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Abstract. Regarding the literature there is a considerable risk of injury in taekwondo competition. Injuries can be
reduced in taekwondo athletes by a pre-participation screening tool that can identify injury risk. The Functional
Movement Screen (FMS) can be used by athletes as a reliable clinical tool to predict injury; however, the FMS has not
been tested on taekwondo athletes. The current study aims to establish normative FMS values for taekwondo athletes.
45 healthy taekwondo athletes has performed the FMS. Descriptive statistics were analyzed; independent t-tests were
conducted to evaluate the gender and experience effect as well as injury background on FMS scores. The existence of
any significant differences in scores for any component of the FMS was evaluated using a Chi-square test. The mean
FMS score was 13.12 £ 1.9. No significant differences in FMS scores were found between novice and experienced
athletes (p = 0.72) or athletes with an injury in their background as well as those without any injury (p = 0.20).
Although male and female athletes did not show any significant difference in their total FMS score (p = 0.62),
noticeable differences were observed in the deep squat (p < 0.05), trunk stability push-up (p < 0.001) and active straight
leg raise components (p = 0.003). This study provides normative values for FMS scores while testing uninjured
taekwondo athletes.

Key words: functional movement screen, injury, taeckwondo.

Introduction

Taekwondo is an old systematic and scientific Korean martial art that requires multiple physical fighting
skills. This well-known Olympic sport is regulated by the World Taekwondo Federation and has been one of
the most popular sports worldwide, between 75— 120 million people practice taekwondo in more than 140
countries. In the London 2012 Olympic Games Spain achieved most of the medals and it has traditionally
gained great international sporting success (1). Taekwondo competitive performance depends on a variety of
factors like physical, (2-6) psychological, (7, 8) technical (9, 10) and tactical (11-13).

Practitioners compete in gender and weight-matched categories in a full-contact event between two
opponents which divided into three semi continuous rounds of 2 minutes, with 1 minute rest between the
rounds. Taekwondo athletes are equipped with a padded trunk protector, protective padded headgear,
protective gloves and shin guards. The player who gained higher scores for the specific fighting techniques
allowed (kicks and punches), accurately and powerfully, in the legal scoring areas (the abdomen, both sides
of the flank and the permitted parts of the face) is promulgated as the winner.

Understanding the injury pattern of a particular sport and its inherent risk factors is a key factor in the area of
current sports medicine (14). There is also a high risk of injury in elite athletic performance in taekwondo,
like other combat sports (15-21). With the assumption that injury is any situation in which the athlete sought
the assistance of on-site medical personnel, the latest reviews on competition injuries in taekwondo
concluded that total injury rates are between 20.6-139.5 per 1000 athlete-exposure (A-E) for elite men and
25.3-105.5 per 1000 A-E for elite women. Considering only time-loss injuries are, rates are between 6.9—
33.6 per 1000 A-E for men and 2.4-23.0 per 1000 A-E for women (20). The main injuries in taekwondo
occurred in direct contact, especially in the exchange of accurate turning kicks and poorly performed or non-
existent blocking skills (17, 20, 22, 23). Injuries are mostly localized to the lower extremities, especially the
instep of the foot, and these are primarily contusions, sprains and muscle strains (17, 20, 24, 25). The head
and neck are the next regions most prone to receive injuries in tackwondo competition (17, 20).
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The use of laboratory equipment and an experienced examiner usually unavailable in typical clinical settings,
are prerequisites for the evaluation of techniques biomechanics. Several researchers have recommended a
clinical screening process through which practitioners could identify athletes at risk for injury (26, 27).
However hitherto no screening tool has been utilized or validated to identify risk of injury in taekwondo
athletes. The Functional Movement Screen (FMS) is a screening tool used to concurrently evaluate multiple
domains of function (balance, strength, range of motion) and improve the accuracy of risk identification in
athletes (28). The screen examines fundamental movement patterns essential for sports. The screening tool
includes 7 tests that use a variety of basic positions and movements, which are assumed to provide the
foundation for more complex athletic movements to be performed efficiently. These movements include
functional mobility of the lower extremity joints, tests that evaluate stride mechanics, the interplay between
distal mobility and proximal stability, and multi-plane movements (29, 30).

