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Abstract: 

To evaluate the role of metrology in health care facilities, a study was performed among Portuguese hospitals 

to identify and analyze issues concerning the concept of metrological traceability. The discussion is structured 

around a dataset obtained from a survey questionnaire covering 44 public and private Portuguese hospitals. 

The principal results of our analysis include identifying some key indicators that apply to certified/accredited 
hospitals. Test reports and calibration certificates were the main metrological traceability documents required 
by the hospitals. The acquisition of medical measuring instruments with conformity reports depended on 

the type of hospital. Maintenance was considered the most relevant issue for private hospitals, whereas for 

the public hospitals this issue is less important than trust in the supplier. For public hospitals, purchase price 

was the most important requirement. For hospitals that acquire calibrated measuring instruments, only 50 % 
perform in-house calibration. We conclude that trust in supplier is associated with a lower overall budget for 

maintenance operations. The protocol established by hospitals to acquire measurement instruments does not 

reflect metrological concerns and the relationship between maintenance and metrological operation is not well 
established. Thus, we conclude that metrological traceability is largely absent in the daily considerations of 

health care professionals and facilities.
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1. Introduction 

Measurement, as a field of scientific and technical activity, encompasses a set of activities aiming at 
determining values for quantities of interest. It has shown a remarkable evolution through the centuries 

(Kind & Lubbig, 2003). The scientific area that is concerned with these activities is called Metrology (JCGM 
200, 2012), and it covers a wide range of key activities in all sectors of society, with a large impact on 
the economy (Hratch et al., 2000). Metrological traceability, measurement uncertainty, and method 

verification/validation are the main elements that support the capability of comparing measurements. 
Measurement uncertainty plays in turn an important role in assessing conformity with limits as well as in the 

comparison of measurement data (Golze, 2003).

Measurements and measuring instruments are present in day-to-day life and are fundamental in the 

prevention, diagnosis and treatment of diseases. Healthcare professionals assume that these measurement 

results are accurate, reliable and comparable over time. This assumption implies that they believe measurement 

results are metrologically traceable and that the methods and procedures with which they are obtained 

have known performance characteristics, often expressed in terms of repeatability and reproducibility 

(Ashford, 2010). Nevertheless, there should be awareness that errors and uncertainties in the use of measuring 
instruments, methods and procedures could lead to unsuitable clinical procedures, wrong diagnoses, or 

inadequate treatments.

Developments in clinical measurements constitute a good example for the improvements achieved by 

paying better attention to metrological traceability in laboratory medicine. The Joint Committee for 

Traceability in Laboratory Medicine (JCTLM), hosted by the International Bureau of Weights and 

Measures (BIPM), is the first international committee focusing on metrology in clinical chemistry and is a 
platform for the harmonization and dissemination of good practices in this field (Armbruster & Richard, 2007). 
Under the scope of the European Medical Devices Directives, new responsibilities and technical requirements 

for the measuring instruments were defined. Although this directive covers a wide range of instruments, the 
legal framework still allows each member state to consider complementary measures to protect public health 

and its citizens. At the same time, no further regulated control (according to EU policy) exists for these 

medical devices and instruments after they are placed on the market and put into service (Ferreira, 2011).

As the awareness of the benefits for having traceable measurement results increases, some researchers and 
technical experts (in metrology and medicine), have increased their efforts and interest for developing good 

and best measurement practice, based on metrological principles. Several papers were recently published 

focusing on specific types of measuring instruments used by health professionals. Some authors highlighted 
the key role of metrological traceability of sphygmomanometers as a tool for reducing health care costs and 

improving patient’s care (A’Court et al.,2011). Similarly, other researchers pointed out the need for traceability 
in clinical temperature results (Chung & Chen,2010). With respect to ophthalmic diseases, the evaluation of 
metrological concerns related to tonometers is under investigation (Choudhari et al., 2009). Protocols and 
good practices for using measuring instruments for pulmonary and respiratory diseases have been developed 

(Jensen et al., 2007).

