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Objectives: To test 9 + screening batterie's intra-rater reliability, to provide indicative data of elite
handball players, and to analyze difference between age, playing positions and level of play.

Design: Descriptive study.

Setting: Icelandic elite male handball players.

Participants: 182 elite male handball players.

Main outcome measures: Nine + screening battery.

Results: Reliability test: Intra-class correlation for the total score was 0.95. The correlation of each of the
test factors varied from 0.63 to 0.91. The mean total score was 22.3 +2.9 (95%Cl 16.7—28.1), with no
difference in total score comparing players age or level of play. Goalkeepers displayed a higher total score
than other players (F3 151 =5.75, p=0.001). Junior players had a lower score than senior players in tests
measuring abdominal strength and core stability; Test 5; \2(3, 182) =41.5, p<0.0001, Test 6; |2(3,
182) = 55.7, p < 0.0001, Test 7; (3, 182) = 11.8, p < 0.005, but higher scores in tests measuring trunk and
shoulder mobility Test 8; [%(3, 182) = 18.2, p < 0.0001, Test 9; |%(3, 182) =22.2, p = 0.006.

Conclusions: The 9+ intra-rater reliability was acceptable for the total score and individual tests. Age-
related differences were provided in many individual tests.
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1. Introduction

Handball has been a professional sport for years and an Olympic
sport since 1972. The popularity has been growing fast during the
last decade, with many well organized events with packed arenas
and live broadcasts to 200 countries (Karcher & Buchheit, 2014).
Handball has matured into a fast dynamic sport; the most signifi-
cant change occurring in 2000 when teams were allowed a quick
throw-off to increase the speed of the game (Karcher & Buchheit,
2014). As a result, players needed to improve their physical
fitness, with obvious differences between playing positions
(Haugen, Tonnessen, & Seiler, 2016; Hermassi et al., 2018; Karcher
& Buchheit, 2014; Michalsik, Aagaard, & Madsen, 2013; Sibila &
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Pori, 2009). Even in youth handball there is a clear tendency that
playing positions are determined by anthropometric and physical
abilities (Zapartidis, Kororos, Skoufas, & Bayios, 2011). The physical
factors are becoming more important. In a study from the men's
World Cup tournament in 2013 (24 participating teams), the
players from the bottom eight were shorter and had less body mass
than the players from the top 16 teams (Ghobadi, Rajabi, Farzad,
Bayati, & Jeffreys, 2013). In recent years, researchers have pre-
sented data on physical characteristics (body mass, height, BMI,
throwing mechanism, etc.) according to playing positions, level of
play and level of skill (Gorostiaga, Granados, Ibanez, & Izquierdo,
2005; Haugen et al., 2016; Karcher & Buchheit, 2014). Current
handball literature aims to advance the knowledge of injuries in
handball, analyze injury mechanisms as well as improve the players
effort and quality in professional handball (Andrade et al., 2013;
Clarsen, Bahr, Andersson, Munk, & Myklebust, 2014; Dello lacono
et al.,, 2017, 2018; Ghobadi et al., 2013; Gorostiaga et al., 2005;
Karcher & Buchheit, 2014; Kvorning, Hansen, & Jensen, 2017;
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Manchado, Garcia-Ruiz, Cortell-Tormo, & Tortosa-Martinez, 2017;
Massuca, Branco, Miarka, & Fragoso, 2015; Michalsik et al., 2013;
Sibila & Pori, 2009; Sporis, Vuleta, Vuleta, & Milanovic, 2010;
Wagner et al., 2010, 2014, 2018).

