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Smart specialisation concept in metrology for blood and intraocular pressure measurements  
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A B S T R A C T   

Metrology for medical devices represents for many national metrology institutes (NMIs) a challenging field. 
Although the required uncertainties might be many folds worse than in case of industrial or fundamental 
metrology, the medical metrology requires not only quantity specific knowledge, but also understanding of the 
medical or physiological background of the quantities measured. This creates for many smaller NMIs an obstacle 
in providing traceability to these measuring instruments. To improve the situation in this field by Smart 
Specialisation Concept, three projects within European Metrology Programme for Innovation and Research were 
initiated.   

1. Introduction 

Medical devices with measuring function (MDMF) represent kind of 
measuring instruments that require specific approach both from 
metrology and legislation. Reliable and accurate measurements taken by 
these measuring instruments are indispensable in public health care. 
That requires measures that both limit devices with questionable quality 
and performance from entering the market and also tools for accuracy 
checks and metrological traceability during the whole life-cycle of these 
devices. 

European legislation defines requirements and procedures for the 
device to enter the market, in addition some European countries have 
their own national regulations to ensure the proper performance of 
MDMF in operation. These are implemented through the periodic 
metrological checks performed by national metrology institutes (NMIs) 
and private or governmental verification offices. However, many Eu-
ropean NMIs are not able to ensure a correct metrological traceability 
for MDMF due to lack of the resources and/or know-how to address this 
issue because there is no harmonised approach. In particular, emerging 
NMIs suffer from not having a clear goal for their further development 
while synergetic sharing of resources is prevented by limited coopera-
tion and a lack of strategies for further development. 

To improve the situation, three projects were initiated within the 
framework of the European Metrology Programme for Innovation and 
Research (EMPIR), project inTENSE, adOSSIG and CEFTON. 

Project inTENSE, which ended in May 2020, focused on intraocular 
pressure (IOP) metrology, project adOSSIG, running until November 
2022, focuses on blood pressure (BP) metrology and project CEFTON, 
starting in September 2021 will be focused again on IOP metrology. First 
two of these projects aim at metrology research and capacity building, 
while the last one is focused solely on capacity building. 

2. Project inTENSE 

The World Health Organization reports glaucoma as the second 

leading cause of blindness and the leading cause of irreversible blind-
ness. Intraocular hypertension is the most relevant and the only treat-
able risk factor for the disease. Non-invasive intraocular-pressure (IOP) 
measurements, carried out using eye tonometers, are used to screen for 
the intraocular hypertension. A correct measurement of the IOP is 
essential in the prevention and the fight against glaucoma. 

Due to lack of metrological traceability, know-how and almost non- 
existent harmonisation in the field of IOP NMIs of Austria (PTP-BEV), 
Czechia (CMI), Germany (PTB), Poland (GUM), Slovakia (SMÚ) and 
Turkey (TÜBİTAK UME), together with Palacký University in Olomouc 
(UPOL) and Slovak University of Technology in Bratislava (STU) joined 
within research potential project “Developing research capabilities for 
traceable intraocular pressure measurements” (inTENSE). 

The project inTENSE focused on the accuracy of IOP measurements 
for contact and non-contact tonometers in the Central European region 
and a smart specialisation concept for IOP measurements. 

2.1. Project objectives and results 

2.1.1. Competence centre 
One of the project’s aims was to establish a competence centre for the 

IOP metrology located at CMI that would not only benefit local cus-
tomers, but European NMIs and stakeholders as well. 

At the beginning of the project, PTB was the only NMI able to provide 
the state-of-the-art in the field of IOP metrology. This expertise was 
transferred during the project to CMI and represented a critical step in 
the impending establishment of this competent centre. 