The FMS has been validated in several athletic populations during competitive seasons and may provide a
method for clinical examination of the multifactorial nature of injury and risk determinants (31, 32). The
FMS should be evaluated and used in taekwondo. Hence, this research was to establish normative values for
the FMS in a population of taekwondo athletes with secondary aims of investigating whether the
performance differed between males and females, as well as those with and without an injury their athletic
background, and experience. It is hypothesized that less-experienced athletes with and those who have
injury before would gain lower scores on the FMS. We did not expect any difference in scores between male
and female athletes.

Material and method

45 healthy taekwondo athletes (24 M; 21 F; mean age = 23.1 + 4.2) aged between 19 and 27 years
volunteered to participate in the study. Participants were selected from Iranian taekwondo academy.
Subjects were included in the study have been examined to determine that if they were currently trained for a
major regional or national competition, have been without injury for at least 3 months prior to testing, having
no surgery within the last 6 months, and also were willing to be contacted through email for the study. An
injury was defined as “any situation in which the athlete needed the assistance of the on-site medical
personnel.” This definition was presented by Pieter et al. (33). If subjects were elite or professional
taekwondo athletes, they would be excluded. Athletes were considered elite if they met the qualifying time
for Olympic Trials or had made distinguished accomplishments in taekwondo in the past 2 years prior to
testing (34). The study was conducted in conformance with the ethical standards of the Int J Sports Med (35),
and was approved by Tehran University Human Ethics Committee. Written permission was achieved prior to
data collection process. Subjects were categorized into two groups of novice and experienced athletes.
Novice athletes were those with 3 or less years of experience in taekwondo, and experienced athletes were
those with more than 3 years’ experience; athletes with less than 3 years’ experience showed a greater risk of
injury (36).

Procedures. Data collection was done at Iranian tackwondo academy sites. Participants took part in the study
with their usual training clothes and footwear. Data were collected by licensed physical therapists and an
athletic trainer, and a certified FMS instructor took the responsibility of training the investigators to perform
the screening of subjects before data collection. The 7 components of the FMS screening tool include whole-
body movements which are to assess mobility and strength concurrently. They include a deep squat, a hurdle
step, an in-line lunge, a shoulder mobility test, an active straight leg raise test, a trunk stability push-up, and a
rotary stability test. Cook et al. (29, 30) provide more details on each component and the FMS. The FMS has
had excellent inter-rater reliability for composite scores (ICC = 0.981) and between individual test
components (k = 0.70-1.0) (37). Reliability has also been evaluated for both novice and expert raters.
Neither novice nor expert raters fell below a moderate level of agreement. The novice raters had agreed upon
2 more test components compared to the expert raters (6 vs. 4); however, the percent of agreement was about
the same (89.6 and 86.7 % for novice and expert raters, respectively). The novice raters and expert raters
having been compared, 14 of the 17 tests were in excellent conformity (38).

Functional Movement Screen Testing. The FMS screening instructions and scoring process were followed in
association with the standardized version of the test to assure scoring accuracy and consistency among test
administrators. Test components were not randomized. Each participant took part in 3 trials for the deep
squat, and 2 trials for the hurdle step, in-line lunge, trunk stability push-up, and rotary stability test. Subjects
took part in one trial for shoulder mobility and active straight leg raise. Each trial was scored on a scale of
zero to 3. A score of 0 indicated the pain during the movement or that the participant was unable to get into
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the test position and perform the movement; a score of one showed the failure in completing the movement
or loss of balance during the test; a score of 2 illustrated the performance of the movement with
compensation; and a score of 3 showed the perfect form during the movement. For test components scores
were recorded in right and left side, the lower of the 2 scores was carried over as a final score for that
component of the FMS. In addition to the 7 test components, 3 clearing tests (active scapular stability or
impingement test, spinal extension and spinal flexion clearing) were conducted and scored as either positive
or negative where a positive response indicated pain during the examination movement. If subjects were
positive for any clearing exam, they got zero for the corresponding FMS component movement. Final scores
for each component were added to get an overall composite FMS score with a maximum value of 21.

Data analysis. Descriptive statistics were numerated for patient demographics including age,
anthropometrics, years of training and gender. Independent t-tests were conducted to examine differences
between male and female athletes, like those who had an injury in the last 12 months or those who were
novice compared to experienced athletes. Chi-square tests were done to examine if there were any significant
differences between males and females in the scores distribution for the different tests. Calculations were
done through Stata 12.1/IC software (StataCorp, 2009). Stata Statistical Software: Release 12. College
Station, TX: Stata- Corp LP) and the a priori level of significance was set at p < 0.05.

