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Abstract
Investigation of apatite piezoelectricity was conducted in order to assess piezoelectric properties of bone. In the 

first stage, mineralogical analysis of different apatite crystals, regarding their purity and fitness for the experiments 
was performed. After the crystals had been chosen, 0.8 mm-thick plates were cut, perpendicular and parallel to the 
crystallographic Z axis. The plates were then polished and dusted with gold. Electrodes were attached to the opposite 
surfaces of the plates with conductive glue. So prepared plates were hooked up to the EEG machine used for measuring 
electrical activity in the brain. The plates were then gently tapped to observe and register currents generated in them.  

Acquired data was processed by subtracting from the resulting graphs those generated by a hand movement, without 
tapping the plate. Results indicate that apatite plates have weak piezoelectric properties. Observed phenomenon may be 
translated to bone apatite, which would explain, at least partially, piezoelectric properties of bone. 

Acquired results suggest that there is a relation between the mechanical workload of bones (bone apatite) and their 
electrical properties.  

Considering the massive internal surface of bones, they may be treated as a kind of internal “antenna” reacting not 
only to mechanical stimuli, but to changes in electromagnetic field as well. Observed phenomena no doubt significantly 
influence the biological processes occurring in bones and the whole human body.
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Introduction 

Considering the problem of piezoelectricity in 
bones, we need to remember that by weight, bones 
consist of 35% type 1 collagen, and around 65% 
carbonated hydroxyapatite [1]. The phenomenon 
of piezoelectricity observed in bones has assuredly 
significant influence on their functioning, and indi-
rectly, on functioning of the whole body. This phe-
nomenon is exceedingly important due to the phys-
icochemical equilibrium that occurs between the 
bone trabeculae and substances found in the spaces 
between the trabeculae. Presence of electrical phe-
nomena in bones was unequivocally and doubtless-
ly proven [2–5, 16, 28, 25]. That means that even 
minor mechanical impact on bones may change the 
electrical potentials inside and around them, which 
in turn affects the biochemical processes. Therefore 
understanding the phenomenon of piezoelectricity 
in bones is an area of interest for many researchers. 

The phenomenon of piezoelectricity was dis-
covered in the 1880s by Pierre and Jacques Curie. 
In the department of mineralogy of the Sorbonne 
University, they conducted a series of experi-
ments which became a foundation for future pub-
lications [6–15]. Their early experiments, which 
were the effect of many theoretical discussions and 

mathematical analyses, were conducted on tourma-
line crystals. Later, they were continued on crystals 
of many other minerals, including quartz [15]. 

Their research proved that some crystals have 
the ability to change electrical energy into me-
chanical, and mechanical into electrical.

The problem of the potentials occurring on long 
bones when they are being bent is a very interesting 
one [4, 16, 20, 22, 25]. Research conducted in this 
area by Delpech-Wolff and others [2, 19, 31] suggest 
that bone collagen has piezoelectric properties. It is 
supposed to have been confirmed by experiments 
consisting of researching electrical phenomena in 
natural and demineralized (devoid of apatite) bones. 
They are supposed to show nearly identical “electri-
cal” behavior in each case. Those experiments led dr. 
Wolff to assume that the piezoelectric phenomena in 
deformed bones are connected mostly to collagen. 

However, research by other scientists [1] sug-
gests that collagen does not have piezoelectric 
properties after all. It was also suggested that the 
electrical potential in bones under pressure may be 
connected with the fluids inside the bone that are 
undergoing pressure [18, 22, 24, 26, 27]. Not much 
attention has been paid so far to the mineral – bone 
hydroxyapatite. 
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Apatite [29], similar to piezoelectric tourma-
lines and quartz, forms six-sided prism crystals. 
Like quartz, it is optically uniaxial, and its optical 
axis correlates with its crystallographic axis.

Despite the fact that apatite obviously consists 
of other atoms than tourmaline or quartz, experi-
ments were conducted to check its potential pie-
zoelectric properties. In favor of such experiments 
were the opinions of researchers [1], suggesting 
that type 1 collagen in bone trabeculae can not 
have piezoelectric properties. 

Due to all of the above, experimental investiga-
tion of apatite piezoelectricity was conducted.

Material and methods
Acquiring apatite crystals of adequate purity 

and size for the planned research turned out to 
be very complicated. Milky apatite from the Kola 

peninsula, which are up to several centimeters 
long, consisted many liquid and gas inclusions. 
This property resulted in excluding them from 
further analysis. Apatite crystals from Morocco 
were admittedly small in size (Fig. 1A), but they 
were macroscopically clean. They had, however, 
a series of tiny cracks along the natural cleavage 
planes, which transpired to be important in fur-
ther research (Fig. 1B, 2A, B).