All the planned advanced trainings of the CMI personnel by the ex-
perts of the PTB were successfully accomplished and the needed tech-
nical expertise was gained. The efficacy of these trainings was assessed 
and confirmed by two external experts in November 2018. In addition, a 
rigorous quality control system was established at CMI for all procedures 
related to the IOP measurements. An external audit of the tonometry 
related sections of the quality system of CMI was successfully completed 
in March 2020. This ensures the qualification of the traceable 
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measurement and research capabilities jointly developed at CMI for the 
IOP measurements using common tonometer types in the physiological 
and pathophysiological range of 10 mmHg–80 mmHg (1.33 kPa–10.67 
kPa). 

Consequently, the competence centre in IOP metrology was founded. 
An important part was a bilateral comparison in the IOP between CMI 
and STU. The laboratory standards involved were two clinically tested 
non-contact (air-puff) eye tonometers and both the set of the silicone 
eyes and an artificial model eye served as the transfer standards. The 
report of this successful comparison is available at the project’s website 
[1]. 

The centre also offers the IOP metrology trainings. The first of these 
trainings took place in March 2020, but the series was then interrupted 
due to outbreak of Covid-19 epidemic. These trainings will be resumed 
when the travel restrictions are lifted. The Best Practice Guidelines 
developed during the project can also be found at [1]. Moreover, the 
consortium prepared a draft of a new OIML international recommen-
dation on “Ophthalmic instruments – Non-contact tonometers”. This, 
after being approved, will complement the existing OIML R 145 
“Ophthalmic instruments – Impression and applanation tonometers.” 

2.1.2. Emerging techniques 
Another objective of the project was further development of the 

gained capabilities and keeping the pace with the technological progress 
in this field. Current state-of-the-art in the IOP metrology would be 
further advanced to emerging ophthalmological measurands (which can 
be additionally determined using the modern eye tonometers, such as e. 
g. corneal thickness) and to the IOP measurements under non-standard 
conditions (e.g. incumbent patients). The external scientific expertise 
from university partners was crucial to achieve this goal. 

Firstly, the factors that significantly influence the IOP measurements 
in the standard and non-standard conditions and for the most widely 
used eye-tonometers were identified via a thorough literature search. In 
general, it was found that the IOP readings are mostly affected by 
corneal thickness and biometrical properties such as hysteresis and 
corneal rigidity. Secondly, the effects of different parameters (including 
the non-standard measurement conditions) on the IOP measurements 
and uncertainties were summarized. Especially the short-term physio-
logical stress factors on the IOP were studied. It was found that such 
factors can affect the IOP values immediately before the measurement 
and significantly distort the results. Both final reports concerning these 
findings are also available at [1]. Clinical studies focused on the influ-
ence of hypoxia, head and body position on the IOP values were per-
formed and the results of these studies were published [2,3]. From a 
clinical view, the most important seems to be change of position and 
short-term physical activity, which induce immediate clinically signifi-
cant (i.e. > 2 mmHg) IOP changes. Other effects such as short-term 
hypoxia or maximal activity cause clinically insignificant mean 
changes of IOP, although individual fluctuations may exceed the safe 
range and may be a risk factor especially for glaucoma patients. The 
incidence of discussed parameters is limited to a short time interval after 
their termination, usually within 20 min. Based on these results, it can 
be recommended to keep at least 20 min rest before the IOP measure-
ment. The final reports [1] also present that coffee and energy drinks as 
well as water intake can change IOP. Thus, the measured subjects should 
avoid drinking of coffee or energy drinks in day of measurement or 
higher amount of water at least 1 h before the measurement. 

A virtual digital model of the eye cornea was created at STU. Then a 
real mechanical model (artificial eye) corresponding to the virtual 
model was constructed for the experimental verifications [4–9]. STU 
used this artificial eye as one of the transfer-standards in the mentioned 
above eye-tonometry comparison. In a separate study, UPOL collected 
and evaluated the IOP data using rebound and non-contact tonometers 
accompanied with the respective cornea properties data [10]. According 
to the previous literature review, the results indicate that the measure-
ment of intraocular pressure using rebound and non-contact tonometers 

is influenced by corneal hysteresis and corneal thickness. This obser-
vation may also indirectly reflect the effect of corneal rigidity, which is 
correlated with the thickness. If some of these parameters are markedly 
out of the normal range, the IOP reading can be distorted. Moreover, 
corneal hysteresis significantly influences mutual differences between 
both measurement techniques. Thus, the measurement of these param-
eters together with intraocular pressure could help to judge the clinical 
validity of IOP readings. 