Results

22 taekwondo athletes (51 %) reported an injury in their background in the past 12 months and several
athletes reported more than one injury. Table I shows the descriptive data for subjects, and injury locations
are enlisted in Table II.

Table I. Patient demographics

Gender
Male 48% 57% 52%
Female 52% 43% 48%
Age (years) 22.1+35 242 +2.4 23.1+£42
Weight (kg) 66.2+11.6 68.6 114 67.4+114
Height (cm) 169.3+10.2 172.1+10.5 171.2+10.4
Training experience 22+0.8 7.7+35 565
Prior history of injury 42% 55% 51%
Table I1. The location of injury for previously injured athletes.
Knee 5 9.8
Thigh 8 15.7
Hip 6 11.8
Calf 1 2.0
Ankle 2 3.9
Achilles 1 2.0
Foot 4 7.8
Toe 1 2.0

Subjects completed all components of the FMS, including clearing tests for pain. Among 45 subjects, 6
reported pain with the impingement clearing test, 5 with the press-up clearing test, and none of them had
pain during the posterior rocking clearing test. The mean composite FMS score was 13.12 = 1.9 out of a
maximum of 21. Athletes obtained the highest scores for in-line lunge component with a mean score of
2.15%0.53 and the lowest score was recorded on the rotary stability component with the mean score was 1.61
+ 0.49. Table III illustrates the descriptive data for FMS scoring. Male and female athletes did not show any
significant difference in their total FMS score (p = 0.55); the total score for males were 13.08 + 1.64 and for
females 13.33 + 1.9.
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However, significant differences for gender were observed for 3 FMS components — the deep squat (chi-
square = 6.198, p = 0.045), trunk stability pushup (chi-square = 18.49, p < 0.001), and active straight leg
raise (chi-square = 12.78, p = 0.002). The majority of men (78.3 %) and women (66.7 %) score ‘2’ for the
deep squat. 13 % of men scored ‘3°, and no woman scored ‘3’. On the trunk stability push-up component,
the majority of women (61.9 %) scored ‘1°, while most of the men (47.8 %) scored ‘2°. While 43.5 % of men
scored ‘3’, no women got ‘3’ on the trunk stability push-up test. However the majority of women (57.1 %)
scored ‘3’ on the active straight leg raise component, while only 8.7 % of men got ‘3’. The most common
score recorded for men (65.2 %) was ‘2°. Differences were also determined in FMS scores between athletes
with an injury in the last 12 months. In those athletes with an injury experience in the past 12 months, the
mean FMS score was 13.59 + 0.40, while mean FMS score for athletes without any injury was 12.9 + 0.34.
For the mean composite score (p = 0.202) or for any component of the FMS test, no significant differences
were shown between athletes with an injury in their background and those without. In novice and
experienced athletes, differences in FMS scores were compared. Novice and experienced athletes did not
show any significant difference in their FMS scores (p = 0.708), the average in novice athletes was 13.28 +
0.41 and in experienced athletes the value of 13.06 + 0.35 was recorded as average for their total FMS
scores. There was no noticeable differences for any component of the FMS test between novice and
experienced athletes.

Table I11. Functional Movement Screen (FMS) test scores for tackwondo athletes

Deep Hurdle In-line Shoulder Active Trunk Rotatory Total
squat step lunge mobility straight stability stability
leg raise push-up
Gender
Male 2.0+ 2.0+047 2.1+0.51 1.7+0.96 1.8 £0.58* 23+ 1.5+0.51 13.1+1.7
0.47* 0.65**
Female 1.7+ 1.7+£0.54 2.3+0.67 23+0.72 2.5+0.60%* 1.4+ 1.7+ 0.44 133+1.9
0.48* 0.50**
Experience
level
Novice 1.7+£047 2.0+039 23+0.61 23+0.73 2.24+0.58 1.8 +£0.80 1.8+0.43 133+1.5

