspect of the 
brain. Yet, a naive query such as how many neurons are in the hu
man brain is not a central question for the field. A cursory look at 
the literature shows that, in recent times, there has been an almost 
universal agreement that there are 86 billion (bn) neurons in the 
brain. Indeed, many scientific papers on the brain, including 
mine, start with a statement in the form: ‘the human brain contains 
86 billion neurons’, followed by a citation to one of the most 
cited papers in neuroscience from the group led by Prof. 
Herculano-Houzel,1 who has worked extensively on challenging 
neuromyths and was the first to address the question truly.

In the same spirit that drove her initial study, the goal here is to 
challenge the accepted fact that the human brain contains 86 bn 
neurons. Indeed, I will show that the data from the original and 
subsequent studies on neuron numbers do not warrant this generic 
conclusion and that the only statements that can be made about 
the number of neurons are much weaker.

The situation pre-86 billion
In an excellent review of the topic, Prof. Herculano-Houzel and col
leagues provide a remarkable account of the history of the prob
lem.2 Before their ground-breaking work in 2009, the accepted 
number of neurons varied widely from the first estimate in 1895 of 3 
bn to a puzzling 1 trillion in 1981, until it settled mysteriously to 100 
bn around 1991. Until 2009, 100 bn was the accepted estimate and is 
still widely quoted. The number 100 is what we call a round number, 
and its roundness suggests that it is a rough estimate and not a mea
sured quantity obtained through scientific study. The absence of a 
clear reference or study associated with this number further indicates 
that the problem was not settled with any scientific rigour. It just 
emerged in the literature like mushrooms after a heavy rain.

The landscape changed completely in 2009 with the use of the 
so-called ‘isotropic fractionator’ to measure cell numbers.1,3,4 I 
will not review or challenge the method itself but constrain myself 
to an analysis of the data provided by these studies. Yet, it is im
portant to note that neuronal nuclei (NeuN), the protein used as a 
neuronal marker, is not universally expressed in all neuronal types, 
and its levels vary with neuronal maturation, increasing post
natally, complicating its use as a marker for neurogenesis.

The problem with the 2009 paper
Before we proceed, let us look at the data and main claim of the 2009 
paper.1 Following the text, we know that ‘brains from 50-, 51-, 54-, 
and 71- year-old males, deceased from nonneurological causes 
and without cognitive impairment (CDR 0, IQCODE 3.0), were ana
lyzed’. The average weight of the four brains is 1508.91 g, with a 
standard deviation of 299.14 g. The weight of each brain or the 
number of neurons is not given. However, according to the paper, 
the average number of neurons in the four brains is 86.06 bn, with 
a standard deviation of 8.12 bn. We are further provided with a 
range of 78.82 to 95.40 bn. We can then combine these data to re
constitute the original dataset and find that the numbers of neu
rons are: {78.82, 79.72, 90.30, 95.40} bn. From this small dataset, 
the authors make the most important claim that: ‘We find that 
the adult male human brain contains on average 86.1 ± 8.1 billion 
NeuN-positive cells (“neurons”)’. With over 3000 citations, it is 
probably the single most cited number about the brain.
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It is quite an achievement, and the low number of data-points 
in the study demonstrates how difficult the process must have 
been. But before we close the matter, let us reflect on what can 
really be concluded from four data-points, as we know that statis
tical statements depend strongly on the number of data points. If 
we have one or two data-points, we would gladly agree that a 
mean would not be representative of the entire population. How 
about four?

Statisticians have studied this type of problem in great detail: if 
we sample n ≥ 2 points from a distribution, it is easy to take the 
sample mean (µ) and standard deviation (δ) of n samples. We 
want to know to what extent these values are representative of 
the actual (but unknown) population mean that we are interested 
in. In our case, the question is: to what extent is µ = 86.1 bn with 
n = 4 a valid estimate of the number of neurons in the human brain?

This type of problem is addressed by the so-called ‘standard er
ror of the mean’. Assuming that the underlying population is nor
mally distributed, we can calculate the upper and lower 95% 
confidence limits (x±) for the true population mean as:

x± = m ± t∗ × SEM (1) 

where µ is the sample mean, SEM = d
��
n
√

is the standard error of the 
mean, with δ as the standard deviation of the sample, and t* is the 
critical t-value given by a t-distribution. Since it is a two-tailed test 
(we are considering both tails of the distribution), we need the 
t-value where the cumulative probability is (1 + 1.095)/2 = 0.975 
with degrees of freedom d = n−1 = 3. The critical t-value for d = 3 
at 95% confidence is approximately t* = 3.182.

