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Abstract 

Different factor structures for post-concussion symptoms have been proposed in previous 

studies. It has been suggested that 1-week post-concussion the symptoms are non-specific, 

however, when the concussion-injury is less acute the symptoms become more specific. The 

purpose of this study was to examine the factor structure of the 22-item concussion 

symptoms list from the SCAT-5. Responses from 166 concussed active and retired female 

athletes (M = 28.34, SD = 7.38) were collected under three conditions (current symptoms, 

symptoms after the first concussion, and after their most severe concussion). The results 

indicated a four-factor structure after the first concussion and their most severe concussion 

However, factor analysis on current symptoms indicated a six-factor structure. The results are 

similar to previous studies and indicate that post-concussion symptoms may become more 

specific in less acute phase of concussion-injury.  

Keywords: Post-concussion symptoms, female athletes, factor analysis, SCAT-5 

Útdráttur 

Rannsóknir hafa bent á mismunandi gerðir af þáttabyggingum fyrir 

eftirheilahristingseinkenni. Lagt hefur verið til að viku eftir heilahristing séu einkennin 

ósértæk, en seinna verði einkennin sértækari. Markmið þessarar rannsóknar var að finna 

hvort undirliggjandi þættir myndu breytast eftir fyrsta, alvarlegasta og núverandi 

heilahristings einkenni. Þátttakendur voru 166 íþróttakonur sem höfðu hlotið heilahristing og 

voru enn að spila eða höfðu áður spilað íþróttir (M = 28.34, SD = 7.38). Niðurstöður benda til 

fjögurra þátta líkan á einkennum eftir fyrsta og alvarlegasta heilahristinginn, hins vegar bentu 

þær á sex þátta líkan á núverandi einkennum. Þetta er í samræmi við fyrri niðurstöður og 

bendir til þess að þegar einkenni eru langvarandi verða þau sértækari. 

 Lykilorð: Eftirheilahristingseinkenni, íþróttakonur, þáttagreining, SCAT-5 
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Concussion among female athletes in Iceland: Exploratory factor analysis on post-

concussion symptoms 

Concussion, or mild traumatic brain injury (mTBI), has gained increasing attention 

and is thought to be a serious public health problem. It is estimated that 100 – 300 patients 

seek medical treatment for concussive injuries per 100.000 persons a year (Carroll et al., 

2004). Sport-related concussions (SRC) is a sub-type of a concussion that has been 

distinguished from other causes, such as motor vehicle injury, because athletes, especially 

those in collision sports, are at a greater danger of sustaining multiple mild concussions 

(Covassin et al., 2003; Hsu & Jenkins, 2020; McCrory et al., 2017).  

It is estimated that approximately 1.6 – 4.0 million athletes sustain sport-related 

concussions each year in the United States of America (Langlois et al., 2006). Although most 

athletes recover from SRC symptoms within 7 – 10  days post-injury, about 10 – 20% of 

them suffer from prolonged symptoms (Logan, 2010; Makdissi et al., 2010; McCrea et al., 

2013). If symptoms are prolonged (> 3 months) post-concussion syndrome (PCS) can be 

diagnosed (Coppel, 2014; Logan, 2010).  

Most studies on concussion have been performed on male athletes, although in recent 

years female participation in sport has increased (Broshek et al., 2005). Despite that, studies 

comparing male and female athletes are limited, and even fewer studies have only female 

participants (Collins et al., 1999; Erlanger et al., 1999; Guskiewicz et al., 2001). 

Nevertheless, studies have shown that female athletes are more vulnerable to concussions, 

experience more, and more severe and persistent symptoms than males (Broshek et al., 2005; 

Colvin et al., 2009; Covassin et al., 2006; Covassin et al., 2007; Dick et al., 2007). It has also 

been hypothesized that females experience different symptoms than males, and if so, their 

recovery pattern may also be different (Broshek et al., 2005; Covassin et al., 2006; Covassin 

et al., 2007; Edna & Cappelen, 1987; Lidvall et al., 1974; Rutherford et al., 1977).  
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Athletes may experience up to 21 – 22 post-concussion symptoms (Collins et al., 

