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Abstract 

Background: The Modified Mini Mental State (3MS) is the extended version of the original Mini Mental State test with additional items 

improving the coverage of the remaining cognitive functions of the original version. 

Aim: The aim of this pilot study is to translate the Modified Mini Mental State test and assess its psychometric properties, in order to 

enable the use of 3MS test for Greek speakers. 

Method and Material: Independent sample t-test analysis was performed to test for differences between the study groups (N=105) 

and dependent sample (N=37), while pair sample t-test for pre-post differences in the treatment group for the 3MS. 

Results: Cronbach’s a was 0.867 showing very good internal consistency. Children in the cases group presented significantly lower 

scores after the tonsil operation as compared to controls revealing good discriminant validity of the measurement.  Finally, test-retest 

scores were shown to be significantly correlated, revealing excellent test-retest reliability of the measurement. 

Conclusions: The reliability and validity of the 3MS test is established for the healthy children undergoing routine surgery population. 
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INTRODUCTION 

Originally intended to test dementia, the Modified Mini Mental 

State [3MS],1 is the extended version of the original Mini Men-

tal State test [MMS]. 2 Both instruments are widely used to as-

sess the occurrence of cognitive difficulties and change over 

time, including temporal and spatial registration, calculation, 

attention, recall, language, constructional praxis, as well as time 

and place orientation. In comparison to the Mini Mental State 

test, the 3MS includes 4 additional items, adding abstract 

thinking and delayed memory, as well as improving the cover-

age of the remaining cognitive functions of the original ver-

sion. Also, the 3MS has added difficulty, and an extended 

scores scale from 0-30 to 0-100, ameliorating possible 

low/high ceiling effects, and enhancing specificity and sensitivi-

ty.  

Another important difference between the two tests is that the 

3MS test is accompanied with grading instructions in greater 

detail, available for the examiners. Improved instructions in 

3MS address observed grading variations and inconsistency 

with the original MMS, as for example with the evaluation of 

the responses to the item “world”, when tested individuals are 

asked to spell the word world, and then examiners also need to 

evaluate and score the process of spelling the word “world” 

backwards. Also, the improved standardised directions are par-

ticularly useful in assessing young children and variable per-

formances that characterise young children.3  

The 3MS is also the most used test for assessment of Post-

Operative Cognitive Dysfunction.4 Post-Operative Cognitive 

Dysfunction (POCD) is defined as disturbances in cognitive 

function that appear after a surgery and general anaesthesia.5 

POCD may persist for days, weeks or months post-surgery with 

unpredicted consequences for the patient’s health, social well - 

being, and professional or academic life.6-8  

With a start from animal research that suggests deleterious 

effects and apoptotic neurodegeneration after general anaes-

thesia (GA) to rodents,9 but also studies on post-operative 

cognitive disturbance observed in toddlers, there has been a 

growing body of research investigating whether GA has a sig-

nificant negative effect on children’s cognitive function and 

post-operation academic development.6,10  For example, one 

cohort study reports significant differences between exposed 

and unexposed to GA children’s scores in receptive language, 

expressive language and abstract thinking. In particular, chil-

dren exposed to GA before the age of 3 were found with a 

greater than two-fold risk of sustaining receptive and receptive 

language difficulties at the age of 10, as compared to unex-

posed children in the cohort, and also with an increased risk of 

difficulty in abstract thinking.11 In parallel, there is a growing 

body of research that examines the impact of surgery and GA 

on elderly patients, who are also at risk of suffering POCD, es-

pecially if they experience pre-operation cognitive difficulties 

or dementia.12 

Unfortunately, the methodological differences across the exist-

ing studies, as well as scarcity of inclusion of control groups 

tested in the available studies, does not allow meta-analytical 

research to develop and therefore findings of studies on POCD 

are inconclusive.13 Also, inconclusive is evidence for the post-

surgery outcome differences between general and regional 

anaesthesia, however, research findings suggest that outcome 

depends on the age and the clinical severity of patients under-

going the surgery, rather than the type of anaesthesia per se,14-

17 although there is a lot of room for studies’ methodological 

improvement.4, 17-18  

Specifically, research evidence suggests that the most possible 

contributing factors for the development of POCD are age of 

the patients undergoing an operation (<3 years old and > 60 

years old), the surgery-induced inflammation and possibly 

caused apoptotic neurodegeneration due to anaesthesia,19-20 

pre-operation cognitive function, as well as the presence of 

depressive symptomatology.12,21 Moreover, it is suggested that 

in older patients another contributing factor might be the level 

of education,12,20 with estimates of approximately 10% risk de-

crease for every additional year of education, and 70% risk 

increase among individuals with high school education, as 

compared to patients with higher education.19-20  

In either case, and irrespectively of how low is the percentage 
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of patients that are found to be encountering POCD symptoms 

in variant studies, what is definite is that POCD is a condition 

that requires research and medical attention, as it surely affects 

a proportion of patients, who firstly need to be informed about 

POCD, and protected from POCD persistence and the unpre-

dictable consequences, for their safety, health and well-being.  