In our case, we have µ = 86.1 bn, δ =  8.1 bn, which leads to a mar
gin of error (ME) = t* × SEM = 13.0 bn and to the confidence interval 
for the population mean (x̄) given by:

73.1 bn < x̅ < 99.0 bn (2) 

Hence, from the data given, the only statement about the mean we 
can make is that an estimate of the average number of neurons in 
this study is between about 73 and 99 bn neurons (note that since 

the estimate is so vague, I see no point in providing it with decimal 
fractions of a billion). This is a very different statement than giving 
86 bn as an average. Unfortunately, we cannot make any other 
statement since the data from this study are not public and re
peated requests to the corresponding author for clarification and 
data remain unanswered.

A difference of 26 bn is rather large, but by itself it could be con
sidered a technical correction made by a pedantic mathematician. 
Yet, the problem becomes more acute when we look at another 
study that uses the same method.

Another study, another number
The only other study on the total number of neurons in the human 
brain that I was able to find was performed by Roberto Lent’s group 
using the same technique and published 4 years later.5 The data are 
from five elderly females with no cognitive impairment between 
the ages of 71 and 84, who died of non-neurological causes. I am 
grateful to Professor Lent for responding to my queries and for shar
ing their data. The dataset with n = 5 is {62.1, 67.3, 63.3, 72, 72.0627} 
bn. We can now repeat the same computation with µ = 67.3 bn, 
δ = 4.6 bn, d = 4 and t* = 2.776 to obtain:

61.5 bn < x̅ < 73.1 bn (3) 

The data also include the brain masses {1385.93, 1363.9441, 1403.24, 
1013.70, 1289.32} g, with no clear relation to the number of neurons, 
as shown in Fig. 1 (the second lightest brain has the highest number 
of neurons and the second heaviest brain has the lowest number of 
neurons).

Comparing the two datasets
Despite the fact that both groups claim to follow the same proced
ure, there is no clear explanation for the differences between the 
two studies, and we are left to speculate: 

(i) The tentative post hoc explanation in 2015 for the difference between the 

two sample means in the two studies, namely that ‘biological variation 

may account for 25% or more, especially in humans and with small sam

ple sizes’,6 is not satisfactory since there is no rationale for a variation of 

25%, and if this type of variation occurs, it should have been observed in 

each of the two experiments.

(ii) There is a large difference in average brain weights (1291 g versus 1509 g). 

If we assume a purely proportional effect, it would boost the sample 

mean from 67.3 bn to 67.3 × 1509/1291 = 78.6 bn, which would bring the 

two datasets much closer. However, as discussed earlier, no clear trend 

emerges between volume and neuron numbers in the second dataset 

(data not available for the first dataset).

(iii) The difference in sex between the two populations may not be an explan

ation either, as there is no evidence of systematic differences between 

the numbers of neurons in male and female brains of the same weight.

(iv) There is a marked difference in ages between the two groups. Change in 

brain volume with ageing is well established,7,8 but the extent to which it 

would contribute to a large change in the number of neurons is unknown. 

Indeed, the relationship between brain volume and neuron number has 

not been established, and it is now believed that there is very little de

cline in cortical neuron numbers during normal ageing.9

(v) Another possibility is that, within a given experimental set-up, systemat

ic errors are being made and not identified. It is clear that the landmarks 

for dissections, dehydration, post-mortem time, age and sex can vary. 

These errors may differ among experiments, leading to different esti

mates.4,10 In short, we have no real information about the variability of 

the method itself with respect to multiple factors.

Figure 1 Number of neurons versus brain mass. For the available data 
from n = 5 female brains, the number of neurons versus brain mass 
does not show any clear pattern.

690 | BRAIN 2025: 148; 689–691                                                                                                                                           A. Goriely

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/148/3/689/7909879 by R

em
bert Lutjeharm

s user on 17 June 2025



Statements
We have reached a difficult point: the two estimates are widely dif
ferent, with no overlap and no clear explanation, which does not 
give us any confidence in a consensus. The only statements that 
we can make are much weaker: 

(i) Experiments have shown variations between 62 and 94 bn neurons in the 

human brain (n = 9).

(ii) An experimental study on the number of neurons suggests an average 

between 73 and 99 bn neurons in the healthy male human brain (n = 4).

(iii) An experimental study on the number of neurons suggests an average 

between 61 and 73 bn neurons in the healthy female human brain (n = 5).