2014). These symptoms may be somatic, emotional, cognitive, or sleep disturbances (Joyce et 

al., 2015; Karr et al., 2019; Kontos et al., 2012; Merritt & Arnett, 2014). Physical or somatic 

symptoms following concussions may include headache, dizziness, nausea, balance 

problems, fatigue, light and noise sensitivity (Joyce et al., 2015; Karr et al., 2019; Kontos et 

al., 2012; Logan, 2010; Merritt & Arnett, 2014; Piland et al., 2006). These symptoms are 

sometimes called late symptoms because they can occur later, although symptoms like 

headache and dizziness usually occur immediately after the concussion and can be long 

lasting post-trauma (Ryan & Warden, 2003). McGrath et al., (2013) reported that 75 % of 

patients had headache 1-week post-concussion and Hoffman et al. (2011) reported in their 

study, that 71% of concussed patients still had headaches at one-year post-concussion. Sleep 

disturbances are common following a concussion, affecting 30 % to 70 % of the population. 

Although little is known about sleep-disturbances post-concussion and its long-term 

prognosis, studies suggest that sleep-disturbance may persist six years post-concussion 

(Kaufman et al., 2001; Pillar et al., 2003; Tham et al., 2015). Bramley et al., (2017), reported 

that athletes suffering from sleep-disturbances take three to four times longer to recover 

compared to athletes not suffering from sleep disturbances. Cognitive impairment may 

include poor concentration and memory complaints or mental fogginess Kempf et al., 2010). 

Studies have indicated that a history of repeated concussions is associated with prolonged 

neurological recovery post-concussion alongside cognitive performance (Collins et al., 1999; 

Guskiewicz et al., 2003; Stephens et al., 2010; Terry et al., 2012). Guskiewicz et al., (2005), 

for example, reported that repeated concussions are a risk factor for late-life memory 

impairment, mild-cognitive impairment, and Alzheimer’s diseases. Emotional symptoms 

following concussion may include irritability, sadness, anxiety, labile emotions and 

depression, apathy, and behavioral dysregulation (Guskiewicz et al., 2005; Joyce et al., 2015; 
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Karr et al., 2019; Kontos et al., 2012; Logan, 2010; Merritt & Arnett, 2014; Piland et al., 

2006). These symptoms are often presented later than the other symptom clusters and usually 

persist longer (Guskiewicz et al., 2007; Yang et al., 2015; Yrondi et al., 2017).  

To evaluate an athlete that may have sustained a concussion, several post-concussion 

scales and assessment tools have been proposed (Eckner & Kutcher, 2010). For example the 

Sport concussion assessment tool 5 (SCAT-5) (McCrory et al., 2017), Post-Concussion 

Symptom Scale (PCSS) (Kontos et al., 2012), Head Injury Scale (Piland et al., 2003), Graded 

Symptom Checklist (Piland et al., 2006), and Rivermead Post-Concussion Symptoms 

Questionnaire (RPQ) (Potter et al., 2006). The SCAT-5 is a side-line assessment tool that can 

be used to evaluate suspected concussion among athletes, the newest version is SCAT-5 

(McCrory et al., 2017) and is thought to be the most widely accepted acute assessment tool of 

a concussion that is currently available (Echemendia et al., 2017). However, to the best of the 

author’s knowledge, factor analysis has not been conducted on the SCAT-5 although factor 

analysis has been conducted on some of the other scales. A four factor model of the Post-

Concussion Symptoms Scale (PCSS) has shown to have empirical support, the factors being 

somatic, sleep, cognitive and emotional (Karr et al., 2019; Kontos et al., 2012; Merritt & 

Arnett, 2014). However, Joyce et al. (2015) only found three factors for PCSS, 

neurocognitive, somatic, and emotional. These three factors have also been reported by 

Piland et al., (2006) and Potter et al., (2006), although Piland factor analysed the Graded 

symptom checklist and Potter the Rivermead Post-Concussion Symptoms Questionnaire 

(RPQ). Studies have shown that post-concussion symptoms do vary over time (Collins et al., 

