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Introduction: Modern medicine employs various approaches to analyzing data collected

through clinical observation. The results of such analyses demonstrate general tendencies

of the observations, yet they do not point to the dynamics of the therapeutic process.

Aim: The authors of the present study propose introducing the T1 scale, thanks to which one

can analyse the results and course of each patient's treatment in relation to normal

distribution. The aim of this study is to prove that T1 scale is functional in evaluating

the effects of long-term therapy.

Material and methods: The study shows that T1 scale, which is realized through the formula

y = 10zi + 50, is a universal scale. It has been concluded that the interval of T1 scale

determines effective dynamics of therapeutic procedures. The study encompasses 234 term

infants born with normal weights who were diagnosed with neurodevelopmental disorders.

The subjects were observed every 6 weeks. T1 scale was applied in order to evaluate the

dynamics of clinical change of the analysed features.

Results and discussion: The scale precisely differentiates the population, that is the number of

patients for whom beneficial therapeutic effects were observed, the closer the values in T1scale

are to the mean value of T1 scale. T1 scale makes it possible to evaluate clinical observations in

the treatment process in a precise manner in line with evidence-based medicine (EBM).

Conclusions: T1 scale makes it possible to evaluate clinical observations in the course of

treatment in a precise manner in line with EBM.
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1. Introduction

All the dynamically developing branches of modern science,
including medicine, should evaluate incidents and observa-
tions. In order to ensure that, one needs to apply mathematical
models as well as statistical analysis, which can be predicted
during the research planning.1

According to the authors, all the investigations are to focus
on determining the effects of therapeutic procedures. At
present, medical viability is determined by conclusions drawn
on the basis of studies performed in line with evidence-based
medicine (EBM).2

Following these rules, one needs to carefully select
methods of analysis of the observations. The obtained results
can have various clinical values, which can in turn be decisive
in choosing a particular treatment.3

The authors believe that T1 scale presents differences in the
clinical value of research conclusions in line with the rules of
EBM. The study constitutes an attempt to apply the solutions
of a mathematical model of T1 scale in which standard
deviation is a unit of measurement in order to interpret clinical
results.4 This is especially crucial because a human being is a
subject of therapeutic procedures, it is a particular patient, and
the time of commencing the treatment, its length and
dynamics play a decisive role when it comes to therapeutic
success.5–7

The name of T1 scale as a mathematical model is validated
by the fact that the correlations between a priori and a
posteriori results constitute simplified assumptions. Currently
in medicine various approaches to clinical data analysis are
followed, most often researchers apply an analysis of results
variability with Student's t- or x2-distribution, or a correlation
of variables with Pearson correlation coefficient, linear
regression, etc. These methods do not demonstrate the
dynamics of a therapeutic process.

2. Aim

To show the functional application of T1 scale in evaluating the
dynamics of long-term therapy.

3. Material and methods

The study encompassed 234 term infants with normal weights
diagnosed with neurodevelopmental disorder during a routine
pediatric examination. The patients were referred with a
diagnosed posture asymmetry. Identifying the disorders
constituted the basis for extended examination of psychomo-
tor function and for implementing treatment in the Rehabili-
tation Department of Children's Hospital in Kielce. Following
the neurokinesiological assessment, central coordination
disorder related to the posture asymmetry was found, which
according to Vojta is a basis to implement treatment.8 The
examination included assessing the whole range of psycho-
motor functions of the infants according to the model
proposed by the Children's Centre in Munich.9 This model
assesses neurodevelopmental changes and the level of
functional ability on the basis of four criteria: (1) the level of
social interaction; (2) spontaneous motor function in the
supine position and the lying face down position; (3) seven
postural responses according to Vojta; and (4) neurological
reflexes according to Vojta.10 Each of the analysed features was
assigned 0 (for pathological responses), 1 (for partly abnormal
responses), or 2 (for normal responses). Next, values in T1 scale
were attributed to these scores. The observations were
performed every 6 weeks. All the children were undergoing
rehabilitation treatment program with the use of Vojta's
method, SI and NDT-Bobath techniques until optimal im-
provement of their motor function was achieved. The
observations were performed in 2009–2012 in Kielce Province
Children's Hospital.

3.1. Statistical analysis

In order to establish a method to evaluate the dynamics in long-
term therapy, normal distribution was applied.11 The density
function of normal distribution is determined as follows:

f ðzÞ ¼ 1ffiffiffiffiffiffi
2p

p e�
1
2z

2
(1)

where standardized score (z) is defined as:

z ¼ xi�xm
s

(2)

while

xi – ith empirical score,
xm – the mean score,
s – the standard deviation.

The parameters of normal distribution, that is the expected
value (xm) and standard deviation (s) were calculated according
to the following formulas12,13:

xm ¼ 1
n

Xn
i¼1

xi (3)

s ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

i¼1ðxi�xmÞ2
n

s
(4)

where n – the number of scores.