Clearly, none of these statements is satisfactory or as catchy as 
‘the human brain has 86 billion neurons’. Yet, they are the true re
flection of our knowledge. We cannot present a more precise asser
tion without more available data.

It is worth noting that the problem is not unique to neurosci
ence: astrophysicists have faced similar challenges when trying 
to establish the number of stars in our galaxy, with the same lack 
of success, which has gone from an accepted 100 bn stars to newer 
estimates of 200 to 400 bn.

Does it matter?
No and Yes. In the case of red blood cells, it is of the utmost import
ance to know the red blood cell count (the number of cells per unit 
volume), as this is a critical biomarker for anaemia, polycythaemia 
and other conditions. Therefore, the variability in blood cell con
centration has been studied extensively and is well understood. 
However, in the case of the brain, there is no medical need to 
know either the total number or the concentration of cells in its dif
ferent parts. Therefore, the question is not as important, and when 
neuroscientists hear or write the number 86 bn, they are most likely 
fully aware that it is an estimate that comes with certain assump
tions and uncertainties. It should also be clear that most papers 
that cite this number in an introduction never actually use its value 
subsequently. Such numbers serve mostly a comparative purpose, 
either to study how different parts of the brain contribute to the to
tal number of neurons or to compare different species (which also 
suffer from the same sampling problem). In such cases, we can 
hope that the same bias and distributions affect other similar num
bers so as to not affect the overall conclusions of the studies. We 
could argue that very little damage is done by assigning a number 
to the brain to satisfy our basic human curiosity about ‘how many 
things are there in this thing?’.

Yet scientists are not children who need to be appeased, and 
numbers should not be used as pacifiers. We should strive for rigour 
and insist on precision in all instances, even when scientific facts 
are awkward to formulate or their mis-formulation does not have 
dire consequences. Why claim that the brain has 86.1 bn neurons 
if the data do not support it? Whether or not the number is just 
used in an introduction or implicitly assumed to be an estimate, 
when we state it, we make it a scientific truth and bias any further 
investigation. More dangerously, it has been used to establish scal
ing laws of neuron numbers with respect to body weight, which are 
then used in other contexts, forever stacking uneven blocks on a 
scientific tower built on sand.

Finally, I would like to reiterate that my comments here in no 
way diminish the accomplishments of the different groups in
volved. They started with a difficult question that had previously 
been ignored and found an experimental way to obtain estimates 

for the number of neurons. This is a remarkable achievement 
that has been used to challenge established ideas and open new 
avenues of research. Yet, from the data available, the only possible 
answer to the titular question ‘Do we know the number of neurons 
in the human brain?’ is: No, we don’t.

Alain Goriely 
Mathematical Institute, Andrew Wiles Building, University of Oxford, 
Radcliffe Observatory Quarter, Oxford, OX2 6GG UK 

E-mail: goriely@maths.ox.ac.uk

Prof. Alain Goriely FRS received his PhD in mathematical physics from the 
University of Brussels. He has been the Professor of Mathematical Modelling 
at the University of Oxford since 2010 and Gresham Professor of Geometry at 
Gresham College since 2024.

Funding
No funding was received towards this work.

Competing interests
The author reports no competing interests.

References
1. Azevedo FA, Carvalho LR, Grinberg LT, et al. Equal numbers of 

neuronal and nonneuronal cells make the human brain an iso
metrically scaled-up primate brain. J Comp Neurol. 2009;513: 
532-541.

2. Von Bartheld CS, Bahney J, Herculano-Houzel S. The search for 
true numbers of neurons and glial cells in the human brain: A 
review of 150 years of cell counting. J Comp Neurol. 2016;524: 
3865-3895.

3. Herculano-Houzel S, Lent R. Isotropic fractionator: A simple, ra
pid method for the quantification of total cell and neuron num
bers in the brain. J Neurosci. 2005;25:2518-2521.

4. Deniz OG, Altun G, Kaplan AA, Yurt KK, von Bartheld CS, Kaplan 
S. A concise review of optical, physical and isotropic fractiona
tor techniques in neuroscience studies, including recent devel
opments. J Neurosci Methods. 2018;310:45-53.

5. Andrade-Moraes CH, Oliveira-Pinto AV, Castro-Fonseca E, et al. 
Cell number changes in Alzheimer’s disease relate to dementia, 
not to plaques and tangles. Brain. 2013;136:3738-3752.