Notwithstanding the progress made in the aforementioned work, much remains to be done to improve 

measurement practices in health care. In some fields of activity, the jurisdiction action players in health care 
have not done enough to assure the metrological traceability, and by implication the reliability, of health-related 

measurements. Furthermore, the growing concerns about quality assurance in health care facilities bring new 

areas of metrological opportunity. The lack of awareness of health professionals regarding metrology is a 

topic requiring further evaluation. Moreover, it is also considered that the interoperability between 

metrology, quality assurance, and health care is not contextualized within the current legal European framework.
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2. Method

A survey was developed that took into account the literature on this subject and the current framework of 

national health care facilities. The survey design and the data analysis were based on a multi method design as 

a qualitative (content analysis) and quantitative research methodology (Brannem, 2005). The analysis methods 

included inferential statistical analysis, nonparametric tests, Multiple Correspondence Analysis (MCA) and 

Exploratory Factor Analysis (EFA) (Maroco, 2007). In order to compare the relative likelihood between 
cross-variable outcomes, it was also used an Odds Ratio (OR, θ) evaluation. 
Data was collected using a survey structured as a questionnaire.

Survey characterization

The Portuguese hospitals were the target of this study and included private and public hospitals. Under the scope of 

this study, public hospital is an official hospital under the supervision of the ministry of health. The survey was focused 
on the hospitals included in the database from Portuguese Directorate-General of Health (DGS) available at that time 

(DGS,2008), without comparable information about private hospitals. Therefore, the population of private hospitals 

was identified by in situ regional search.The survey was designed and developed based on the analysis of the National 
and European metrological requirements for health care facilities. The research hypotheses and the development of the 

measure survey were performed using an exploratory qualitative approach without a previous similar validated survey.

From May 2011 to September 2011, 122 questionnaires were sent by e-mail to Portuguese hospitals. From those, 99 
were addressed to public hospitals, including those located on Portuguese islands (overseas territory); 35 responses 

(35 %) were received. The remaining 23 were sent to private hospitals; 9 responses (39 %) were received. The overall 
response rate was 36 %, which was considered sufficient for continuing with the study.
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Table 1- Questionnaire outline.

Item Variable Question type/Measurement scale

1-Hospital characterization
1.1 Classification

1.2 Geographical localization
1.3 Habitants

1.4 Number of clients
Open/Nominala

2-Type of Hospital (quality 
assurance)

2.1 Certified hospital
2.2 Accredited hospital
2.3 Some units qualified

Closed/Nominal

3-Quality Management Systems

3.1 Identify the standard references
3.2 Entity responsible for the qualification

3.3 Qualification date
3.4 Renewal Qualification assessment

Open/Nominal

4-The measuring          
instruments acquisition

4.1 Price
4.2 Trust in the supplier

4.3 Requirements of  ISO 13485 c

4.4 Maintenance conditions
4.5 History of the equipment d

4.6 Requirements of the Notified Body

Closed/Likert b

5-Metrological terms 
of reference applied to 
measuring instruments 

documentation

5.1 Calibration certificate
5.2 Verification certificate

5.3 Test report
5.4 Conformity report (product)

5.5 Without certificate

Closed/Nominal

6-Interface health        
professional vs measuring 

instrument

6.1 Metrological knowledge for measuring instruments
6.2 Interpretation of certificates vs test reports
6.3 Relation adverse event vs instrument error

6.4 Relation instrument  error vs indication results
Closed/Likert

7-Budget for medical 
equipment with measuring 

functions

7.1 Preventive maintenance
7.2 Corrective maintenance

7.3 Calibration
7.4 Verification

Closed/Likert

8-Metrological factors as a 
transversal tool in health care 

facilities

8.1 Relevance of the traceability of medical instruments
8.2 Metrological Legislation

8.3 External calibration
8.4 In house calibrations

Closed/Nominal

9-Training in metrology 9.1 Identify health professionals with metrology 
competences.

Closed/Nominal

10-The role of measures in the 
national economy

10. Identify the level of importance concerns the 
metrological traceability in the health economy.

Closed/Likert

a Responses to open questions were transformed into a nominal measurement scale.

b A Likert scale is an ordinal scale that uses a set of responses ordered so that one response is greater than 

another. This scale can be used for any question that has 3 or more possible options.

c Requirements concerning the fulfillment of medical devices manufactures under the scope of Portuguese 
policy.

d The “history of the equipment” means the evaluation of the test records across time.
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Pretesting was conducted to assure the survey’s validity. Apart from slight changes, the questions were 

maintaine da fter the pretesting. Data analysis was performed using Statistical Package for Social Sciences (IBM 

SPSS), version 19. The questionnaire achieved a Cronbach alpha of 0.74, confirming its acceptable internal 
consistency. In a first stage, univariate analysis was used to characterize the trend of the responses in each item 
measure score. Descriptive statistics were applied by computing the average, standard deviation, minimum and 

maximum values and frequency response. The second stage concerned the correlation between variables, including 

a bivariate statistical analysis from the dataset. The third and final stage included statistical inference, nonparametric 
tests, MCA and EFA evaluation.