Therefore, apatite crystals from Portugal  
(Fig. 3) were finally used for further research. 
Two plates were cut: one parallel to the optical  
axis Z (crystallographic axis C), the other perpen-
dicular to optical axis Z (crystallographic axis C). 
Both sides of the plates were polished with dia-
mond paste. Two copper electrodes were attached 
to the opposite sides of the 0.8 mm-thick plates 
with conductive glue (Fig. 4). 

Fig. 1. crystals of apatite from Morocco used in the first experiment (A); picture of a plate of apatite cut 
perpendicularly to optical axis Z (B). Visible are inclusions and a net of cracks (enlarged ×10)
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Fig. 2. Apatite from Morocco: A – system of inclusions in examined apatite showing stages of crystallization. 
Polarizing light microscope, 1 polaroid, magnification ×200; B – inclusions orientated parallelly to the walls  
of the examined apatite crystal. Polarizing light microscope, 1 polaroid, magnification ×200
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After dusting the plates with gold, their electri-
cal measurements were taken. Measurements of 
the piezoelectricity of the apatite plates were tak-
en with the Emico device (of Polish production) 
in the EEG room of the Jagiellonian University 
Hospital in Kraków (Collegium Medicum, Kraków, 
Lubicz Street – Fig. 5A). The plates were attached 
to the electrodes (Fig. 5B). Reactions of the device 
(changes in currents) on the ends of the plates were 
recorded, after gently tapping the plates. The meas-
uremens were taken at different sensitivity levels 
(Fig. 6).

Charts of the currents generated during the ex-
periment are presented below (Fig. 6, 7). Figures 
6A, 7A show original charts recorded while gently 
tapping the crystals. Figures 6B, 7B show enlarged 
charts of currents generated while tapping the 
crystals. Current curves recorded during a hand 
movement, without tapping, are shown in figures 
6C and 7C. 

Fig. 3. clean and uncracked apatite crystal from Portugal, 
purchased on the market in Paris, intended for the second 
experiment regarding piezoelectricity of that mineral (A). 
plates cut from the clean apatite with attached electrodes, 
before dusting with gold. Upper plate – cut parallely to optical 
axis Z (B). Lower plate – cut perpendicularly to optical axis Z.  
Edges of the plates were coated with paraffin before dusting 
with gold (Fig. 4). After dusting, the paraffin was removed. 
Thickness of the plates: 0.8 mm. Scale: cmа

в

Fig. 4. Example image of an apatite plate cut 
perpendicularly to the optical axis Z after dusting with 
gold. The dark edge is a paraffin border; after dusting with 
gold and removal of the border, upper and lower surfaces 
of the plates were electrically separated.

Fig. 5. Małgorzata Janik, MSc, records the measurements acquired from the EEG device (A). 
measurements of the apatite plate cut in parallel to the crystallographic and optical axis Z (B)
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Fig. 6. charts of currents generated by the EEG device 
while tapping (three times) an apatite plate cut in parallel 
to the crystallographic axis Z of the apatite crystal (A). 
example of the currents chart after tapping the crystal (B). 
example of the currents chart recorded during a hand 
movement (C)

с

Fig. 7. charts of currents generated by the EEG device during 
tapping (three times) an apatite plate cut perpendicularly  
to the crystallographic axis Z of the apatite crystal (A). 
example of the currents chart after tapping the crystal (B). 
example of the currents chart recorded during a hand  
movement (C)
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Detailed observation of the enlarged current 
scurves for both types of apatite plates shows a 
slightly different curve between tapping the crystal 
and only moving the hand. 

Currents curves after tapping the crystal begin 
with a drop in voltage, followed by a jump that in-
dicates generating the current, and then a broken 
but clear, slow decline. 

Curves registered during a hand movement, 
without tapping the apatite plate, often (though 
not always) have a trajectory that is quite similar 
to the Gaussian one. The phenomenon may be de-
scribed as a drop in voltage followed by a system-
atic rise and slow decline. 

The conducted experiments indicate that the 
electricity phenomena recorded by the EEG de-
vice are slightly different between tapping the 
apatite crystals and a hand movement. The char-
acter of the currents curves indicates that tap-
ping both types of the apatite plates generates 
weak current of a voltage between a few and a 
dozen μV. 