Experienced 19+£051 1.8+054 21+050 1.8+0.93 21+£072 197075 1.5+0.51 13.1+1.9
Prior history of

injury
Yes 194053 19+061 21+056 2.0+0.93 21+075 2.1+0.75 1.6+£050 13.6+1.9
no 1.8+£0.51 1.8+040 2.2+0.54 2.1+£0.77 2.3+0.56 1.7+£0.73 1.7+0.48 129+1.5

Discussion and Conclusion

The study aims to establish normative values for the FMS in a population of taekwondo athletes and also to
detect any differences between males and females (whether with an injury in their history or without) and
between novice and experienced athletes. Numerous studies have shown a higher injury rate in novice
taekwondo athletes (16-18, 22, 23). Furthermore, this idea was proposed that taeckwondo athletes may get
injured due to their musculoskeletal tissues strength and it is related to how or how much they have been
trained (18). A While we expected to see significantly lower FMS scores for taekwondo athletes with an
injury in their history and also for novice athletes, our findings did not support this.

Our findings were near to those of Schneider’s et al. (39); they performed the FMS on 209 young, active
adults. They did not find any notable difference in scores for gender or those with an injury. Surprisingly, the
mean composite score was 15.7 for their population, which is a bit higher than ours (13.12). Mean composite
score for taeckwondo athletes is even lower than that of other athletic populations. For instance, the mean
composite score for professional football players is recorded as 16.9 (40). Lower scores on the FMS may
indicate that most taekwondo athletes have undertaken repetitive, single plane movement training, as the
FMS tests more multi-planar functional movements. Our findings supported this idea that taekwondo athletes
scored the highest for the inline lunge component, which indicates that the movement pattern is mostly
similar to training, and is the poorest on the rotary stability test.
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While no significant differences were observed for gender, males scored noticeably higher than females on
the deep squat and trunk stability pushup. Although male athletes were shown to be stronger than females,
the gender differential found between FMS components might be due to differences in core muscle activity
rather than strength. This is due to the dynamic, functional and multi-planar nature of the FMS testing and
the definition and evaluation of core stability (41).

Furthermore, gender differences in core stability may increase the probability of injury in female athletes or
result in poor mechanics during single leg activities (42). In a study conducted by Schneider’s et al. (43),
significant differences were observed in rotary stability scores between genders. Our study however found no
notable difference between genders regarding this component of the FMS. This was however the lowest
component score among all athletes. The purpose of the rotary stability test is to examine complex
movement which requires proper neuromuscular coordination and energy transfer from one segment of the
body to another through the torso and also needs adequate transverse plane stability (30). Lower scores on
this component may indicate that tackwondo athletes have impaired trunk, pelvis and hip muscular control,
which can be a contributing factor to abnormal lower extremity mechanics (44). Athletes with an injury
experience showed higher mean composite scores than those without injury (13.59 vs. 12.9). Although these
differences were not noticeable, higher scores in previously injured athletes may be due to the focused
treatment, such as physical therapy or strength training, which they received for the treatment of a particular
injury. To determine whether this is a contributing factor, more information on current training programs and
previous treatment is necessary. This is the first study which examines the FMS scores in taekwondo
athletes. Our study had adequate power for determining normative values for the screen. One limitation of
our study is the limited power to determine whether truly significant differences exist in our subgroups (i.e.
gender, experience level, prior history of injury). Furthermore, our sample size makes difficult the analysis of
contributing factors influencing FMS scores. To approve our findings further research is required. Future
studies with larger sample sizes and a longitudinal design and control for risk factors such as mechanics,
training factors, and alignment are required. The incorporation of clinical lower extremity functional
screening tests such as the Small Knee Bend (SKB) and Frontal Plane Projection Angle (FPPA) may provide
reliable information on lower extremity dynamic alignment and fulfill the need for sophisticated laboratory
equipment. Moreover, we did not obtain any information on strength training or other activities athletes
perform or on their history of treatment and prior injury. Future research should be done with a focus on the
ability of baseline FMS score to anticipate injury in taekwondo athletes through a comprehensive model for
risk assessment (45, 46) as well as examining different training programs that focus on core and multi-planar
functional strength in comparison with pure taekwondo training.

This is the first study providing normative data for the FMS on a cohort of tackwondo athletes. Our findings
can be used as a standard for physical therapists and coaches to evaluate the functional ability of uninjured
taekwondo athletes. Future research is needed to improve our understanding of the utility of FMS as a
screening tool for injury and baseline functional strength in tackwondo athletes.
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