3. Results

Results were obtained from analysis of the following main topics as listed in Table 1:

•Quality systems of survey respondents (items 2 and 3);

•Procedure for acquiring equipment vs metrology (items 2, 4 and 5);

•Metrology vs risk management vs patient safety (item 6 );

•Budget for metrological operations and maintenance procedures (item 7);

•Metrological factors as a transversal tool in health care facilities (item 2 and 8);

•Quality systems of survey respondents.

The Quality Management System (QMS) overview results indicated that 53 % of the respondents had some units certified/accredited 
as a partial qualification. As a whole recognition of their QMS, accredited hospitals represent 25 % of the respondents whereas 23 
% were certified.

More than 50 % of the respondents were qualified according to international standards, namely ISO 15189, ISO 22000 and ISO 
9001. National accreditation and certification bodies were preferred as the qualification agency by both private and public hospitals.

Procedure for acquiring equipment versus metrology

Considering the policy requirements to purchase medical equipment, some relevant factors that could influence 
equipment acquisition was assessed. For this purpose, EFA analysis was performed with orthogonal Varimax 

Rotation (Maroco, 2007). Sampling adequacy was confirmed by the KMO (Kaiser-Meyer-Olkin) and the Bartlett 
tests. The computed outcomes are listed in Table 2. Three Varimax factors have eigenvalues greater than 1.0 
and are appropriate for describing latent structure.  All three of these factors contain scores with absolute values 

greater than 0.707 (the square-root of 0.5) which indicates that the latent structure can be identified.
The variables are thus grouped by the following latent factors:

•technical conditions factor (1st EFA factor), consisting of maintenance conditions and the history of the 
equipment;

•legal requirements (2nd factor), including the compliance of requirement procedures as well as the 

hospitals’ requirements for the notified bodies;

•acquisition factor (3rd factor), including the price and the trust in supplier.
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Table 2- Exploratory Factorial Analyses (EFA) of the variables listed for item 4 of the questionnaire.

Factor

Variable 1 2 3 Communalitya

Price -0.21 0.00 0.83 0.73
Trust in supplier 0.29 0.05 0.75 0.65

Requirements of ISO 13485 -0.07 0.89 0.14 0.82

Maintenance conditions 0.80 0.27 0.13 0.73
History of the equipment 0.77 -0.05 -0.05 0.59

Requirements of the Notified Body 0.44 0.71 -0.13 0.71
Eigenvalueb 1.93 1.30 1.01

a Communality measures the variance explained by all factors and must be considered when it is greater than 0.5.

b The eigenvalue measures the relative variance explained by each factor and must be considered when it is greater than 1.0.

By cross analyses, these variables were determined to be related the type of hospital. Therefore, the items scores were 
transformed onto a 5 point Likert scale by an interval range from unimportant to extremely important. These results 
are presented in Figures 1 and 2 as percentages. For example, private hospitals (Figure 1) considered maintenance to 
be the most relevant issue (89 % considered this requirement extremely important) whereas public hospitals (Figure 2) 
considered it to be less important (just 37 % of respondents saw it extremely important). For public hospitals, price was 
the most important factor (51 %) which represents a strong restriction for the enforcement of metrological traceability.

Figure 1- Private hospitals: percentage of Likert levels attributed to the given indicators.

Figure 2- Public hospitals: percentage of Likert levels attributed to indicators given.
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On the context of the purchase policy (in terms of equipment acquisition), metrological documentation that is 

included on reference terms was another aspect that was analyzed. In order to analyze the relations between 

the nominal variables, MCA was applied. MCA is a multivariate method that allows exploring the principal 

components of a dataset by transforming the variables into dimensions through orthogonal projection. Similarly 

to EFA, the retention criteria were eigenvalues greater than 1.0 and principal component values greater than 
0.5. The MCA results are shown in Table 3.

The three retained principal dimensions explain almost 75 % of the data variability. The first dimension 
represents the verification certificate and test report whereas the second and third represent the calibration 
certificate and conformity report. Respondents who have no preference for calibration certificates are present 
in the 1st dimension, which are replaced by verification certificates and test reports. The opposite is true for the 
2nd dimension. The 3rd dimension represents hospitals that receive conformity (evaluation) reports.