2.1.3. Extending the centre 
One important aspect for the establishment, functioning and 

broadening of the competence centre was the investigation and full 
understanding of the EU and the relevant national legislations [11]. The 
consortium evaluated the content of the Medical Devices Regulation and 
discussed it during a workshop in Berlin in October 2019 (some pre-
sentations are available at [12]). A workshop focused on the Smart 
Specialisation Concept (SSC) was organised by GUM in Warszawa in 
August 2019 (some presentations are available at [1]). In addition, the 
consortium openly addressed the impact of the changes introduced by 
the New SI to the medical and metrological communities [13]. 

All these findings and the feedback obtained during the discussions 
at the mentioned above workshops were incorporated into “White Paper 
on the smart specialisation concept developed to ensure a coordinated 
and optimised Central European approach towards IOP metrology” [1]. 
This document summarizes the principles of the IOP metrology SSC and 
the commitments of the competence centre at CMI. From the beginning 
it was envisaged that the SSC would be extended in future geographi-
cally beyond the Central Europe and thematically beyond the IOP 
metrology. Based on the all mentioned above experiences, “Strategic 
plan for a pan-European centre on medical device metrology” was 
sketched [1]. 

3. Project adOSSIG 

Project adOSSIG [15] is extending the idea from project inTENSE to 
another MDMF, oscillometric blood pressure measuring instruments 
(sphygmomanometers, SM). 

Currently almost 25% of all adult Europeans suffers from hyperten-
sion; a disease with almost no symptoms, where accurate and reliable 
blood pressure measurement is an indispensable step towards successful 
treatment. 

Metrological traceability for modern oscillometric sphygmoma-
nometers faces similar problems as the IOP measuring instruments. 
Oscillometric sphygmomanometers represent majority of BP measuring 
instruments entering the market. These devices do not measure BP 
directly, like mechanical sphygmomanometers do, but rather calculate it 
with internal software from observed pressure oscillations in the cuff 
placed on a limb. 

In order to place these devices on the market, clinical investigations 
on their accuracy have to be carried out [18]. However, these are per-
formed on selected samples only, vast majority of production enters the 
market without such investigation. Once on the market, there are very 
limited possibilities for in-depth accuracy checks of these SMs. Current 
state of the art methods [17] are insufficient, as they do not check de-
vice’s accuracy in blood pressure measurement, but rather ability to 
correctly display test static pressure. 

As in case of IOP metrology, BP metrology is at many NMIs consid-
ered of secondary importance which means that many NMIs lack the 
resources and/or know-how to address problems with traceability of 
modern blood pressure measuring instruments. 

To address the problems mentioned above, project “Developing an 
infrastructure for improved and harmonised metrological checks of 
blood-pressure measurements in Europe” (adOSSIG) brings together 
NMIs of Austria (PTP-BEV), Czechia (CMI), Germany (PTB), Poland 
(GUM), Slovakia (SMÚ), Portugal (IPQ) and Ireland (NSAI), together 
with University of Ljubljana (UL). 
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3.1. Project objectives and results 

The overall aim of the project is to develop sustainable metrological 
research capabilities to provide traceability for blood pressure mea-
surement in Europe. This includes the development of a new standard, 
advanced blood pressure oscillometric signal generator (aOSG) followed 
by making metrology for advanced blood pressure measurements 
accessible to a broader range of countries. This will be achieved through 
the smart specialisation accompanied by creation of competence centre 
for BP metrology. The project has recently reached half of its lifetime. So 
far, the main focus was the development of the aOSG, this shifts towards 
networking and capacity building in the second half of the project. 

3.1.1. Advanced oscillometric signal generator 
Advanced oscillometric signal generator is a device able to re- 

generate real life signals as opposed to the strictly periodic oscillo-
metric signals generated by the current commercial blood pressure 
simulators. The aOSG will be tested as a possible standard for the cali-
bration and in-depth performance checks of sphygmomanometers. The 
design of the aOSG is based on previous research project [16,19]. 