2014). Studies have supported the four-factor model 1-week post-concussion, the factors 

being cognitive, migraine, emotional and sleep (Collins et al., 2014). Kontos et al. (2012), 

found that 1-week post-concussion symptoms cluster into primary cognitive-fatigue-migraine 

global factors along with secondary emotional, physical, and sleep factors. These results 
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suggest that 1-week post-concussion a more general concussion factor emerges rather than 

specific “subtype”. However, Collins et al., (2014) have proposed that later in the recovery 

process symptoms delineate into different clinical trajectories including cognitive/fatigue, 

vestibular, ocular motor, anxiety, migraine, and cervical symptoms. This individual approach 

to clinical trajectories is thought to help clinical develop a more individualized treatment for 

patients. It is also important to acknowledge, that studies have found that symptoms reported 

by athletes and others are non-specific and have also been reported in individual with other 

injuries such as, orthopaedic injuries, chronic pain syndrome, and psychological problems 

(like anxiety and depression). These symptoms have even been reported by healthy 

individuals (Alla et al., 2012; Gunstad & Suhr, 2001; G. L. Iverson & McCracken, 1997; 

Grant L. Iverson, 2006; Mainwaring et al., 2010).  

Considering that factor analysis has not been conducted on SCAT-5 and that 

symptoms may delineate into clinical trajectories when the concussion injury is less acute, 

the goal of this current study was to determine, in a group of female athletes, if the factor 

structure would be different after the first concussion, the most severe concussion, and 

current post-concussion symptoms  

Method 

Participants  

Participants were Icelandic female athletes (N = 166), aged 17 to 45 (M = 28.34, SD 

= 7.38). They either had or were still training and competing in the top two leagues in 

basketball, soccer, and handball, in the top league in ice-hockey and in national tournaments 

in mixed martial arts (MMA), taekwondo, karate, and boxing.  

Measures 

The symptom scale of the Sport Concussion Assessment Tool 5th edition (SCAT5) 

(McCrory et al., 2017), which is a standard tool used for evaluating concussions symptoms, 
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was used. The SCAT-5 symptoms scale contains 22 concussion symptoms and answers are 

given on a 7-point Likert scale (0 – 6), 0 being none and 6 being severe. Total symptoms 

reported are calculated by adding the scores for each question (possible range 0 – 132). 

Information about the participants’ age and their concussion history were also gathered.   

Procedures 

The questionnaire was released on the internet on January 26th, 2018, and closed at 

the end of April. The sample was gathered using snowball sampling and individuals within 

the sporting community were asked to distribute the questionnaire. Alongside that, a link to 

the questionnaire was shared on the project’s Facebook page and women suitable for the 

study were encouraged to participate. At the beginning of the questionnaire participants were 

informed about the study and were asked to sign an informed consent. The participants were 

asked to answer questions about their age, sport, and concussion history. Based on Robbins et 

al., (2014), the definition of concussion was given, participants were first asked to report their 

concussion history. The definition of concussion was translated into Icelandic and was as 

follows:  

Some people have the misconception that concussion only happen when you 
black out after a hit to the head or when the symptoms last for a while. In 
reality, a concussion has occurred anytime you have had a blow to the head 
that caused you to have symptoms for any amount of time. These include: 
blurred or double vision, seeing stars, sensitivity to light or noise, headache, 
dizziness or balance problems, nausea, vomiting, trouble sleeping, fatigue, 
confusion, difficulty remembering, difficulty concentrating, or loss of 
consciousness. Whenever anyone gets a ding or their bell rung that too is a 
concussion. (Seichepine et al., 2013) 
 

To that definition was also added “note that a blow somewhere on the body with an 

abrupt force transmitted to the head can be enough to cause a concussion”, which is 

from the Canadian guidelines about sport-related concussion (Canadian Olympic and 

Paralympic Sport Institute Network, 2018, p.1). After the participants were provided 

the definition, they were asked again to estimate their concussion history. This was 
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done to have a more accurate assessment of the women’s concussion history. The 

study protocol was approved by the National Bioethics Committee of Iceland 

(approval no. 17-183-S1). 

