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Headline

Methodology. Prior to data collected, players were familiarised
with the protocol of each physical test. The physical testing
battery was conducted in the present order and included (after
appropriate warm-up):
Counter movement jump (CMJ) for the analysis of lower
limb strength. Characteristics of the CMJ were determined
using a force platform (Quattro Jump, Type 9290AD, Kistler
Instrument AG, Winterthur, Switzerland) and analysed using professional motion analysis software (Contemplas Bewegungsanalyse, Contemplas Gmbh, Kempten, Germany).
Jump height was determined as the centre of mass displacement, calculated from the recorded force and body mass. The
mean of the best three jumps was used for the subsequent
analyses.
3 x 30 m to measure sprinting capabilities. Splits were set at
5 m, 10 m and 30 m and measured by infra-red single beamed
light gates (Brower Timing System, Utah, USA), with a standard error of measurement of 0.03 s (3). Players had two mins
of recovery and then repeated the test for three trials, with
the mean of all three 30 m sprints used for analysis.
4 x 5 m change of direction test was performed, similarly
to that described by Sporis et al (4). At the start and finish,
light gates (Brower Timing System, Utah, USA) were erected
and used to assess total time to complete the course. Three
trials were conducted with two minutes of passive recovery
interspersed, the mean of all three trials was used for analysis.
Finally, the Yo-Yo Intermittent Endurance Test level 2
(YYIET2) was conducted to measure sport-specific endurance
capacity. The test was performed outdoors on artificial turf
similarly described by Bangsbo et al (5). Total distance of
completed shuttles was recorded as the test result. HR (≥
220 – age (years)) and RPE were used as objective criteria of
exhaustion (6) to be included into final analysis.
Prior to the physical tests at all three time points over the
season, venous blood sampling was obtained from the antecubital vein, following 10-15 min of rest in the supine position.
Blood samples were transported immediately to the laboratory
for appropriate procedures. Serum tubes were centrifuged at
4000 revolutions per min for 5 min, aliquoted and then stored
frozen at -80°C within 2 h of sampling. Creatine kinase (CK),
urea and C-Reactive Proteins were measured using a Unicel
DxC600 synchron clinical system (Beckmann Coulter GmbH,
Krefeld, Germany). Erythrocytes and Haemoglobin was determined automatically by an ACT 5 Diff AL (Beckmann Coulter GmbH, Krefeld, Germany). Ferritin was analysed using
an Access 2 Immunoassay system (Beckmann Coulter GmbH,
Krefeld, Germany).
Data were collected in the early evening (prior to and during normal training sessions). All measures were conducted
outside on artificial turf under neutral weather conditions. If
weather was deemed unsuitable or at risk of influencing results, or players’ welfare, (e.g. any form of rain) the test was
either cancelled or if possible, re-scheduled.

T

he number of female footballers continues to expand, suggested by record numbers of players being registered. Of
these players, the non-professional footballer encompasses a
large volume of the overall community. There seems to exists
a relationship between training status (levels of fitness), competitive standard and physical performance (1, 2). However,
comprehensive information describing the physical capacities
across an array of competitive standards in female football is
still lacking. Though the capacities of the non-professional
player have been highlighted in single bouts of testing, it remains relatively unknown whether changes in physical fitness
occur over the course of a season. Moreover, continued physical exposure through training and matches, may affect certain
blood-borne parameters, such as iron levels, which in turn
may affect the physical performance and/or health status of a
player. Therefore, coaches and practitioners at the non-elite
level (who might not have the opportunity for extensive monitoring) may use this information to help training and create
a frame work for testing and monitoring the female footballer.

Aim of the paper
The aim was to observe the changes in physical performance
and fitness-relevant blood-borne variables of non-professional
female footballers using repeated measures within a football
season.

