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ABSTRACT
Objectives: The aim of the study was to present the results of time-lapse observation and to verify whether morphokinetic 
parameters are associated with embryo developmental and implantation potential.

Material and methods: The analysed data concern the development of 1,060 embryos, 898 of which (84.72%) achieved 
the blastocyst stage and 307 were transferred into the uterine cavity. As a result, 126 (41.04%) biochemical pregnancies 
and 109 (35.50%) clinical pregnancies were observed. Time from fertilisation to further divisions into 2–9 blastomeres, first 
to fourth round of cleavage, second to third synchronisation parameters and the duration of stages after the first, second 
and third division were analysed.

Results: Most of the parameters in the group of embryos developed to the blastocyst stage reached lower values than in 
the non-developed group. Moreover, parameters in the first group clearly had less dispersion. The differences between 
the groups with and without a biochemical pregnancy were smaller than the differences in the analysis of development 
to the blastocyst stage. However, in the case of clinical pregnancy analysis, there were again larger differences between 
both groups. A strong correlation was found between the majority of absolute morphokinetic parameters. A weaker, but 
still statistically significant correlation, was established between relative and other parameters.

Conclusions: Morphokinetic parameters are associated with embryo developmental and implantation potential and can be 
considered as predictors of their quality. However, the development of efficient pregnancy prediction models needs further 
research utilising information from all available parameters and using advanced biostatistical methods.
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INTRODUCTION
It is estimated that in today’s society more than 10% 

of couples suffer from infertility [1]. Social, genetic and en-
vironmental factors are responsible for this situation. For 
some couples facing infertility the only real possibility of 
conception and a successful delivery is provided by assisted 
reproductive techniques (ART). More than three decades 

have passed since the birth of the first child conceived using 
the in vitro fertilisation (IVF) method. Tremendous progress 
has been made regarding this method, the protocols and 
media composition, which has brought a vast improvement 
in the effectiveness of the treatment. Currently, the success 
rate of ART stands at approximately 40%, which means 
that it is higher than the success rate of natural conception 
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[2]. Despite the progress and wide availability of infertility 
treatment using IVF many issues remain unresolved and 
unexplained. Consequently, further improvements to in-
crease treatment efficacy and effectiveness are difficult 
to achieve. One of the key problems is the difficulty with 
the precise evaluation of the developmental potential of 
embryos obtained after in vitro fertilisation. Therefore, em-
bryos of unknown implantation potential are frequently 
transferred. Pregnancy rates can be significantly improved 
by transferring a greater number of embryos, but this may 
produce an undesirable increase in the incidence of multi-
ple pregnancies and related gynecological complications.

It is therefore crucial to develop new, non-invasive bio-
markers of embryo developmental potential other than those 
based on morphological criteria. This would increase the 
effectiveness of IVF treatment using only single embryo 
transfers. Recent reports indicate that time-lapse imaging 
can play an important role in this process [3]. This technique 
offers the possibility of continuous observation of embryo 
development, providing a new method for more sensitive 
and precise data collection. Associations between specific 
morphokinetic events and embryo developmental and im-
plantation potential have been identified, suggesting that this 
information may improve embryo selection for transfer [4].

OBJECTIVES
The aim of this study was to present the results of 

time-lapse observation and to verify whether morphokinetic 
parameters are associated with embryo developmental and 
implantation potential.

MATERIAL AND METHODS
Types of morphokinetic parameters are presented in 

Table 1. They are divided into two groups: absolute — those 
which measure the time from insemination (t0) and relative 
— the distance between two time-points in the embryo 
development. The latter have their biological interpretation 
(for example duration of the n-th round of cleavage or differ-
ence between the first and the last cleavage in a round) [5, 6].

A retrospective study was carried out using data col-
lected in the Centre for Reproductive Medicine Kriobank in 
Bialystok, Poland, between June 2012 and April 2015. Em-
bryos obtained from oocytes collected after stimulation of 
multiple ovulation were fertilised by the intracytoplasmic 
sperm injection (ICSI) and placed in one of the twelve wells 
of a special culture dish for the time-lapse process, each 
containing a culture medium droplet of 20 µl of Quinn’s 
Advantage Protein Plus Cleavage Medium (SAGE, USA). The 
drops were covered with mineral oil (SAGE, USA) in order 
to prevent changes in fluid osmolarity. The embryos were 
incubated at the temperature of 37.0ºC, CO2 concentration 
of 5.0% and decreased O2 concentration of 5.0%. Images 

of each embryo were acquired every 7 minutes at five dif-
ferent focal planes.