Data Analysis 

Data analysis was conducted with SPSS, version 26. Descriptive statistics 

analysis (mean, standard deviation, range, and frequency) was computed for all 

variables in the study. Three separate principal axis factor analysis (FA) were 

conducted for post-concussion symptoms after the first concussion, the most severe 

concussion, and current symptoms. Promax Oblique rotation was used because the 

factors were thought to be dependent. Kaiser-Meyer-Olkin (KMO) measure of 

sampling adequacy, eigenvalues and scree plot data were used to assist with 

interpretation of the factor and structure.  

Results 

Over 90 % of the participants reported experiencing symptoms after their first 

concussion, the most severe concussion, and current post-concussion symptoms (Table 1). 

Almost half of the participants (43.3 %) said that their first concussion was the most severe 

one. Of all the 22 symptoms, “headache” was the most reported symptom after the first (92.6 

%) and most severe concussion (95.3 %), and 50.9 % said that they were currently still 

experiencing headaches. The second most reported symptom after the first concussion was 

“dizziness” (80.7 %) and after the most severe concussion “don’t feel right” (90.7 %). 

Another frequently reported symptom was “fatigue or low energy” which was reported by 

68.0 % after the first concussion, 82.1 % after the most severe concussion and 63.0 % said 

they were currently experiencing “fatigue or low energy”. Only 15.9 % of participants said 

that they had “trouble falling asleep” after their first concussion. However, 39.4 % said that 

they were currently having “trouble falling asleep”. Another frequently reported current 
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symptom was “nervousness or anxiety” (55.5 %), which only 20.3 % participant reported as a 

post-concussion symptom. 

Table 1.  

Frequency of symptoms: first concussion, the most severe concussion and current symptom. 

 First concussion  Most severe 

concussion 

 

 

Current symptoms 

Symptom Yes No  Yes No  Yes  No 

Headache  92.6 % 7.4 %  95.3 % 4.7 %  50.9 % 49.1 % 

“Pressure in head” 67.1 % 32.9 %  75.9 % 24.9 %  36.8 % 63.2 % 

Neck pain 35.7 % 64.3 %  66.3 % 33.7 %  39.4 % 60.6 % 

Nausea or vomiting 51.7 % 48.3 %  70.1 % 29.9 %  14.0 % 86.0 % 

Dizziness 80.7 %  19.3 %  88.4 % 11.6 %  37.2 % 62.8 % 

Blurred vision 49.7 % 50.3 %  65.9 % 34.1 %  22.4 % 77.6 % 

Balance problems 47.6 % 52.4 %  72.1 % 27.9 %  17.0 %  83.0 % 

Sensitivity to light 50.3 % 49.7 %  66.7 % 33.3 %  37.6 % 62.4 % 

Sensitivity to noise 43.4 % 56.6 %  64.7 % 35.3 %  37.0 % 63.0 % 

Feeling slowed 

down 

49.7 % 50.3 %  74.4 % 25.6 %  18.8 % 81.2 % 

Feeling like “in a 

fog” 

39.5 % 60.5 %  54.7 % 45.3 %  10.9 % 89.1 % 

“Don’t feel right” 77.9 % 22.1 %  90.7 % 9.3 %  27.4 % 72.6 % 

Difficulty 

concentrating  

45.1 % 54.9 %  63.5 % 36.5 %  54.5 % 45.5 % 

Difficulty 

remembering 

29.3 % 70.7 %  43.0 %  57.0 %  42.1 %  57.9 % 

Fatigue or low 

energy 

68.0 % 32.0 %  82.1 % 17.9 %  63.0 % 37.0 % 

Confusion 32.2 %  67.8 %  41.9 % 58.1 %  3.6 % 96.4 % 

Drowsiness 50.3 % 49.7 %  58.1 % 41.9 %  41.8 % 58.2 % 

More emotional  26.2 % 73.8 %  44.8 % 55.2 %  32.7 % 67.3 % 

Irritability 28.7 % 71.3 %  42.5 % 57.5 %  38.2 % 61.8 % 

Sadness 21.3 % 78.7 %  46.0 % 54.0 %  29.3 % 70.7 % 
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Nervous or 