Methods
Design. The study utilised an observational longitudinal design. Whereby, the players underwent a series of physical tests
and provided blood samples on the following three time points
across the season; pre-season (early August) (M1), beginning
of the competitive season (early October) (M2) and end of
season (late May/early June) (M3). The pre-season period
consisted of 8-weeks training, three times per week. All M2
measurements were conducted within four weeks from the first
official game, during this period players trained three times a
week and had one official match. Finally, M3 was conducted
during the final three weeks of the 22-game season.
Subjects. Thirty-six non-professional female footballers (19 ±
2 y, 164 ± 5 cm, 80 ± 8 kg) competing in the second FrauenBundesliga, Germany, participated in the study. Only outfield
players were considered for the final analysis and participated
in all testing periods over the season. Participants were fully
informed of all experimental procedures before giving their informed consent to participate. If players were younger than 18
years of age, parental consent was obtained. The current study
was conducted in accordance with the declaration of Helsinki
and approved by the local ethics committee (Aerztekammer
des Saarlandes, approval number 130/14).
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Fig. 1.

Fig. 2.
Statistical analysis. The mean ± SD were calculated for each
of the three time points across the season. Cohens d effect
sizes (ES) were calculated with 90% confidence intervals (CI)
and interpreted as; trivial (<0.2), small (>0.2-0.6), moderate
(>0.6 – 1.2), large (>1.2 – 2.0), very large (>2.0) (7).

male footballers. Among the main findings of the study were
that small improvements in YYIET2 distance, 30 m sprint
time, and COD completion time from pre-season to the start
of the competitive season. However, as the season progressed
YYIET2 performance declined again, whereas the other physical parameters remained stable across the season. The secondary aim of the study was to detect changes in selected
haematological variables. Results indicated that there were
moderate to small changes in CK, Ferritin and Erythrocytes
from M1 to M2 with a considerable number of players showing
indications for iron deficiency.
The results of the current study are in line with previous
observations (8, 9). Physical performance was observed to increase during pre-seasonal period, which is often designed to
increase physical capacities for the upcoming season whilst,
small decreases in physical performance were apparent as the
season progressed. Moreover, there are large interindividual
differences at each time point and intra-individually over the
course of the season (illustrated in figure 3). There are several

Results
All physical and blood-borne variables over the three measurement timepoints can be observed in tables 1 and 2, respectively. The course and magnitude of the change can be
observed in figures 1 and 2 for physical and blood-borne variables, respectively.

Discussion
The primary objective of the study was to describe the changes
in physical performance within a season of non-professional fe-
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Table 1. Physical variables and the within season changes across all timepoints. Data is represented as means ± standard
deviations.
Variable
M1
M2
M3
CMJ (cm)
0-30 m sprint (s)
COD (s)
YYIET2 (m)

31.3 ± 3.1
4.8 ± 0.2
6.0 ± 0.3
752.2 ± 233.2

31.6 ± 3.0
4.7 ± 0.1
5.9 ± 0.3
873.3 ± 251.99

32.0 ± 3.5
4.8 ± 0.1
5.9 ± 0.3
779.7 ± 234.1

Note: CMJ = Counter movement jump; COD = Change of direction; YYIET2 = Yo-Yo intermittent
endurance test level 2. M1 = Pre-season, M2 = In-season, M3 = End of season.

Table 2. Blood variables and the within season changes across all timepoints. Data is presented as means ± standard
deviations.
Variable
M1
M2
M3
Creatine kinase (U/L)
Urea (mg/dl)
Erythrocytes (Mio/µ)
Ferritin (ng/ml)
Haemoglobin (g/dl)
C-Reactive Protein (mg/l)

194.3 ± 87.7
29.4 ± 6.2
4.5 ± 0.2
32.5 ± 14.9
13.6 ± 1.3
1.2 ± 2.9

256.5 ± 118.2
28.4 ± 9.0
4.4 ± 0.3
26.7 ± 13.6
13.7 ± 1.0
0.9 ± 1.6

205.7 ± 118.8
29.1 ± 6.0
4.5 ± 0.2
30.4 ± 14.8
13.5 ± 0.9
1.0 ± 1.6

Note: M1 = Pre-season, M2 = In-season, M3 = End of season.