So far, the aOSG was designed, constructed and initially tested for 
repeatability with very good results. Further testing of the aOSG is 
currently conducted by the project partners. 

Using the aOSG, the project consortium is developing a procedure for 
in-depth testing and complex metrological checks of automated sphyg-
momanometers. These test procedures will amend the insufficient state- 
of-the-art static pressure testing and will allow the evaluation of per-
formance of the whole sphygmomanometer rather than just the ability 
of pressure sensor to display static pressure correctly. 

It is essential to ensure a correct operation of the aOSG itself. In that 
sense, the project elaborates procedures for the (re)calibration of the 
aOSG as well as establish the maximum permissible errors for the device 
to be considered acceptable. As such, a new, dynamic pressure trace-
ability chain will be established which will increase the trust in the 
proper operation of sphygmomanometers and the confidence in the 
measured blood pressure values. 

3.1.2. Competence centre 
Similarly, as in project inTENSE, the project adOSSIG aims at smart 

specialisation concept (SSC) and creating a network of NMIs, DIs and 
universities that will be able to support and advise blood pressure 
metrology in Europe at all levels. 

Through this concept, metrology for advanced blood pressure mea-
surements will be made accessible to a broader range of countries. This 
will be achieved by condensing expertise and knowledge at one site, 
while simultaneously making it accessible to others. A centre of excel-
lence for blood pressure measurement (competence centre) will be 
established at CMI, which will be designed for the needs of all European 
NMIs/DIs in this field who cannot or do not want to build and maintain 
this capacity for themselves. The SSC will be a foundation for a long- 
term partnership in the field of traceable blood pressure measure-
ments, i.e. beyond the end of this project. The smart specialisation will 
allow the involved NMIs and DIs to optimally utilise the limited national 
capacities in a smart division of labour and resources. 

4. Project CEFTON 

Whereas project adOSSIG aims at a new measurand for the Smart 
Specialisation Concept in the field of MDMF in Europe, the project 
CEFTON will focus on broadening the partner basis. It aims at the 
countries which are the members of the Central Europe Free Trade 
Agreement (CEFTA). CMI joined the forces with three metrology in-
stitutes from the countries representing this region – IMBiH (Bosnia and 
Herzegovina), INM (Moldova) and ME-BoM (North Macedonia) that will 
serve as the pathfinders also for other CEFTA countries. 

The project has no research ambitions being entirely focused on the 

capacity building and engaging in the Smart Specialisation Concept. 
Firstly, the needs of the stakeholders from CEFTA will be mapped and 
analysed. Based on this the selected staff of three NMIs mentioned above 
will be trained at the IOP metrology competence and training centre 
(which was built within inTENSE). Meanwhile the relevant MDMF 
metrology legislation within CEFTA will be studied and where necessary 
the best practice guidelines (developed within inTENSE) will be adapted 
and/or broadened. Moreover, the legal boundaries for applying the 
Smart Specialisation Concept in CEFTA will be identified and finally, 
this concept will be found and started. In this way, the relatively small 
NMIs of the CEFTA region will gain the opportunity to enter this 
metrology field in the extent most suitable and/or profitable for them 
and to rely on the competence centre with the rest. It is expected that a 
successful completion of the project will attract also other European 
NMIs to get involved. 

5. Summary and outlook 

Smart specialisation concept proved to be viable concept for 
metrology for medical devices with measuring function. The compe-
tence and training centre at CMI, established within EMPIR research 
projects will continue providing its services after the end of these pro-
jects. The services of the centre will be permanently improved and 
upgraded according to the advancement of the technology and will 
ensure and maintain an up-to-date IOP and BP-metrology infrastructure 
for all interested European NMIs and international stakeholders. 

It is also expected that the various cooperation relations with the 
academic sphere established within these projects will continue further 
to further develop the scientific ground behind the centre. 
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