6. Herculano-Houzel S, von Bartheld CS, Miller DJ, Kaas JH. How to 
count cells: The advantages and disadvantages of the isotropic 
fractionator compared with stereology. Cell Tissue Res. 2015;360: 
29-42.

7. Dekaban AS, Sadowsky D. Changes in brain weights during the 
span of human life: Relation of brain weights to body heights 
and body weights. Ann Neurol. 1978;4:345-356.

8. Weickenmeier J. Exploring the multiphysics of the brain during 
development, aging, and in neurological diseases. Brain 
Multiphys. 2023;4:100068.

9. von Bartheld CS. Myths and truths about the cellular compos
ition of the human brain: A review of influential concepts. 
J Chem Neuroanat. 2018;93:2-15.

10. Neves K, Guimaraes DM, Rayêe D, et al. The reliability of the iso
tropic fractionator method for counting total cells and neurons. 
J Neurosci Methods. 2019;326:108392.

Eighty-six billion and counting                                                                                                      BRAIN 2025: 148; 689–691 | 691

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/148/3/689/7909879 by R

em
bert Lutjeharm

s user on 17 June 2025

https://orcid.org/0000-0002-6436-8483
mailto:goriely@maths.ox.ac.uk


*As of April 2024, TYSABRI SC can be administered outside a clinical setting (e.g. at home) by a HCP for patients who have tolerated at least 6 doses of TYSABRI well 
in a clinical setting. Please refer to section 4.2 of the SmPC.1

TYSABRI is indicated as single DMT in adults with highly active RRMS for the following patient groups:1,2

•	 Patients with highly active disease despite a full and adequate course of treatment with at least one DMT
•	 Patients with rapidly evolving severe RRMS defined by 2 or more disabling relapses in one year, and with 1 or more Gd+ lesions on brain 

MRI or a significant increase in T2 lesion load as compared to a previous recent MRI

Very common AEs include nasopharyngitis and urinary tract infection. Please refer to the SmPC for further safety information, including the 
risk of the uncommon but serious AE, PML.1,2

Abbreviations: AE: Adverse Event; DMT: Disease-Modifying Therapy; Gd+: Gadolinium-Enhancing; HCP: Healthcare Professional; IV: Intravenous; 
JCV: John Cunningham Virus; MRI: Magnetic Resonance Imaging; PD: Pharmacodynamic; PK: Pharmacokinetic; PML: Progressive Multifocal 
Leukoencephalopathy; RRMS: Relapsing-Remitting Multiple Sclerosis; SC: Subcutaneous. 

References: 1. TYSABRI SC (natalizumab) Summary of Product Characteristics. 2. TYSABRI IV (natalizumab) Summary of Product Characteristics. 

Efficacy made  
Convenient

CLICK HERE TO DISCOVER MORE ABOUT 
TYSABRI SC AND THE DIFFERENCE IT MAY 
MAKE TO YOUR ELIGIBLE PATIENTS

Supported by

BIOGEN’S

SERVICE

Adverse events should be reported. For Ireland, reporting forms and information can be found at www.hpra.ie.  
For the UK, reporting forms and information can be found at https://yellowcard.mhra.gov.uk/ or via the Yellow 
Card app available from the Apple App Store or Google Play Store. Adverse events should also be reported to 

Biogen Idec on MedInfoUKI@biogen.com 1800 812 719 in Ireland and 0800 008 7401 in the UK.

This promotional article is authored and funded by Biogen. 
This material is intended for UK and IE healthcare professionals only.

Prescribing Information

Biogen-261128. DOP: April 2025

Efficacy and safety profile comparable between TYSABRI IV and SC†1,2 
 
†Comparable PK, PD, efficacy, and safety profile of SC to IV except for injection site pain.1,2

TYSABRI SC injection with the potential to 
administer AT HOME for eligible patients*

A Biogen developed and funded JCV 
antibody index PML risk stratification 
service, validated and available exclusively 
for patients on or considering TYSABRI.

https://www.biogenlinc.co.uk/en/products/ms-portfolio/tysabri/sc-formulation/?utm_source=Oxford_University_Press&utm_medium=display&utm_campaign=2505_tysabri_key_messages_e-pdf_gbr_ms_tys_com&utm_content=e-pdf
https://biogenlinc-assets-bucket.s3.eu-central-1.amazonaws.com/MS-Prescribing-Information.pdf

	Introduction
	The situation pre-86 billion
	The problem with the 2009 paper
	Another study, another number
	Comparing the two datasets
	Statements
	Does it matter?
	Funding
	Competing interests
	References