Standardized scores are difficult to interpret due to the fact
that they may assume negative, positive and zero value. Thus a
new scale was construed, in which scores become positive and
equivalent to empirical results. The equivalence is ensured by
the relationship of equality between the empirical standardized
scores and the standardized scores in the new scale.14

The standardized score zy in the new scale was defined as:

zy ¼ y�b
a

(5)

where

y – the score in the new scale – a priori,
b – the mean value of scores in the new scale – a priori,
a – the standard deviation in the new scale – a priori.

The relationship of equality of standardized scores, that is
the standardized scores (formula 5) which result from the scale



Fig. 1 – Graphic illustration of function f(y) = f(z) in T1 scale.

Table 1 – Values for f(zy) = f(z).

Standardized
score

Value of function
f(zy) = f(z)

Scores in
T1 scale

0 0.3989 50.0
0.05 0.3984 50.5
0.10 0.3970 51.0
0.15 0.3945 51.5
0.20 0.3910 52.0
0.25 0.3867 52.5
0.30 0.3814 53.0
0.35 0.3752 53.5
0.40 0.3683 54.0
0.45 0.3605 54.5
0.50 0.3521 55.0
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a priori, and the empirical standardized scores – a posteriori
(formula 2), allows one to express the empirical scores in the
new scale as follows:

y�b
a

¼ xi�xm
s

(6)

After transformation:

y ¼ a
xi�xsr

s
þ b (7)

Thus:

y ¼ azi þ b (8)

Formula 7 is T scale. When it is assumed that: a = 10; b = 50,
formula 7 is T1 scale, in the form of

y ¼ 10z þ 50 (9)

The normal distribution density functions for the
standardized scores and for the scores in T scale have
the same values since on the basis of formula 1 we
arrived at15:

f ðzyÞ ¼ 1ffiffiffiffiffiffi
2p

p e�
1
2

y�b
a

� �2
¼ 1ffiffiffiffiffiffi

2p
p e�

1
2

azþb�b
að Þ2 ¼ 1ffiffiffiffiffiffi

2p
p e�

1
2z

2 ¼ f ðzÞ (10)

The above formula is illustrated in Fig. 1.
The values on the axis of abscissa are the standardized

scores from �5 to 5 (Fig. 1). These scores are equivalent to the
values expressed in T1 scale as a result of formula 9 and
amount respectively to

0 $ 10 � 0 + 50 = 50;
1 $ 10 � 1 + 50 = 60;
2 $ 10 � 2 + 50 = 70;
�1 $ 10 � �1 + 50 = 40;
�2 $ 10 � �2 + 50 = 30 etc.

Formula 10 shows that f(zy) = f(z). It means that the values of
the standardized scores are equal to the standardized scores in
T scale, and consequently in T1 scale. These values can be
calculated on the basis of formula 1, and for instance for the
standardized score 0:

f ð0Þ ¼ 1ffiffiffiffiffiffi
2p

p e�
1
20

2 ¼ 1ffiffiffiffiffiffi
2p

p e0 ¼ 0:3989 (11)

This is the highest value which was marked in Fig. 1. The
remaining values f(zy) = f(z) were collected in a chart in line
with formula 1. Table 1 shows some values, starting from the
highest, that is the standardized score 0 and value 0.3989. In
the last column T1 scale scores are presented. On the axis of
ordinates scores were calculated according to formula 1.

The goal of every therapeutic procedure consists in helping
as many patients as possible to achieve a good health
condition. That is why standardized scores were taken into
consideration, on the axis of abscissa z ≥ 0.16,17

As the standardized score +1 deviates from the mean
standardized score, i.e. zero (0), by +1 and �1, referring all the
scores to the critical value at the level of confidence coefficient
a = 0.05, which is: t0.05,1 = 1.96 (the value read from the charts
of Student's t-distribution), what follows was found:

zþ ¼ 1
1:96

� 0:5;

z� ¼ �1
1:96

� �0:5:
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These values in T1 scale in line with formula 9 are
respectively:

yþ ¼ 10 � 0:5 þ 50 ¼ 55
y� ¼ 10 � �0:5 þ 50 ¼ 45

Thus we arrived at the interval for positive and negative
scores (45–55). The interval for positive scores is (50–55), and
for negative scores (45–50).

The study employs the interval for positive scores referring
them to normal distribution. The closer the score in T1 scale to
50, the better the result of therapy. At the level of confidence
coefficient a = 0.05, with t0.05,1 = 1.96, the results of treatment
were differentiated, analogously to the previous pattern.

Thus:

z0:1 ¼ 0:1
1:96

� 0:05

z0:3 ¼ 0:3
1:96

� 0:15

z0:5 ¼ 0:5
1:96

� 0:25

The values in T1 scale are respectively:
y0:1 ¼ 10 � 0:05 þ 50 ¼ 50:5
y0:3 ¼ 10 � 0:15 þ 50 ¼ 51:5
y0:5 ¼ 10 � 0:25 þ 50 ¼ 52:5

Thus differentiated intervals for positive scores were
interpreted as follows: 50.0–50.5 as very certain scores;
50.5–51.5 as certain scores; 51.5–52.5 as average certain scores;
52.5–55.0 as correct scores.