Cognitive assessment of patients post-operatively is essential 

for their recovery and well-being. The aim of this pilot study is 

to translate the Modified Mini Mental State test and assess its 

psychometric properties, in order to enable the use of 3MS test 

for Greek speakers. Pre-operative preparation of patients is, 

also, important, especially of children and patients encounter-

ing severe health problems; addressing individuals’ anxiety and 

emotional state preoperatively.22-25  

 

METHODOLOGY 

This is a preliminary pre-post study with one treatment and 

one control group. The study’s protocol was approved by the 

Ethics and Research Committee (AN 24/3/15) and (AN 

293/12.01.2015),. The study’s report is written in accordance to 

the guidelines of the template for intervention description and 

replication (TIDieR), 26 where applicable.  

 

Participants and settings 

Totally, 145 school students from first grade of elementary to 

second grade of high school were recruited, of which 108 had 

tonsil surgery and 37 were controls. The inclusion criteria were 

specified as follow: (1) school-age children undergoing tonsil 

surgery, (2) with no underlying health condition, (3) with no 

diagnosis of intellectual disability, (4) with no diagnosis of any 

psychopathology, (5) native Greek speakers. In-person briefing, 

collection of parental consent forms and questionnaires’ collec-

tion took place at the premises of the otolaryngologic clinic  

(treatment group), and at numerous Greek public schools of 

Attica (control group).   

 

Procedure 

Parental informed consent was obtained from the parents of all 

children that participated in this study. Participation was volun-

tary; no financial or other incentives were given. All parents 

were given the study’s information sheet and were fully in-

formed for the procedures upfront, including the aim of the 

study, the description of the mini mental instrument, and the 

timing of the two measurements. The parent of the children in 

the treatment group were approached while they were waiting 

in the children’s rooms. The children in the control group were 

given the study’s information sheet to take at home with the 

contact details in order to arrange assessment’s appointments 

for those parents that gave their consent. The children of the 

treatment group undertook the 3MS test at their hospital 

room, one day before the surgery, and tested again right after 

the operation, at the recovery room. The children of the control 

group were tested at a quiet room of their school. 3MS test 

was administered by the researchers of the study, and took 

approximately 10 minutes.   

 

Measures 

The 3MS is a 15-item test with answering duration of 5 to 10 

minutes. One-month test - retest stability coefficient is report-

ed to be .80, whereas cutting-off points are regularly between 

76 and 80.1 Test-retest stability and sensitivity of the 3MS 

makes this test appropriate for detection of cognitive change 

over subsequent assessments in time, which is especially useful 

in evaluating patients’ progress in rehabilitation programs. 

Since it is more important to effectively identify individuals, 

children or adults, who sustain cognitive disturbances, even if 

false positives might increase, sensitivity is often preferred over 

specificity, and therefore various studies have calculated opti-

mal sensitivity cut-off points. In elderly and young children, 

scores in cognitive abilities tests, and specifically in 3MS, are 

strongly associated with age and education, as well as with 

possible interaction between age and education.27-28 For ex-

ample, the study of Grace and colleagues, 1994 in geriatric 

population with occurrence of stroke, reported optimal cut-off 

point to be 86 of 100, with resulting sensitivity 94% and speci-

ficity 50%. In children population however, cut-off 87 is sug-
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gested only for the age of 9 and older.3  

The New Greek version of the questionnaire was initiated after 

contacting the developer of the instrument and informing 

them about the purpose of the study. 

The translation strategy was created on minimal criteria estab-

lished by the Scientific 

Advisory Committee of the Medical Outcomes Trust.29 

Translation was implemented using the multiple forward and 

backward translation protocol recommended by Guillemin, 

Bombardier & Beaton.30  

A reconciliation meeting was conducted to obtain a consensus 

version. Then, two native English speakers retranslated the re-

conciliated Greek version into the source language (back trans-

lation) which is the recommended procedure for creating se-

mantic equivalence.31 

 

Data analysis 

According to the statistical power analysis performed for sam-

ple size estimation, with an alpha = .05, β = .2 and power = 

0.80, the projected minimum sample size needed is 16 children 

per group. Absolute and relative frequencies (%) are presented 

for nominal data, whereas Mean and Standard Deviation are 

reported for scores. Normal distribution of residuals and linear-

ity was examined with Kolomogorov-Smirnov test and normal 

probability plots. Independent sample t-test analysis was per-

formed to test for differences between the study groups and 

dependent sample t-test for pre-post differences in the treat-

ment group. Reliability of Modified Mini-Mental State Examina-

tion scores was assessed by calculating Pearson product-

moment correlation coefficients between scores obtained on 

the first and second administration of the test. All statistical 

analysis was performed using the SPSS v.21. An alpha level of p 

< .05 was used throughout the analysis. 

 

RESULTS  

In total 108 children were recruited and completed the pre-

post measurement. Sample characteristics are presented in 

Table 1. Cronbach’s a, for this subset at the initial test period 

was 0.867 showing a very good internal consistency for the 

measurement.  Corrected Item-Total Correlation ranged from 

0.179 to 0.721 with all the items having significant correlation 

with the total score.   