Anxious 

20.3 % 79.7 %  45.3 % 54.7 %  55.5 % 44.5 % 

Trouble falling 

asleep 

15.9 % 84.1 %  36.5 % 63.5 %  39.4 % 60.6 % 

No symptoms 1.9 % 98.1 %  1.1 % 98.9 %  6.1 % 93.9 % 

 

Exploratory factor analysis on symptoms after the first concussion 

Principal axis factor analysis (FA) was conducted on the 22 items using Promax 

Oblique rotation (kappa = 4). The Kaiser-Meyer-Olkin measures verified the sampling 

adequacy for the analysis, KMO = 0.76 (“middling” according to Kaiser & Rice, 1974). 

Bartlett’s test of sphericity was significant (p < 0.0001) indicating that the correlation 

structure is adequate for factor analysis. An initial analysis was run to obtain eigenvalues for 

each factor in the data. A four-factor solution was thought to be the best fit for the data, 

accounting for 45.4 % of the variance (Table 2). The scree plot was ambiguous and showed 

inflexions that would justify retaining four to seven factors. Other possible factor solutions 

could account for more of the variance. However, those solutions did not have enough items 

cluster on the same factors (< 3 items).  

Factor 1 includes seven affective/migraine items. Factor 1 had an eigenvalue of 5.09 

and accounted for 23.15 % of the variance. Most items had a high loading on the factor and 

low on others, however, the item “sensitivity” to light had a correlation under 0.4 (r = 0.36). 

The communalities ranged between 0.28 to 0.60, the item “pressure in head” had a 

communality under 0.3. The internal reliability was acceptable (a = 0.79). Eight 

somatic/fatigue items clustered on factor 2. Factor 2 had an eigenvalue of 2.20 and accounted 

for 9.98 % of the variance. Most items had a high correlation to the factor and low on others, 

although “feeling slowed down” and “nausea and vomiting” did not have a loading over 0.4. 
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“Pressure in head” did not have a communality over 0.3. The internal reliability was 

acceptable (a = 0.72). 

Four cognitive items clustered on factor 3. Factor 3 had an eigenvalue of 1.41 and 

accounted for 6.39 % of the variance. Most items had a high loading on the factor and three 

items had a low loading on other factors, except confusion which had a high cross-loading on 

factor 4. The communalities ranged from 0.28 to 0.67, “pressure in head” had a communality 

lower than 0.3. The internal reliability was questionable (a = 0.61). Factor 4 includes three 

items that represent vision problems and neck pain. Factor 4 had an eigenvalue of 1.30 and it 

accounted for 5.92 % of the variance. All items had a high loading on the factor and a low on 

other, except “neck pain” (r = 0.34). The same item did not have communalities over 0.3. The 

internal reliability was unacceptable (a = 0.36).  

Table 2.  

Factor loadings and communalities for Exploratory Factor Analysis with Promax Oblique 

(kappa = 4) of 22 items. 

 Factor loadings   

Item  1 2 3 4 h2 

Sadness  0.84 -0.21  0.11 0.63 

More emotional 0.81  -0.22  0.60 

Irritability 0.72 -0.15 0.13  0.51 

“Pressure in head” 0.52   0.22 0.28** 

Nervous or Anxious 0.52 0.12   0.34 

Sensitivity to noise 0.47 0.32  -0.14 0.50 

Sensitivity to light  0.36 0.24 0.24 -0.12 0.43 

Drowsiness -0.12 0.76 0.10 -0.18 0.56 

Headache   0.67 -0.23  0.35 
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Dizziness  -0.33 0.64  0.26 0.49 

“Don’t feel right” 0.18 0.55  0.26 0.41 

Balance problems  0.49  0.18 0.39 

Fatigue or low energy 0.24 0.47 0.17 -0.25 0.51 

Feeling slowed down  0.35 0.20 0.35 0.42 

Nausea or vomiting  0.23 0.18 0.16 0.21** 

Difficulty remembering  -0.11 0.89 -0.12 0.67 

Confusion   -0.12 0.63 0.47 0.63 

Difficulty concentrating 0.26  0.56  0.54 

Trouble falling asleep 0.18  0.43  0.28** 

Blurred vision 0.25  -0.25 0.748 0.55 

Feeling like “in a fog”  0.30  0.65 0.54 

Neck pain*   0.20 0.20 0.34 0.17** 

Correlation between factors a 

I - 0.42 0.33 -0.08 0.79 

II  - 0.42 0.18 0.72 

III   - 0.15 0.61 

IIII    - 0.36 

Note: Factor loading over 0.40 appear in bold. Items marked * have been reversed for 

simplification. Items marked ** do not have h2 over 0.3. 