The chi square value c2 (α = 0.05) was computed to analyze the relationship between the variables described 
in Table 3 (item 5 of the questionnaire) and the types of hospitals. Since the null hypothesis H0 is rejected 

(c2 = 6.92; p =0.008), we conclude that the acquisition of medical measuring instruments with conformity 
report depends on the type of hospital. This situation was also assessed by the Odds Ratio (OR, θ) measure, a 
comparison of the odds of observing an outcome given exposure to a presumptive cause relative to the odds 

of the same outcome in the absence of exposure to that cause (Morris & Gardner, 1988). The OR for private 
hospitals choosing to use conformity reports is only 0.65, the OR for public hospitals is a quite high 8.0.

Table 3 - Survey MCA applied to measuring instruments documentation (item 5 of the questionnaire 

Table 1).

The relation between hospitals that acquire equipment with calibration certificates and its relevance with 
respect to i) metrological knowledge and ii) technical competence for certificates’ analyses was also analyzed. 
The results indicated that hospitals with certified equipment (calibrated measuring instruments) consider 
relevant their own certified interpretation (50 %). Furthermore, 46 % expressed their interest in metrological 
knowledge applied to clinical practice.

Metrology vs risk management vs patient safety

Another issue evaluated focused on the key role of metrology in risk management and patient safety. Two 

different principal dimensions were identified by MCA; they are shown in Table 4. The 1st dimension can be 
characterized by the association between the need to interpret metrological certificates of equipment and the 
reflection of this interpretation on the errors generated by the measuring instruments. Considering that these 
errors can be widespread in diagnostic and therapeutic procedures, extrapolation of this interpretation for 

clinical practice (whose influence on adverse effects can be significant) is also present in this dimension. On 
one hand, the metrological knowledge that health professionals must acquire for their measuring instruments 

is very important and can influence the evaluation of measurement error as well as its outcomes. On the other 
hand, the high score of i) interpretation of certificates vs tests reports and ii) adverse event vs instrument error 
show relevant concerns around patient safety. We conclude that the risk related to the use of medical equipment 

and patient safety can be considered exogenous latent variables with special relevance in health metrology.

Variables 
Principal Dimensions

1 2 3

Calibration certificate 0.01 0.71 0.098
Verification certificate 0.52 0.02 0.08

Test report 0.58 0.00 0.09
Conformity report (product) 0.29 0.03 0.51

Without certificate 0.00 0.46 0.36
Eigenvalue 1.40 1.22 1.11
Variance, % 28.0 24.3 22.3
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Table 4- Survey MCA applied to the relationship health professional vs measuring instrument (item 6 

of the questionnaire Table 1).

Variables 
Principal Dimensions

1 2

Metrological knowledge for measuring instruments 0.48 0.64

Interpretation of certificates vs tests reports 0.92 -0.06
Relation adverse event vs error of instrument 0.92 -0.07

Relation error of instrument vs indication results 0.23 -0.84

Eigenvalue 1.19 1.13
Variance, % 49.6 28.3

Budget for metrological operations and maintenance procedures

Considering the key role of budget management, we assessed the budget outcomes from hospitals 

related to metrological operations and maintenance procedures, notably preventive and corrective 

maintenance, calibration, and verification of measuring instruments. These items were scored on a 5 point 
Likert scale by an interval range from less than 10 % to more than 30 % of the hospitals’ overall budget 
allocation. Regarding maintenance operations, corrective maintenance is the operation selected by 14 % of 
hospitals with a budget more than 30 % whereas 75 % of hospitals allocated less than 10 % of their overall 
budget. That means 33 hospitals devoted less than 10 % of their budget to maintenance operations (corrective 
and preventive) 30 of which were public hospitals. Under this subject, the public hospitals included in this 

study had up to 1100 individual measuring instruments. However, only 2.3 % of the respondents reported 
more than forty calibrated instruments per calibration period (defined by each hospital). Therefore, one can 
assume the budget values applied by hospitals represent a worrying indicator and a poor predictor for the 

metrology in the health services. 

In Table 5 results of MCA analyses for this dataset are listed. Corrective maintenance, calibration, and 

verification are included in the same principal dimension, being all with score close to the 1.0 saturation 
value. Preventive maintenance has the highest score on the other dimension. The Cronbach alpha of 0.85 for 

this analysis indicates an acceptable internal consistency.