Conclusion 

Due to lack of funding, both the research and 
the results should be treated as preliminary and not 
documented statistically. The goal was to show the 
phenomena and the investigation methods, and to 
inspire other researchers to continue the analysis. 
The importance of apatite piezoelectricity, due to 
the significant content of that mineral in bones, is 
hard to overestimate.

Presented results indicate that apatite shows 
weak piezoelectric properties. Through analogy, we 
may assume that apatite contained as nanocrystals 
in the collagen structure of bone trabeculae has 
such properties as well. Hence the conclusion that 
the electrical effect observed in bones during their 
deformation [16, 25, 30] may be a result of piezo-
electric properties of bone apatite. 

Tensions affecting the hydroxyapatite na-
nocrystals located in the collagen structure of the 
bone trabeculae, for instance during movement, are 
transported through the collagen strands in which 
the crystals are located. One should assume that 
despite the nano-size of the apatite crystals rooted 
in the collagen strands and infinitesimal piezo ef-
fects on each crystal, the overall electrical effect in 
the whole trabeculae, and at the same time in the 
whole bone, is a sum of separate effects occurring 
on separate crystals. 

Piezo effect of a single nanocrystal of bone hy-
droxyapatite is not measurable using present day 
methods, whereas the adding up of the effect was 
investigated and measured mainly in the long 
bones [4, 16, 20, 25]. 

There were also attempts to use electrical phe-
nomena to accelerate fracture healing [18, 23].  
In that case, the phenomena were not analyzed in 
relation to piezoelectricity, which, one may sup-
pose, played an important role in stimulating frac-
ture healing through vibration of the hydroxyapa-
tite nanocrystals. 

It is also possible that a series of factors, both 
external and internal (for example, increase in at-
mospheric and arterial pressure), may influence 
mechanical deformations of bone and its electrical 
potentials [21]. External electric field also influ-
ences mechanical behavior of the piezoelectric na-
nocrystals of apatite. 

Piezoelectric qualities of crystals, including the 
apatite we analyzed, allow for transformation of 
electrical energy into mechanical, and mechani-
cal into electrical. Mechanical impact on apatite 
crystals, through various tensions connected with 
the bone structure, may cause the creation of elec-
trical currents in the bone apatite crystals, i.e. in 
bones. Simultaneous electrical impact, e.g. changes 
in electromagnetic field, may probably lead to me-
chanical deformations of the bone apatite crystals, 
and as a result, the whole bones.

That entitles us to claim that thanks to its dis-
covered piezoelectric qualities, apatite, includ-
ing bone apatite, plays a role of a transformer. 
Transformation of mechanical energy to electrical 
and electrical to mechanical by the bone apatite is 
probably a stimulation factor for many phenom-
ena, not just in bones , but in the whole body [17]. 
Those phenomena should be an object of further 
multi-directional research. 

Funding: the authors have no support or 
funding to report.
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Реферат
Исследование пьезоэлектрических эффектов в апатитах проводили с целью оценить электрические характери-

стики костей скелета. Первым этапом был выполнен минералогический анализ различных кристаллов в отноше-
нии их чистоты и пригодности для целей эксперимента. После отбора кристаллов, из них формировали пластины 
толщиной 0.8 мм, выпиливая их перпендикулярно и параллельно кристаллографической оси. Пластины поли-
ровали, после чего наносили золотое напыление. Электроды присоединяли к противоположным поверхностям 
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пластин, используя проводящий клей. Подготовленные таким образом пластины фиксировали к аппарату ЭЭГ, 
используемому для исследования электрической активности головного мозга, после чего по пластинам аккуратно 
постукивали для наблюдения и регистрации вырабатываемого тока. 

Полученные данные обрабатывали, вычитая из результирующих показателей те, что были получены в резуль-
тате движения руки, не учитывая постукивания по пластине. Результаты демонстрируют наличие у апатитовых 
пластин слабых электрических характеристик. Наблюдаемый феномен можно применить к костному апатиту, что 
могло бы, по крайней мере, отчасти, объяснить электрические характеристики скелета. 

Полученные результаты позволяют предположить наличие взаимосвязи между механической рабочей нагруз-
кой костей (костный апатит) и их электрическими характеристиками. 

Учитывая обширную внутреннюю поверхность костей, их можно расценивать как некую внутреннюю  
«антенну», реагирующую не только на механическое воздействие, но и на изменения в электромагнитном поле. 
Без сомнения, наблюдаемый феномен существенно влияет на биологические процессы в скелете и организме 
человека. 

Ключевые слова: кость, пьезоэлектрические свойства в апатитов.
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