The data concerning the development of 1,060 em-
bryos to stage t9 were analysed. Out of the total number of 
embryos, 898 (84.72%) achieved the blastocyst stage, from 
which 307 were transferred into the uterine cavity. Only 
embryos from the single embryo transfer (SET) or embryos 
from the double transfer with no pregnancy were included 
in the analysis. Cases of a double transfer with a singular 
pregnancy were excluded from analysis due to the fact 
that it is impossible to identify which embryo implanted. 
As a result, 126 (41.04%) biochemical pregnancies were 
observed, 109 (35.50%) of which developed into clinical 
pregnancies. We analysed parameters t2 to t9, the first to 
fourth round of cleavage, the second to third synchroniza-
tion parameters and the duration of stages after the first, 
second and third division.

All absolute morphokinetic parameters and a majority 
of relative parameters are non-monotonic since very low 

Table 1. Morphokinetic parameters

Parameter Formula Definition

t0 time of insemination

tPB2 time from insemination to appearance  
of second polar body

tPNa time from insemination to pronuclei 
appearance

tPNf time from insemination to pronuclei fading

t2–t9 times from insemination to corresponding 
divisions (two to nine)

tM time from insemination to compacting 
into the morula stage

tSB time from insemination to start of 
blastulation

tB time from insemination to blastocyst 
formation complete

tEB time from insemination to expanded 
blastocyst

tHB time from insemination to hatched 
blastocyst

cc1 t2–t0 the first round of cleavage, equal to t2

cc2 t3–t2 the second round of cleavage

cc3 t5–t3 the third round of cleavage

cc4 t9–t5 the fourth round of cleavage

s1 t2–t2 the first synchronisation parameter, always 
equal to zero, parameter not used

s2 t4–t3 the second synchronisation parameter

s3 t8–t5 the third synchronisation parameter

t2_int t3–t2 the stage after first division, equal to cc2

t4_int t5–t4 the stage after second division

t8_int t9–t8 the stage after third division
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as well as very high values are not accurate predictors of 
embryo developmental potential. Therefore, a direct com-
parison of their values using statistical difference tests is 
not useful. A suitable transformation which can convert 
non-monotonic parameters into their monotonic forms is 
needed for further analysis. Milewski et al. presented a hy-
pothesis that the values of the parameter most favourable 
to the highest reproductive potential will be close to the 
median value in the “positive outcome” group of embryos 
[7, 8]. Therefore, the median value in the groups of embryos 
developed to the blastocyst stage, a biochemical and a clini-
cal pregnancy was estimated (Tab. 2).

Following that, the non-monotonic parameters were 
transformed by determining their distance from the median:

 
tmed = | t – Median(t) |
 
which enabled the performance of a comparative 

analysis between groups determined on the basis of the 
development to the blastocyst stage, a biochemical and 
a clinical pregnancy. Since only synchronisation parameters 
are monotonic (the zero value means full synchronisation 
of divisions, a higher value means greater asynchrony), they 
do not need any transformation.

Statistical analysis of the normality distribution was 
verified by the Kolmogorov-Smirnov test with the Lilliefors’ 
amendment and the Shapiro-Wilk test. The quantitative vari-
ables did not follow normal distribution. The non-parametric 
U Mann-Whitney test was used to compare the values of the 
analysed parameters between the two groups. The Spear-
man rank-order correlation coefficient was determined in 
order to estimate the correlation between the analysed 
parameters. Statistical significance was determined at the 

p < 0.05 level. The Statistica 12.0 software (StatSoft, Tulsa, 
OK, USA) was used in statistical analysis.