In recent years, functional movement tests have been popular
tools to screen athletes, focusing on "dynamic* tests to reveal
possible variations in body function (Cook, 2004). One of these
tools, “The 9 + Screening Battery” (9+), was developed by a Scan-
dinavian research group as a method to screen athlete perfor-
mance. It consist of five tests from the Functional Movement Screen
(FMS), one from the American tennis association (USTA HPP), plus
five other tests added by the group to test for mobility, dynamic
trunk strength and knee control (Frohm, Heijne, Kowalski,
Svensson, & Myklebust, 2012; Frohm & Kockum, 2013). In recent
years, FMS has been tested for reliability (Minick et al., 2010;
Teyhen et al., 2012), non-contact and overuse injuries (Warren,
Smith, & Chimera, 2015), comparison with previous injuries
(Letafatkar, Hadadnezhad, Shojaedin, & Mohamadi, 2014) and
predictive ability for time loss or medical attention injuries (Bunn,
Rodrigues, & Bezerra da Silva, 2019; Chorba, Chorba, Bouillon,
Overmyer, & Landis, 2010; Kiesel et al., 2007, 2014). “High risk*
atheltes were shown to be 51% more likely to be affected by injury
than “low risk*, but with very low level of evidence (Bunn et al,,
2019). Studies using 9 + on athletes have failed to show associa-
tion between the player's total score and lower extremity injuries
(Bakken et al., 2017a, 2017b; Leandersson, Heijne, Flodstrom,
Frohm, & von Rosen, 2018) as well as intraindividual variability
in the total score between seasons, regardless of the players injury
(Bakken et al., 2017a, 2017b). Specific exercises based on the
9 + screening battery did not reduce short-term and seasonal
injury occurrence in adolescent elite athletes (Heijne, Flodstrom, &
von Rosen, 2019). However, the FMS and 9 + tests have been used
considerably by coaches and physical therapists to screen for
asymmetries and imbalance (Marques, Medeiros, de Souza Stigger,
Nakamura, & Baroni, 2017) and as a tool to measure physical ca-
pacity of athletes aimed to improve their performance (Atalay,
Tarakci, & Algun, 2018), in a field where more knowledge
regarding physical conditions is continually required (Kraus,
Schutz, Taylor, & Doyscher, 2014; Sprague, Mokha, & Gatens, 2014).

Until now, no studies have used the 9 + screening battery to
present indicative data for handball players in relation to their
playing positions, level of play or different age groups. Furthermore,
previous studies have only used the 9 + total score, but no study
have used the scores of each of the 10 individual tests in the 9 + test
battery to compare with injury risk, playing position, level of play
or different age groups.

The purpose of this study was to test intra-rater reliability of the
9 + screening battery among junior handball players, to provide
indicative data of junior and senior elite handball players, and to
compare groups according to age, level of play and player position.

2. Methods
2.1. Participants

We contacted the male senior clubs in the two highest divisions
(n=16) in Iceland during the early pre-season with written and
oral information about the study; 13 of them accepted the invita-
tion. We also invited male junior players (16—19 yrs) from the clubs.
National team players playing professionally abroad were also
invited to participate during a training session in Iceland. A total of
182 players provided written consent, including parental consent
for players <18 yrs. The study was approved by The National
Bioethics Committee in Iceland (Andersson, Bahr, Clarsen, &
Myklebust, 2018; Atalay et al., 2018; Bakken et al., 2017a, 2017b;

Bland & Altman, 1986; Bunn et al., 2019; Chorba et al., 2010; Clarsen
et al., 2014; Cook, 2004; Dello lacono et al., 2017, 2018; Frohm et al.,
2012; Frohm & Kockum, 2013; Gillet, Begon, Blache, Berger-Vachon,
& Rogowski, 2017; Heijne et al., 2019; Kiesel et al., 2007, 2014;
Kraus et al., 2014; Kvorning et al., 2017; Leandersson et al., 2018;
Letafatkar et al., 2014; Manchado et al., 2017; Marques et al., 2017,
Medeiros, de Araujo, & de Araujo, 2013; Minick et al., 2010; Soucie
et al,, 2011; Sporis et al., 2010; Sprague et al., 2014; Teyhen et al.,
2012; Wagner et al., 2010, 2018; Warren et al., 2015) and re-
ported to The Icelandic Data Protection Authority.

Of the 182 players included, 61 played in the premier division
(no national team games), 44 in the second division (no national
team games), 27 were Icelandic national team players, 8 of them
current and 19 former professional European club players, now
playing for Icelandic premier division clubs. Fifty were junior
players from the teams, also playing for the senior teams or vying
for a place in the senior team.

The junior players (n = 50, 16—19 yrs, mean 17.3 + 0.7) were
tested twice with the 9 + screening battery with a week interval
between tests to examine the intra-rater reliability of the test,
while the senior players (n = 132) were tested once.

2.2. Experimental design

All the tests were performed by the same tester (ETR), an
experienced sports physical therapist. Prior to the reliability tests,
the tester underwent a 2-day course supervised by two of the
9 + developers.