 

Exploratory factor analysis on symptoms after the most severe concussion 

FA was repeated using Promax Oblique rotation (kappa = 4). The Kaiser-Meyer-

Olkin measures verified the sampling adequacy for the analysis, KMO = 0.74 (“middling” 

according to Keiser & Rice, 1974). Bartlett’s test of sphericity was significant (p < 0.0001) 

indicating that the correlation structure is adequacy for factor analysis. An initial analysis was 
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run to obtain eigenvalues for each factor in the data. A four-factor solution was thought to be 

the best fit for the data, accounting for 50.41 % of the variance. Table 3 shows the results 

from the factor analysis. The scree plot was ambiguous and showed inflexions that would 

justify retaining four to seven factor structure.  Other possible factor solutions could account 

for more variance, however, those solutions did not have enough items cluster on the same 

factors (< 3 items). 

 Factor 1 included five to six affective/fatigue items. Factor 1 had an eigenvalue 6.31 

and it accounted for 28.69 % of the variance. All items had a high loading on the factor and 

low on other factors, despite “difficulty remembering” which had a loading under 0.4 (r = 

0.38) which also has a high cross-loading on factor 3 (r = 0.36). The communalities ranged 

from 0.40 to 0.67. The internal reliability was acceptable (a = 0.78). Six to seven 

ocular/migraine items clustered on factor 2. Factor 2 had an eigenvalue 2.04 and accounted 

for 9.27 % of the variance. All items, except “confusion”, had a high loading on the factor 

and low on others. The item “confusion” had a low correlation to all the factors (r = 0.21) and 

a low communality (h2 = 0.12). The communalities ranged from 0.12 to 0.60, “blurred vision” 

and “feeling like in a fog” also had communality under 0.3. The internal reliability was 

questionable (a = 0.64) However, if the item “confusion” was removed the internal reliability 

improved (a = 0.65).   

 Factor 3 included five cognitive/sleep-related items. Factor 3 had an eigenvalue 1.40 

and it accounted for 6.38 % of the variance. All items had a high loading on the factor and 

low on other factors, although “pressure in head” did not have a loading over 0.4 (r = 0.38). 

The communalities ranged from 0.53 to 0.68. The internal reliability was poor (a = 0.56), 

however, if “trouble falling asleep” was removed the internal reliability improved (a = 0.58). 

Four vestibular/neck pain items clustered on factor 4. Factor 4 had an eigenvalue of 1.34 and 

it accounted for 6.07 % of the variance. All the items had a high loading on the factor and 
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low on other factors. The communalities ranged from 0.49 to 0.63. The internal reliability 

was unacceptable (a = 0.42). However, when “neck pain” was removed the internal 

reliability improved (a = 0.53) 

Table 3.  

Factor loadings and communalities for Exploratory Factor Analysis with Promax Oblique 

(kappa = 4) of 22 items. 

 Factor loadings  

Item  I II III IIII h2 

More emotional  0.90  -0.22 -0.14 0.66 

Sadness 0.69 -0.17 0.13 0.18 0.67 

Drowsiness 0.58 0.11   0.42 

Irritability  0.44  0.16 0.25 0.45 

Fatigue or low energy  0.43 0.35   0.40 

Difficulty remembering 0.38  0.36 0.15 0.47 

Balance problems   0.72 -0.29  0.51 

Dizziness -0.35 0.70 0.16 0.18 0.60 

Headache  0.62  0.22 0.52 

Nausea or vomiting  0.37 0.54  -0.28 0.49 

Blurred vision  0.48 0.24 -0.19 0.31** 

Feeling like “in a fog” 0.18 0.43 0.12  0.31** 

Confusion  0.21 0.13 0.17 0.12** 

Trouble falling asleep -0.14  0.79 -0.20 0.52 

Sensitivity to light  0.15  0.78  0.68 

Difficulty concentrating    0.54 0.40 0.62 

Sensitivity to noise  0.33 -0.14 0.48 0.15 0.53 
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“Pressure in head” 0.36 0.31 0.38 -0.15 0.53 