RESULTS
Distributions of absolute morphokinetic parameters in 

the groups of embryos developed and non-developed to the 
blastocyst stage are shown in Figure 1. Most of the parameters 
in the group of embryos developed to the blastocyst stage 
have lower values than those in the group of embryos which 
did not reach this stage. Furthermore, the parameters in the 
first group clearly show a smaller dispersion.

Figure 2 shows the distribution of absolute morphoki-
netic parameters with respect to biochemical pregnancy. 
The differences between both groups are not as consider-
able as those shown in the analysis of embryo development 
to the blastocyst stage. Lower values of parameters in the 
biochemical pregnancy group are evident only for param-
eters t5 and higher. Moreover, differences in parameter 

Table 2. Medians in the “positive outcome” groups

Parameter Development to the blastocyst stage
(n = 898)

Biochemical pregnancy
(n = 126)

Clinical pregnancy 
(n = 109)

t2 26.70 26.51 26.56

t3 37.58 36.90 36.94

t4 38.89 38.67 38.77

t5 51.64 50.67 50.85

t6 52.97 51.38 51.39

t7 55.06 53.74 53.67

t8 60.43 58.10 58.25

t9 76.16 75.22 75.21

cc2 10.96 10.89 10.98

cc3 13.73 13.43 13.43

cc4 24.03 23.87 23.70

t4_int 12.49 12.32 12.35

t8_int 14.96 16.25 16.36
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quartiles and non-outlier range)
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dispersion between the two groups are much lower than in 
the analysis of embryos developed and non-developed to 
the blastocyst stage. Minimal differences are observed only 
for the last parameters.

A similar observation was made in the clinical pregnancy 
analysis. However, marginally larger differences in parameter 
distribution were observed between both groups in com-
parison to a biochemical pregnancy (Fig. 3).

The morphokinetic parameters transformed into the form 
of a distance from a median (s2 and s3 did not require transfor-
mation) were compared in terms of the development to the 
blastocyst stage (Tab. 3). In all cases, the values in the group of 
embryos developed to the blastocyst stage were closer to zero 
in comparison with the group of undeveloped embryos. More-
over, the differences between both groups increased with 
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Figure 2. Distribution of morphokinetic parameters with respect to 
biochemical pregnancy (median, quartiles and non-outlier range)
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Figure 3. Distribution of morphokinetic parameters with respect to 
clinical pregnancy (median, quartiles and non-outlier range)

Table 3. Comparison of embryos developed and not developed to the blastocyst stage