The 9 + screening battery consists of functional exercises and
complex movements. The battery is comprised of the: 1. Deep squat
test, 2. Deep single leg squat test, 3. In-line lunge test, 4. Active hip
flexion test, 5. Straight leg raise test, 6. Push up test, 7. Diagonal lift
test, 8. Seated rotation test, 9. Functional shoulder mobility test, and
10. Drop jump test (Frohm & Kockum, 2013). For each of the 10
tests, players received specific instructions and they were scored
from O to 3 points on an ordinal scale according to their perfor-
mance (3: correct; 2: correct, but with compensatory movement; 1:
not correct; O: if pain was present). Therefore, the maximum total
score was 30. Research tools used were a standard set used for
9 + screening (Frohm & Kockum, 2013). Players were tested bare-
foot, wearing a t-shirt and shorts. In tests looking for side-to-side
differences, the left extremity was tested first. If side differences
were present, the lower score was used for data analysis. Before
each test, players were shown a photo of the optimal starting and
finishing position of each exercise. They received standardized
verbal instructions from the tester while performing the test and
verbal corrections between attempts. Every player performed each
test three times and their best score was used in the analyses. The
average time to complete the test was 30 min per player. Player
characteristics (i.e., age, height, weight, playing position, level of
play) were recorded before each player was tested.

2.3. Statistical analyses

The data were analyzed using SAS Enterprise Guide 7.1.
Descriptive data are presented as the mean =+ SD. In the reliability
study, intra-rater reliability in the two sessions total score was
analyzed using intraclass correlation coefficient (ICC (3.1)). ICC
varies between 0 (no reliability) and 1 (complete reliability) (Bland
& Altman, 1986). Spearman's correlation was used to calculate the
intra-rater reliability of the two repeated measurements in each of
the ten tests. Standard error of measurement was calculated by
using the formula: SDgjf/ \/2. T-tests and ANOVA were used to test
for group differences in total score, and Bonferroni post-hoc test for
multiple comparisons. Chi-square was used to test for differences
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between groups in individual tests. Linear regression analysis was
used to analyze the relationship between test scores and age. The
significance level was set as p < 0.05.

3. Results

The 9 + screening battery total score among the 50 junior
players in the reliability study varied from 16 to 30 points in both
tests, with a high correlation between test sessions (ICC
(3.1) = 0.95, 95%CI 0.93—0.97, p < 0.0001). A significant improve-
ment (0.32, p = 0.041) was observed in the total score between the
two test sessions (test 1: 21.6 + 3.5; 95%CI 20.7—22.6 and test 2:
22.0 + 3.4; 95%Cl 21.0—22.9). For each of the 10 tests in the
screening battery, Spearman's correlation showed that the intra-
rater reliability ranged from 0.65 (test 10, Drop jump test) to 0.95
(test 1, Deep squat). The standard error of measurement ranged
from 0.14 (test 10) to 0.37 (test 2).

3.1. Screening

The average total score for senior Icelandic handball players
tested in the 9 + screening battery was 22.3 + 2.9 points (95%CI
16.7—28.1). No significant difference was found in the total score
between players in the two Icelandic divisions (p = 0.26). Fig. 1
shows the difference in total score between playing positions
where goalkeepers total score (24.3 + 3.5 points 95%CI 22.3—25.7)
were 2.2—2.9 points higher than players in other positions. Exam-
ining the score for each of the ten individual tests, goalkeepers
reached a higher score than other players in test 3; In-line lunge
test (2.29+0.9 vs 2.21 + 0.6, \2(2. 155)=6.26, p=0.05) and test 4;
Active hip flexion test (2.63 +0.8, vs 1.70+0.8, |2(2, 155)=35.2,
p <0.0001). Goalkeepers and wing players achieved a higher score
than back court and pivot players in test 9; Functional shoulder
mobility test (GK; 2.63+0.7, |2, 155)=89, p=0.01, WP;
2.45 + 0.7 vs other players; 2.13 + 0.7, |2(2. 155)=9.17, p=0.01).

There was no significant difference in the total score of the
9 + screening battery between groups (junior players, premier
league players, 1st division players, national team players, p = 0.26).
But when examining the score for each of the ten tests, a significant
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difference was found in several tests with junior players scoring
lower in tests requiring trunk strength and stability; Tests 1; Deep
squat test; |(3,182) = 11.1, p = 0.0072, 5; Straight leg raise test; |(3,
182) =415, p<0.0001); 6; Push up test; [%3, 182)=557,
p<0.0001); and 7; Diagonal lift test, |2(3, 182)=11.8, p=0.006)
and higher in tests requiring hip, trunk and shoulder mobility (3;
In-line lunge test, |> = 13.3, p = 0.0018); 8; Seated rotation test; |%(3,
182)=18.2, p<0.0001); and 9; Functional shoulder mobility test;
1(3,182) = 22.2, p < 0.0001, (Table 1). National team players scored
higher in tests requiring strength and stability in trunk and dy-
namic flexibility Tests 4; Active hip flexion test; |%(3, 182)=10.7,
p=0.03; and 5; Straight leg raise test; |%(3, 182) = 11.8, p = 0.003)
(Table 1). As seen in Fig. 2, when the results from each of the 10
tests in the 9 + was compared with age as a continuous variable, a
significant age-related difference was found in tests for trunk
strength and stability as well as shoulder mobility (Ghobadi et al.,
2013; Haugen et al., 2016; Wagner et al., 2014; Zapartidis et al.,
2011).