Table 5 - Survey MCA applied to the budget for medical equipment with measuring functions (item 

7 of the questionnaire Table 1).

 Metrological factors in health care facilities

Metrological considerations are distributed throughout health care decision processes, which led 

to its inclusion in several questions. The relevant variables are those of item 8 of the questionnaire 

(Table 1). Since the responses to these questions were not in harmony (Cronbach alpha of 0.25), a 
binomial test was applied by which the null hypothesis was rejected for metrological legislation. 

That is, the ratio of hospitals that consider legislation in the field of traceability of medical 

devices as important is statistically similar to the proportion of those who do not consider it to 

Variables 

Principal 

Dimensions

1 2

Preventive maintenance 0.54 0.97

Corrective maintenance 0.85 0.02

Calibrations 0.93 -0.31
Verifications 0.94 -0.03

Eigenvalue 2.75 1.12
Variance, % 75.3 23.4
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be relevant. In order to validate this inference, a MCA was applied and two principal components 

(dimensions) were retained. In Table 6 the results of this analysis are presented. One dimension is 
dominated by metrological legislation. The other dimension is dominated by in house calibrations 

and can be interpreted as concern measurement traceability.

Table 6 - Survey MCA applied to the metrological factors in health care facilities (item 8 of the 

questionnaire Table 1).

Among the respondents that considered traceability to be relevant, 93 % carried out external calibration and 64 % in house 
calibrations, respectively. These procedures (external and in house calibrations) are practiced by only 31 % of the respondents. 

The OR applied to in house calibrations by type of hospital was also evaluated. The odds ratio of private 

hospitals performing in house calibrations is 1.5 higher than for public hospitals.

4.  Discussion

A large majority of the organizations that responded to our survey had implemented a recognized quality management 

system where more than 50 % of the hospitals were qualified under the scope of international standards.
The purchase price of measuring instruments is the most important requirement for public hospitals. For these 

hospitals, there is also significant correlation between the trust in the supplier and the price of the product. This could 
become an even greater issue if the economic downturn continues. Our results also stressed that the high degree 

of confidence in the supplier is proportional to a lower overall budget for maintenance operations. That seems an 
unclear frontier between maintenance and metrology operations.

There is no evidence of correlation between metrological documentation (test records and metrological certificates) 
and the nature of the hospitals’ quality management systems. Hence, despite the statistically significant results 
obtained for maintenance operations, we conclude that the protocol established by hospitals to acquire measuring 

instruments does not reflect metrological concerns.

Discovering the relationship between adverse events and the measuring instrument performance was fairly 

valued by the hospitals surveyed.  This can be considered an indicator of metrological awareness on the 

part of health-care professionals.  Organizations that acquire equipment with calibration certificates are 
those who consider an improving knowledge of metrology as important. Hence our results suggest that 

some health care professionals are aware of the role metrological performance of their equipment has in 

their clinical practice. However, in most institutions, metrological traceability is secondary to maintenance 

operations.

The majority of public hospitals surveyed used external calibrations without in house calibrations. Private 

hospitals carried out instrument calibration by themselves with technicians having had specific training in 
metrology.

Variables a
Principal Dimensions

1 2

Relevance of the traceability of medical in-
struments 

0.32 0.34

Metrological Legislation 0.64 0.01
External calibrations 0.24 0.31
In house calibrations 0.03 0.59

Eigenvalue 1.23 1.15
Variance, % 30.7 28.7
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The respondents to our survey had little knowledge of our opinions about metrological legislation. A trend 

for the application of metrological practices prevailed in those entities with more knowledge and awareness 

of metrology issues, particularly the implementation of procedures that promote metrological traceability 

of measurement results.

5. Conclusions

We conclude that metrological traceability is a subject that plays little role in the day-to-day life of health care 

professionals, although the concept is known. Our study has identified some factors the perception of which 
might improve the knowledge in the field of health and metrology.

Considering the key role of quality assurance and quality control in health care facilities, this research work also 

contributes to the introduction of metrological concepts, principles and practices in hospitals and clinical laboratories.

Within the framework of quality improvement in health care at the European level, a continuous international 

collaboration of experts is needed for promoting a comprehensive approach to promoting good measurement practices. 

This is the major challenge that should receive the attention of the metrological and the health care communities.
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