Parameter
Embryos developed to the blastocyst stage

(n = 898)
Embryos not developed to the blastocyst stage

(n = 162) p-value

Min Q1 Me Q3 Max Min Q1 Me Q3 Max

t2med 0.00 1.02 2.04 3.59 77.98 0.03 1.00 2.29 4.06 76.93 0.27

t3med 0.01 1.31 2.60 4.36 77.82 0.03 1.33 2.85 6.11 76.45 0.04

t4med 0.01 1.39 2.67 4.56 77.33 0.02 1.39 3.13 6.12 75.96 0.02

t5med 0.01 1.78 3.78 6.35 77.89 0.06 2.04 4.33 10.45 64.92 0.0007

t6med 0.00 1.93 3.95 6.39 77.74 0.03 2.21 5.08 10.20 79.73 0.0002

t7med 0.01 2.06 4.61 7.98 76.23 0.03 2.52 6.47 12.85 78.22 0.0002

t8med 0.05 3.73 7.63 12.26 71.45 0.08 4.55 10.42 18.22 76.24 0.0001

t9med 0.01 2.65 5.62 10.01 77.62 0.15 5.04 10.31 16.91 88.86 < 0.0001

cc2med 0.01 0.48 0.95 1.70 10.37 0.01 0.66 1.46 2.82 17.14 < 0.0001

cc3med 0.01 0.70 1.49 2.62 19.49 0.01 0.88 2.18 4.49 18.14 <0.0001

cc4med 0.03 1.50 3.18 5.92 26.01 0.21 3.38 6.29 13.05 36.21 < 0.0001

s2 0.00 0.47 0.94 1.75 17.91 0.00 0.35 1.06 1.99 12.08 0.85

s3 0.00 3.28 7.18 19.03 42.45 0.35 4.79 14.08 23.34 52.41 < 0.0001

t4intmed 0.00 0.75 1.58 2.98 15.85 0.05 1.25 2.46 6.25 18.08 < 0.0001

t8intmed 0.01 3.40 6.48 10.76 16.43 0.06 3.66 7.83 11.45 22.38 0.15

time. The difference between the values of t2med parameter 
was not yet statistically significant, but for other parameters 
(t3med upwards) the differences became significant, achieving 
a greater significance for consecutive parameters. The medians 
of the t9med parameter were as follows: in the group of em-
bryos developed to the blastocysts stage Me = 5.62 (Q1 = 2.65, 
Q3 = 10.01) and in the group of embryos that did not develop 
to the blastocyst stage: Me = 10.31 (Q1 = 5.04, Q3 = 16.91). 
The median value for the second group of embryos was up to 
83.5% higher than in the first group.

The comparison of parameters between the groups with 
and without a biochemical pregnancy revealed differences 
which were far less statistically significant (Tab. 4). Although 
in most cases values in the biochemical pregnancy group 
were lower than in the group without pregnancy, statistically 
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significant differences concerned only the three parameters 
associated with subsequent divisions: t9med, cc4med and 
t8intmed. The median values for these parameters in the 
group without a biochemical pregnancy were higher by 
27.6%, 42.7% and 53.4%, respectively.

The comparative analyses conducted between the 
groups with and without a clinical pregnancy confirmed 
the existence of statistically significant differences for the 

aforementioned three parameters, and additionally dem-
onstrated significant differences for the subsequent three 
parameters: t4med, t6med, cc3med (Tab. 5). Furthermore, the 
next four parameters approached the threshold of statisti-
cal significance, reaching p-value below 0.1 level (t3med, 
t5med, s3 and t4intmed). The biggest differences between the 
groups were found for the following parameters: cc3med, 
t8intmed and cc4med where the medians in the group without 