4. Discussion

This study provides indicative functional movement screening
data on male junior, senior and national team handball players.
Young players displayed lower scores in tests measuring trunk
strength and stability and higher scores in tests measuring
mobility. National team players scored highest in tests requiring
stability and neuromuscular control in the trunk.

4.1. Screening tests

Goalkeepers scored higher than other groups of players in the
9 + screening battery due to their high scores that require mobility
in hips, thighs and shoulders (Tests 3, 4 and 9). It is related to
goalkeeper's requirements to be mobile to react against shots in
various positions. A fundamental part of goalkeeper's training
sessions consist of exercises to increase their mobility which is even
more important than their strength (Karcher & Buchheit, 2014).
Overall, playing handball creates muscular imbalances and tends to
decrease the range of motion in the throwing shoulder compared to

Goalkeepers

Wing players

Back court players  Pivot players

Playing positions

Fig. 1. The average total score of the 9 + screening battery in different playing positions. Standard deviations are shown as error bars for each playing position. *Goalkeepers had

significantly higher total score than other players (p = 0.0009).
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Table 1
The average screening test score for each test and the average total score shown for different skill levels of players.
1 2 3 4 5 6 7 8 9 10 Total
Junior players 2.15% 1.32 2.39° 1.71 1.29° 2.37% 2.02° 2.39° 2.80° 2.95 21.39
Premier division 2.24 1.47¢ 2.26 1.70 217 2.89 2.23 2.29 2.21 2.80 22.26
Second division 2.23 1.21 2.27 1.94 2.00 2.98 2.38 2.19 2.27 2.77 22.23
National players 2.19 1.44¢ 211 2.07¢ 2.59° 2.96 233 2.00 233 2.78 22.81
Average 2.20 1.36 2.26 1.85 2.01 2.80 2.24 2.22 241 2.83 2217

2 Significantly lower score than in other groups (p =0.007 (Karcher & Buchheit, 2014), p <0.0001 (Haugen et al., 2016) p <0.0001 (Zapartidis et al.,, 2011), p = 0.006

(Ghobadi et al., 2013)).

b Significantly higher score than in other groups (p = 0.001 (Sibila & Pori, 2009), p < 0.0001 (Gorostiaga et al., 2005), p < 0.0001 (Wagner et al., 2014)).

¢ Significantly higher score than in second division players group (p = 0.006).
94 Significantly higher score than in second division players group (p = 0.03).

¢ Significantly higher score than in other groups (p = 0.03 (Hermassi et al., 2018), p = 0.003 (Haugen et al., 2016)).

3.5
3
2.5
o 2 o g0 x X
- X
@ P Y
e 15 ’ X
8 - ¢ Testnr5
S
1 X Testnr6
05 Testnr7
X Testnr9
0
15 17 19 21 23 25 27 29 31 33 35

Player’s age (years)

Fig. 2. The relationship between age and the mean test score of each year of age in the four tests that showed significant age-related difference (B represents estimated changes in
score per year). Test 5 (B = 0.14, 95%Cl: 0.10—0,19, p < 0.0001), Test 6 (f = 0.11, 95%CI: 0.05—0.17, p=0.002), Test 7 (B = 0.10, 95%CI: 0.03—0.17, p = 0.0068), Test 9 (f = —0.11, 95%

Cl: —0.17-0.05, p = 0.002).