be recommended that basic testing, with limited “necessary”
equipment (such as Yo-Yo testing) is implemented more regularly to help respond to the needs-analysis for effective training
in non-professional populations.
The current selection of blood-borne markers has been suggested to provide an overview of the physical state of a footballer (12). When evaluating, it is imperative to understand
the magnitude of the change and understand what is beyond a
‘normal’ change. Therefore, these findings can provide a larger
pool of information for baseline and within-season changes for
the non-professional female footballer. It should be noted,
that large variations within and between individuals are observed, even when experiencing a similar training stimulus
(13). As such, when possible, consistent testing of each individual is warranted to ensure the physical state can be maintained throughout the season.
Interestingly, on the group level the results indicated that
there were small (d = 0.38) changes in ferritin from M1 to
M2. Reduced levels of ferritin have been linked to negatively

factors which might cause these changes in physical performance. Oftentimes non-professional female soccer teams have
an inability to effectively monitor training, with financial constraints, suboptimal education level of coach/practitioners and
limited availability of staff leading to such insufficiencies. As
such, inadequate training stimulus might be imposed upon the
players or a monotonous training routine, which loses its ability to maintain a peak level of physical performance (10). Relatively low values for CK (indicator of microdamage to muscle
fibres) and urea (indicator for metabolic load) seem to be in
favour of this interpretation. This neglect on physical loading
could in part, be due to the shift in focus towards the tactical
element and preparation for games. Moreover, due to playing
weekly matches, alongside other obligations (work, studies)
this may possess an issue to ensure that satisfactory levels of
physical load can be transferred onto the player to maintain
physical performance. Recent monitoring frameworks suggest
that a lack of loading may not only affect physiological parameters, but potentially leads to a lack in biomechanical load
which may in turn increase injury risk (11). As such, it could

Fig. 3.
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affecting physical performance (14) and health of the female
athlete (15). However, this tendency was not observed in the
raw values of change in this population. On the group level,
the findings suggest that mean values were not beyond the
standardised “normal” ranges of ferritin (22 – 120 ng/ml),
however, there was a relevant number of players (n = 17%)
with suboptimal values albeit without over anaemia (Figure
4). This proposes the need for more consistent monitoring to
identify those that are at potential risk and thus one can effectively intervene by giving dietary advice or supplement iron.
These findings are similar to that of 28 elite-female footballers,
whereby 57% were iron deficient and 29% had iron deficiency
anaemia in the run up to the FIFA Women’s World Cup (16)
signifying that individualised monitoring is important. Therefore, future research should further investigate whether the female footballer is exposed to an increased risk of reduced iron
storage and explore whether there is an effect on subsequent
performance.

Practical Applications
• The results suggest that practitioners may target increasing the physical capacities during the pre-season period and
then possibly slightly neglect them as other priorities such
as, match preparation may be determined as “more important”. Therefore, a detraining effect may occur which could
potentially affect peak performance during match play.
• It might be advisable for practitioners to assess the physical
capacities of the players throughout the season (at multiple
time points) and manipulate training plans accordingly, to
maintain peak physical condition.
• The results indicate that it would be worthwhile in future
research to assess the ferritin levels (as well as a full blood
count to detect possible iron deficiency anaemia) of the female footballer on a more rigorous routine to identify those
at potential risk and to help to create a consensus on appropriate courses of action.

Limitations
• The current study only involved one team which has a certain player pool and one method of training. However, this
study represents the first to repeatedly monitor physical
and haematological parameters in non-professional female
footballers and could provide an insight into the possible
challenges with this population.
• Low number of testing time points, without mid-season
measurement timepoint.
• Female specific physiological changes, i. e. the menstrual
cycle, were not considered during the current study which
has been previously observed to affect maximal performance (17).
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