In order to show the dynamics of long-term therapy the
best result of every patient (one to which 2 was attributed) was
evaluated. The results of clinical observations of every
component of the study in T1 scale in line with formula 9,
y = 10z + 50, are shown in Table 2. The score of the first
observation performed to evaluate social interaction (and
analogously all the remaining scores in patients in each of the
four kinds of tests) was arrived at as follows: the mean score of
the population is xm = 0.498 (formula 2), the standard deviation
s = 0.7793 (formula 4), and on the basis of formula 9

y ¼ 10 2�0:498
0:7793 þ 50 ¼ 69:27 – observation 1 performed to evalu-

ate social interaction (Table 2).

4. Results

The scores in Table 2 provide the following information:

1. In observation 1 for all the samples the score was beyond
the 50.0–55.0 interval.
Table 2 – The dynamics of therapeutic effects in children with

Observation Level of social
interaction

Spontaneous m
function

1 69.27 88.15 

2 62.33 70.97 

3 59.11 61.12 

4 54.12 56.07 

5 52.77 54.03 
2. The worst scores of observation 1, that is in the moment
when treatment was implemented, were found in children
with central coordination disorders in the evaluation of
spontaneous motor function (88.15) and in the evaluation of
postural responses according to Vojta (88.01).

3. The pace of changes in the scores in T1 scale for children
with central coordination disorders differed for each of the
assessed type of observations.

4. The expected interval 50.0–55.0 was achieved by the
patients in the fourth observation the soonest when it
comes to the evaluation of neurological responses (54.01)
and in the evaluation of social interaction (54.12).

On the basis of the aforementioned criteria, the best result
of the examination of neurological responses was determined
as averagely certain, while the best result of the examination
of spontaneous motor function, postural responses according
to Vojta and social interaction as correct.

5. Discussion

The fact that there were no statistical methods that would
allow the authors to analyse the dynamics of the therapeutic
process encouraged them to propose T1 scale.18–21 Meta-
analysis are often applied in articles in order to verify
effectiveness of therapy, which do not refer to therapeutical
decisions on particular investigation level.22 So far, in order to
measure the effects of long-term therapy various studies
applied x2 test, Student's t-distribution and even Spearman
correlation coefficient of Mann–Whitney test.19–22 Null hy-
pothesis (H0) was verified between the initial and final
results.23 This is a simplified method to analyse the results
since it does not account for the dynamics of the therapeutic
process. Effectiveness of the above mentioned statistical
methods depends on various factors indicated at the begin-
ning of a research.24–26 This lack have been eliminated in the
proposed T1 scale. It allows researchers to investigate the
therapeutic process of each patient. Thus, providing the
analysis of clinical results, one can express empirical results
through standardized results in T scale, and consequently T1

scale, which are positive scores that facilitate interpreting
changes that occur in the therapeutic process. Thus, when the
treatment is divided into stages it is possible to analyse the
dynamics of therapeutic effects in groups of patients and
determine levels of effectiveness as: very certain, certain,
satisfactory, and correct in the 50.0–55.0 interval. Thanks to T1

scale it is possible to observe when and at which pace general
criteria are met, that is when patients' results reached the
 central coordination disorders.

otor Postural responses
according to Vojta

Neurological
responses

88.01 67.08
67.92 61.11
63.31 56.47
56.42 54.01
53.55 52.21
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50.0–55.0 interval, and when the evaluated children reached
their optimal level of ability. The authors based their research
on the study by Guilford,4 which shows evaluating empirical
results in T scale through the result of accumulated propor-
tions referred to normal distribution. As a consequence,
Guilford eliminated negative standardized scores which were
difficult to interpret. It is an advantage of T1 scale that it
differentiates the population, which is confirmed in the
following statements: (1) the 'less often' the positive score
of clinical observations occurs in empirical studies, the higher
the score in T1 scale and the farther it is from the 50.0–55.0
interval, and (2) the 'more often' the positive score of clinical
observations occurs in empirical studies, the lower the score in
T1 scale and the closer it is to the 50.0–55.0 interval. It has been
established that if both conditions (1) and (2) are met, the
population of children with central coordination disorders is
differentiated in various degrees. T1 scale was applied to show
the dynamics of effects which occurred in the therapeutic
process. This scale precisely differentiates the population, that
is the higher the number of patients who show positive
treatment effects in subsequent observations, the closer to the
50.0–55.0 interval the scores in T1 scale. T1 scale was applied in
the present study to evaluate the dynamics of therapeutic
process in children with central coordination disorders.27

T1 scale meets the definition of a model as a collection of
simplifying assumptions which are related in a certain way. T1

scale is a mathematical model in line with the EBM require-
ments for evaluation of effects of long-term therapy.

6. Conclusions

1. The same values are attributed to the standardized scores
and the scores in T1 scale.

2. T1 scale makes it possible to assess the effectiveness of
treatment procedures.

3. T1 scale makes it possible to evaluate clinical observations
in the course of treatment in a precise manner in line with
EBM.
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