other athletes (Andrade et al., 2013; Clarsen et al., 2014). Wing
players scored higher than back court and pivot players in test 9,
which requires shoulder mobility. The wing players are smaller and
with less body mass than other outfield players, shooting from
narrow angles using various techniques requiring appropriate
range of motion in the shoulder joint (Ghobadi et al., 2013;
Gorostiaga et al., 2005; Massuca et al., 2015; Sibila & Pori, 2009).
As shown in Fig. 2 (Test 9), shoulder mobility declined with
increased age. Researches have shown that age-related changes can
be an explanation (Medeiros et al., 2013; Soucie et al., 2011). Players
tend to improve their strength during their career by continuous
strength training (Kvorning et al., 2017; Massuca et al., 2015). Re-
petitive movements and strain on the anterior part of the shoulder
girdle (i.e. pushing and tackling opponents, ball throwing, weight
lifting with emphasis on the protracting muscle groups) can create
imbalance and reduced glenohumeral rotation among athletes
(Gillet et al., 2017). This represents a risk factor for shoulder injuries
among elite handball players but studies analyzing risk factors for
shoulder injuries have shown conflicting results and our results
should therefore be interpreted with caution and researched
further (Andersson et al., 2018; Asker et al., 2018; Clarsen et al.,

2014).
4.2. Level of play

In the present study, the national players scored higher than
other players in tests 4 and 5, which require adequate active
hamstring flexibility, trunk strength and stability. Modern handball
requires a large number of high-intensity actions, leading to
neuromuscular adaptation; trunk strength and stability are
believed to be key performance factors (Karcher & Buchheit, 2014).
Therefore, it seems logical that the most skillful group scored
highest in these two tests.

Junior players scored lower than other player groups in tests 5, 6
and 7, which all require a high amount of trunk strength and sta-
bility, and in test 1, which measures trunk stability, mobility in
shoulders and hips. Considering their high score in tests 3, 8 and 9
(Table 1), which all test for mobility and flexibility, it seems
reasonable to suggest that lack of trunk strength and stability plays
a role in their low score in test 1. Research on Icelandic elite
handball players has shown that one-third of overuse injuries
resulting in absence from participation were located in the low
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back/pelvic region (Rafnsson, Valdimarsson, Sveinsson, & Arnason,
2017). This demonstrates a need for further knowledge regarding
training methods and possible risk factors. The scores in tests 5, 6,
and 7 indicate age-related differences in trunk strength and sta-
bility. Age-related variability in range of motion can partially
explain these differences (Medeiros et al., 2013), but physical
maturity is believed to be an important factor in both strength and
skill (Ghobadi et al., 2013; Gorostiaga et al., 2005). Previous studies
have indicated that physical presence and strength is a funda-
mental factor for necessary skills as well as reducing injury risk,
even at the junior level (Zapartidis et al., 2011; Clarsen et al., 2014,
Wagner et al., 2018). When examining the score shown in Fig. 2, it is
important to realize that it not only displays abdominal strength,
but also stability and quality of movement created by the muscle
groups around the spine and abdomen during flexion and exten-
sion (Frohm & Kockum, 2013). Even though some of the junior
players matched the senior players in height and weight, they had
lower scores irrespective to their anthropometrics. These results
raise questions about possible correlations between age related
differences in trunk strength and stability and the high prevalence
of time loss injuries in the low back region in Icelandic male
handball (Rafnsson et al., 2017). Firm conclusions are not possible,
but the data represent a platform for further research.

4.3. Study limitations

The study was just performed by one tester, and therefore it was
not possible to look at inter-rater reliability. It should be considered
that the factors behind the score in some of the 9 + tests can be
related to more than one body part, for example in test 1 (shoul-
ders, hips and trunk). This can cause difficulties using the score to
compare players without knowing which body part is responsible
for the compensatory movement that determines the score. Indi-
vidual factors inside each test could therefore be a valid addition to
increase test sensitivity. Significant difference between groups of
players do not always need to be the same as practical difference.
Difference that cannot be detected in movement quality are
possibly not practical. However, differences that are detectable in
movement quality could be classified as practical such as the dif-
ference between skill levels in tests 5, 6 and 9, where junior players
would be classified one point lower (tests 5 and 6) or higher (test 9)
than other players.

4.4. Perspectives

The 9 + screening battery is reliable and usable for physical
therapists. The test is easy to use, and the tools used for measure-
ment are space demanding, which makes the test convenient to
use. Some of the 10 tests seem to be useful to indicate differences
between players in different playing positions, level of play and age
groups. Therefore, it could be used as a tool for coaches to test
players and compare to indicative data, indicating their stability,
strength and flexibility. Physical therapist can use it to reveal some
weak links that could be useful in rehabilitation before return to
play. These results could be a platform for further research as well
as to provide guidance for coaches organizing their training
schedule, helping them to spot factors such as imbalance in
mobility and muscle strength.
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