Children in the cases group presented a significantly lower 

scores after the tonsil operation as compared to controls (cas-

es: M=73.5, controls: M=85.5, p=.001) revealing a good discri-

minant validity of the measurement.   

Also, boys after surgery scored significantly lower after the 

surgery as compared to boys in the control group (cases: 71.6, 

control: 87.7, p=.001). However, there was no significant differ-

ences found between the girl sub-groups and no differences 

were found between boys and girls in all the subdomains of 

the questionnaire.  

Moreover, there was a statistically positive correlation between 

total score and age, both for the first and the second admin-

istration respectively (r = .747, p = .000; r = .718, p = .000). 

Also, significant differences were found between all different 

educational levels, except between kindergarten and 1st class 

(F8,133=21.135, p=.000) as presented in table 2.   

Finally, test-retest scores were shown to be significantly corre-

lated (r = .959, p = .000) revealing an excellent test retest relia-

bility of the measurement. 

 

DISCUSSION 

This was the first study to explore the psychometric properties 

of the Greek 3MS questionnaire. Reliability of the Greek version 

of the Modified Mini-Mental State Examination scores was 

assessed through test-retest correlation coefficients. Test 

scores for the Modified Mini-Mental State Examination appear 

to be reliable for both treatment and control samples in 1week 

retest interval. The stability of these scores over time provides 

more meaningful interpretation of results.  

As in previous studies with adults,32- 33 the present study found 

that children’s Modified Mini-Mental State Examination scores 

are significantly related to both age and education. Taking this 

into consideration, reported means and standard deviations by 

age group may therefore be used as a standard against which 
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a particular child’s performance on the measurement can be 

estimated.  

Internal consistency of the measurement was found to be simi-

lar to the Canadian study, were alpha was 0.87 for the 3MS 

revealing a good reliability for the new Greek version of the 

test. 

Previous studies using the Mini-Mental State Examination with 

adult populations have established that the measurement is 

able to distinguish between nonclinical and diagnostic groups2, 

34, a result that was replicated in the present study as well, 

since significant differences were found between children un-

dergoing surgery and the control group. This result is also an 

addition to the Besson and Labbe results that were unable to 

reveal significant differences due to the skewed distribution of 

their sample.3 

In conclusion the present study was the first to examine the 

psychometric properties of 3MS in a Greek sample of children 

that provide data on central tendency and variability of scores 

at each age level that may be used as preliminary norms. More 

studies are needed to provide evidence for differences be-

tween different clinical samples and cut of scores distinguish-

ing between different clinical conditions both for adults as well 

children.  

 

Limitations of the study 

This study has several limitations. First, the sample was conven-

ient, which means that results cannot be easily generalised. 

Also, the sample was consisted only of Greek speaking chil-

dren, thus cultural adaptation should be achieved in second 

time.  

 

Conclusion 

In this study, the reliability and validity of the 3MS test is estab-

lished for children undergoing routine surgery population.  
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ANNEX  

TABLE 1. Sample characteristics. 

 Total 

N(%) 

Controls 

N(%) 

Cases 

N(%) 

Study group    

Controls 37(25,5%) - - 

Cases 108(74,5%) - - 

Sex    

Boys 72(50,3%) 17(48,6%) 55(50,9%) 

Girls 71(49,7%) 18(51,4%) 53(49,1%) 

Grade    

Pre-school 4(2,8%) 0(0,0%) 4(3,7%) 

Elementary   1st  33(23,2%) 5(14,3%) 28(26,2%) 

                      2nd  22(15,5%) 2(5,7%) 20(18,7%) 

                      3rd  25(17,6%) 5(14,3%) 20(18,7%) 

                      4th  13(9,2%) 2(5,7%) 11(10,3%) 

                      5th  17(12,0%) 6(17,1%) 11(10,3%) 

                      6th  15(10,6%) 8(22,9%) 7(6,5%) 

Secondary     1st  11(7,7%) 7(20,0%) 4(3,7%) 

                      2nd  2(1,4%) 0(0,0%) 2(1,9%) 
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TABLE 2. Modified Mini Mental State scores  

 

 Controls 

Μ 

(SD) 

Cases 

M 

(SD) p-value 

Mini Mental    

Total  85,5(13,8) 73,5(19,0) 0,001* 

Boys 87,7(13,6) 71,6(20,1) 0,001* 

Girls 85,4(14,8) 75,6(17,7) 0,073 

For total sample    

Pre-school 45,0(18.5) 

58,6(16.7) 

70,2(15.3) 

78,9(11.3) 

84,6(13.1) 

88,9(7.8) 

94,5(4.9) 

92,5(4.4) 

95,5(2.1) 

 

Elementary 1st  0,157** 

                     2nd  0,002** 

                     3rd  0,000** 

                     4th  0,000** 

                     5th  0,000** 

                     6th  0,000** 

Secondary   1st  0,000** 

                     2nd  0,000** 

    

For cases only   0,102 

Mini Mental Pre  73,5(18,9)  

Mini Mental Post  72,6(20,6)  

 

*For independent sample t test; **for multiple comparison with Dunnet 2-sided test; M: Mean; SD: Standard Deviation 
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