Table 4. Comparison of embryos with respect to biochemical pregnancy

Parameter
Biochemical pregnancy

(n = 126)
Lack of biochemical pregnancy

(n = 181) p-value

Min Q1 Me Q3 Max Min Q1 Me Q3 Max

t2med 0.01 0.98 2.05 3.19 78.18 0.03 1.09 2.24 3.64 10.90 0.46

t3med 0.01 1.16 2.32 3.91 78.51 0.01 1.27 2.49 4.52 13.34 0.24

t4med 0.03 1.09 2.36 4.34 77.55 0.06 1.46 2.70 4.26 14.49 0.17

t5med 0.19 1.68 3.62 4.96 78.87 0.10 2.12 3.57 5.94 23.55 0.24

t6med 0.02 1.62 3.78 5.41 79.34 0.05 1.96 3.97 6.56 27.02 0.08

t7med 0.07 2.03 4.23 6.34 77.56 0.02 2.33 4.31 7.71 27.49 0.33

t8med 0.15 3.27 6.73 10.45 73.78 0.01 2.80 6.20 12.30 40.60 0.91

t9med 0.01 2.25 4.85 8.44 78.56 0.10 3.38 6.19 10.59 41.36 0.006

cc2med 0.01 0.45 1.03 1.61 9.03 0.02 0.45 0.91 1.77 10.30 0.99

cc3med 0.00 0.47 1.05 2.21 11.30 0.00 0.59 1.57 2.53 12.44 0.08

cc4med 0.01 1.01 2.62 5.05 25.55 0.05 1.94 3.74 6.80 36.44 0.0003

s2 0.00 0.58 0.94 1.75 10.39 0.00 0.58 0.94 1.75 14.64 0.78

s3 0.00 3.06 5.17 17.42 27.28 0.00 3.30 7.47 18.58 41.15 0.14

t4intmed 0.03 0.65 1.32 2.64 11.95 0.01 0.68 1.58 2.91 11.24 0.19

t8intmed 0.08 2.78 4.57 8.30 15.42 0.02 3.43 7.01 11.68 16.27 0.007

Table 5. Comparison of embryos with respect to clinical pregnancy

Parameter
Clinical pregnancy

(n = 109)
Lack of clinical pregnancy

(n = 198) p-value

Min Q1 Me Q3 Max Min Q1 Me Q3 Max

t2med 0.00 0.92 1.98 3.18 78.12 0.01 1.12 2.23 3.62 10.84 0.25

t3med 0.00 1.08 1.99 3.56 78.46 0.02 1.31 2.53 4.54 13.38 0.07

t4med 0.00 1.10 2.24 3.96 77.45 0.00 1.49 2.77 4.46 14.39 0.05

t5med 0.00 1.65 3.55 4.75 78.68 0.02 2.31 3.55 6.18 23.36 0.09

t6med 0.00 1.59 3.65 5.01 79.32 0.06 1.94 4.04 6.54 27.00 0.03

t7med 0.00 1.94 4.21 6.29 77.62 0.05 2.39 4.25 7.64 27.55 0.29

t8med 0.00 3.42 6.74 9.96 73.63 0.08 2.76 6.43 12.35 40.45 0.70

t9med 0.00 2.21 4.74 8.08 78.56 0.10 3.33 6.37 10.43 41.36 0.005

cc2med 0.00 0.46 0.93 1.52 8.64 0.00 0.46 0.82 1.78 10.39 0.71

cc3med 0.00 0.46 1.01 1.93 11.30 0.00 0.59 1.57 2.64 12.44 0.02

cc4med 0.00 1.05 2.57 4.88 25.71 0.11 1.95 3.84 6.76 36.60 0.0005

s2 0.00 0.58 0.93 1.75 10.39 0.00 0.58 0.94 1.75 14.64 0.88

s3 0.00 3.04 5.14 16.82 27.28 0.00 3.38 7.48 18.69 41.15 0.09

t4intmed 0.00 0.63 1.27 2.47 11.92 0.04 0.68 1.61 2.98 11.27 0.06

t8intmed 0.00 2.66 4.43 7.96 15.53 0.01 3.52 6.75 11.57 16.24 0.008
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clinical pregnancy were higher by 55.4%, 52.4% and 49.4%, 
respectively.

Correlation analysis was performed in order to check the 
multicollinearity of morphokinetic parameters. Table 6 con-
tains Spearman correlation coefficients calculated for all 
pairs of the analysed parameters. Statistically significant 
correlations were found in almost all the cases. The cor-
relations were not statistically significant only for five pairs, 
where parameters were related to distant points of time. The 
strongest correlations were found for phenomena which 
occurred at close time points. A strong or very strong cor-
relation was established between the majority of absolute 
morphokinetic parameters. The strongest correlation was 
observed between parameters t5med and t6med and t6med 
and t7med (R = 0.85 and R = 0.80, respectively).

DISCUSSION
Time-lapse techniques have opened a new chapter in 

embryo quality assessment. Analyses of the early stages of 
embryo development have revealed a relationship between 
embryo quality, its developmental potential and morphoki-
netic parameters. The pattern of the exact times of the first 
few cleavages can be regarded as a predictor of blastocyst 
stage achievement. The best quality embryos behave in 
a similar way, which indicates that the sequence of events is 
highly regulated. Any aberration, such as a delay in the initial 
divisions or their asynchrony, indicates a decreased chance 
of an embryo’s development to blastocyst [9].

Our data show that the timing of further divisions cor-
relates more strongly with blastocyst development than the 
timing of the first divisions (Tab. 3). The differences in the 
first and second division times between groups of embryos 
which achieved and those which did not achieve the blas-
tocyst stage are not statistically significant whereas all the 
remaining division times (third and subsequent) differ sig-
nificantly between the groups. It appears that poor quality 
embryos cumulate the delay during their growth instead of 
restoring the proper pattern of morphokinetic events. This 
may indicate that the sequence of events is determined 
from the outset but abnormalities can occur at different 
stages of development.

A comprehensive analysis of a broad range of features, 
rather than an analysis of individual parameters, can pro-
vide more in-depth information concerning embryo quality 
and their developmental potential. Analysis of relative time 
ratios, time intervals and cleavage synchrony has permitted 
the development of highly accurate predictive models of 
blastocyst formation. Cetinkaya et al. proved in their study 
that relative timings — cleavage synchronicity from 4 to 
8 cells as well as from 2 to 8 cells — have a higher power of 
prediction of blastocyst stage development than absolute 
time points [10]. Furthermore, they noted that values of the 
analysed parameters may depend on the conditions present 
in IVF units. Therefore, it is necessary to adjust the model to 
meet the clinic’s specific conditions.

The identification of the best quality embryos with the 
highest blastocyst formation potential could allow the uter-

Table 6. Correlations between morphokinetic parameters (Spearman R coefficients)

t3med t4med t5med t6med t7med t8med t9med cc2med cc3med cc4med s2 s3 t4intmed t8intmed

t2med 0.63 0.64 0.50 0.48 0.39 0.21 0.27 0.11 0.15 NS 0.08 0.07 0.09 NS

t3med 0.77 0.76 0.69 0.54 0.24 0.39 0.38 0.27 0.09 0.14 0.13 0.22 0.06

t4med 0.66 0.64 0.59 0.33 0.37 0.31 0.23 0.10 0.14 0.12 0.16 NS

t5med 0.85 0.68 0.31 0.56 0.38 0.57 0.18 0.10 0.16 0.47 0.09

t6med 0.80 0.41 0.54 0.35 0.52 0.17 0.11 0.22 0.40 0.10

t7med 0.58 0.52 0.28 0.44 0.20 0.12 0.31 0.33 0.13

t8med 0.38 0.15 0.26 0.20 NS 0.58 0.20 0.35

t9med 0.28 0.49 0.55 0.11 0.20 0.42 0.18

cc2med 0.28 0.15 0.14 0.15 0.23 0.06

cc3med 0.28 0.10 0.22 0.72 0.10

cc4med 0.10 0.23 0.28 0.20

s2 0.15 0.13 NS

s3 0.24 0.47

t4intmed 0.13

Weak correlation Strong correlation

Moderate correlation Very strong correlation
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ine transfer of embryos in the second or third day of their 
life, before they achieve the blastocyst stage [7]. Elimina-
tion of the prolonged in vitro culturing may be beneficial, 
e.g. for reducing the risk of potential pregnancy complica-
tions. However, as pregnancy is the ultimate indicator of 
infertility treatment success, the most important issue is to 
identify embryos with the highest implantation potential. 
A comparison of the early stages of development between 
implanted and not implanted embryos has revealed that 
some morphokinetic parameters can differentiate these 
groups. The implanted embryos are characterised by an ear-
lier appearance of nuclei in the first blastomere after the 
first cleavage and nucleus appearance in the first two blas-
tomeres is more synchronised [11].

Pregnancy may be predicted more accurately with the 
application of models which combine static evaluation of 
embryo morphology and dynamic morphokinetic param-
eters. Meseguer et al. presented such a model with a hierar-
chical structure [12]. The researchers proved that selecting 
embryos using time-lapse categorisation was more effective 
for predicting implantation than using merely morpho-
logical categorisation. According to the proposed model, 
the analysed morphokinetic parameters have an optimal 
range and both lower and higher values indicate decreased 
implantation potential. It does not relate only to cleavage 
synchronisation, where any asynchrony is an unwanted phe-
nomenon. Unfortunately, the high quality of the suggested 
model was not confirmed by further studies but the concept 
put forward by Meseguer et al. has not been negated [13]. 
It has been suggested that the lower prediction power of 
the selection algorithm created by Meseguer et al. may be 
a result of differing conditions present in different IVF units.

A similar approach to implantation modelling was em-
ployed by Aguilar et al. [14]. The authors determined the 
optimal ranges of morphokinetic parameters and used the 
values outside of these ranges as indicators of reduced im-
plantation potential. The proper timing of the second polar 
body extrusion, the first and second pronucleus appearance, 
abuttal and fading were linked to embryo implantation 
potential. The logistic regression method was utilised to 
create the predictor of implantation, but following the ROC 
analysis, the area under the ROC curve (AUC) was equal to 
only 0.605.

The models presented above prove the usefulness of 
information included in time-lapse data in predicting preg-
nancy. However, there are some problems that may limit 
prediction accuracy. One of them is connected with the 
fact that transferred embryos are naturally limited only to 
those which are characterised by the most optimal values of 
morphokinetic parameters. Therefore, differences between 
them are smaller and the prediction process must be less 
effective in comparison to the prediction of development to 

the blastocyst stage. Our analysis indicates that later events 
differentiate implanted and non-implanted embryos more 
clearly. Statistically significant differences between groups 
of embryos with and without a biochemical pregnancy were 
found for t9med, cc4med and t8intmed parameters (Tab.  4). 
The situation was slightly different when a clinical preg-
nancy was analysed. In that case, besides the three variables 
mentioned above, we found statistically significant differ-
ences for three other parameters: t4med, t6med and cc3med 
(Tab. 5). Moreover, parameters t3med, t5med, s3 and t4intmed 
showed differences at a level slightly above the threshold 
for statistical significance. A clinical pregnancy is reported 
later than a biochemical pregnancy, when more time has 
passed since implantation. During that time the interaction 
between the embryo and the endometrium may begin to 
exert ‘selection pressure’, which may lead to the natural abor-
tion of lower quality embryos. Only highest grade embryos 
can survive for a sufficiently long period following implanta-
tion to give the clinical symptoms of pregnancy. Therefore, 
differentiation criteria in this case are easier to observe.

All morphokinetic parameters are strongly correlated to 
one another (Tab. 6). This fact can be considered a technical 
problem because the majority of statistical methods (e.g. the 
logistic regression method) require an assumption that only 
uncorrelated, independent variables can be incorporated 
into the model. However, this problem can be combated 
with the use of advanced data mining techniques such 
as principal component analysis (PCA) which transforms 
correlated variables into uncorrelated principal compo-
nents. They bring the same information as the primary vari-
ables and can be analysed using e.g. the logistic regression 
method [15]. On the other hand, the correlations between 
morphokinetic parameters are not a surprising phenom-
enon and indicate the existence of a certain cleavage pat-
tern. The strongest correlation is observed for parameters 
which occur in short time intervals, for example t5med and 
t6med (R = 0.85). It is obvious that the emergence of some 
abnormalities in embryo development influences subse-
quent events. The ensuing cleavages are related to each 
other and any deviation from the norm cannot be repaired 
immediately by the restoration of a normal pattern of further 
divisions. Similar, strong correlations are observed between 
relative and absolute morphokinetic parameters, especially 
if they occur at short time intervals. Only distant event cor-
relations (for example t2med and t8intmed) show no statistical 
significance.

Previous studies have demonstrated that incorporat-
ing morphological data normally used for embryo quality 
assessment considerably increases the predictive power of 
the created models. Further improvement can probably be 
effected by establishing more subtle relationships between 
parameters of different origin, not only morphological or 
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morphokinetic, but possibly those from disparate disciplines 
such as genomics, proteomics or metabolomics. Data min-
ing and artificial intelligence methods could meet this chal-
lenge and allow for the creation of comprehensive models 
of very strong predictive power.

CONCLUSIONS
Morphokinetic parameters are associated with embryo 

developmental and implantation potential and can be con-
sidered possible predictors of their quality. Their predictive 
power is greater when development to the blastocyst stage 
is analysed and slightly lower when a clinical pregnancy is 
predicted. The weakest association appears to exist between 
a biochemical pregnancy and morphokinetic data probably 
due to the fact that optimum conditions, which are sufficient 
for the implantation of even the weakest embryos, can be 
created. However, the implanted embryos’ quality is verified 
at a later stage in the process of clinical pregnancy devel-
opment. The determination of effective predictors cannot 
be limited to models based on singular parameters. The 
creation of more comprehensive models based on complex 
relationships between parameters will be far more beneficial 
to the pregnancy prediction process. Undoubtedly, a special 
role in complex model development can be played by data 
mining methods and artificial intelligence techniques, which 
may permit the extraction of information hidden in a large 
number of correlated parameters.

Morphokinetic parameters contain new information and 
can be used in the process of embryo developmental and 
implantation potential assessment. However, the creation of 
efficient pregnancy prediction models needs further studies 

which will be based on information included in all available 
parameters and utilise advanced biostatistical methods.
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