Neck pain 0.11 -0.11 -0.20 0.77 0.55 

“Don’t feel right” -0.22 0.18 0.16 0.70 0.59 

Feeling slowed down 0.19 0.34 -0.21 0.63 0.63 

Nervous or Anxious 0.40 -0.19  0.47 0.49 

Correlation between factors a 

I - 0.24 0.42 4.1 0.78 

II  - 0.33 0.21 0.64 

III   - 0.41 0.56 

IIII    - 0.42 

Note: Factor loading over 0.40 appear in bold. Items marked ** do not have h2 over 0.3. 

 

Exploratory factor analysis of current symptoms  

FA was repeated the third time using Promax Oblique rotation (kappa = 4). The 

Kaiser-Meyer-Olkin measures verified the sampling adequacy for the analysis, KMO = 0.83 

(“meritorious” according to Keiser & Rice, 1974). Bartlett’s test of sphericity was significant 

(p < 0.0001) indicating that the correlation structure is adequacy for factor analysis. An initial 

analysis was run to obtain eigenvalues for each factor in the data. Six-factor solution was 

thought to be the best fit for the data, accounting for 57.98 % of the variance. The results can 

be seen in Table 4.  

 Factor 1 included five items that are migraine-related. Factor 1 had an eigenvalue of 

5.79 and accounted for 26.33 % of the variance. All the items loaded high on the factor and 

low on others, despite “nausea or vomiting”, which had a high cross-loading (r = 0.46) on 

factor 6. The communalities ranged from 0.50 to 0.63. The internal reliability was acceptable 

(a = 0.75). Factor 2 included four vestibular/cognitive items. Factor 2 had an eigenvalue of 
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1.96 and accounted for 8.91 % of the variance. All the items loaded high on the factor and 

low on other factors. The communalities ranged from 0.50 to 0.64. The internal reliability 

was questionable (a = 0.67). Four anxiety/memory items clustered on factor 3. Factor 3 had 

an eigenvalue of 1.45 and accounted for 6.58 % of the variance. All the items had a high 

loading on the factor and low on other factors. The communalities ranged from 0.49 to 0.56. 

The internal reliability was questionable (a = 0.62).  

 Factor 4 included three mood items. Factor 4 had an eigenvalue of 1.29 and it 

accounted for 5.88 % of the variance. All the items loaded high on the factor and low on 

other factors. The communalities ranged from 0.58 to 0.78. The internal reliability was 

questionable (a = 0.67). Three cognitive/fatigue items clustered on factor 5. Factor 5 had an 

eigenvalue of 1.24 and it accounted for 5.16 % of the variance. All the items had high loading 

on the factor and low on other factors. The communalities ranged from 0.55 to 0.60. The 

internal reliability was questionable (a = 0.64). Factor 6 included three sleep items. Factor 6 

had an eigenvalue of 1.12 and it accounted for 5.10 % of the variance. All the items had high 

loading on the factor and low on others. The communalities ranged from 0.43 to 0.70. The 

internal reliability was poor (a = 0.40), however, if “confusion” was removed the internal 

reliability improved (a = 0.57). 

Table 4  

Factor loadings and communalities for Exploratory Factor Analysis with Promax Oblique 

(kappa = 4) of 22 items. 

 Factor Loadings  

Item 1 2 3 4 5 6 h2 

Sensitivity to light 0.81  -0.14  -0.16  0.58 

Headache 0.79 -0.30   0.22 0.14 0.63 
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Sensitivity to noise 0.69 0.11     0.62 

“Pressure in head” 0.64 0.21  -0.11 0.12  0.61 

Balance trouble   0.77  -0.14 0.23  0.64 

Blurred vision  0.74 -0.22  0.17  0.50 

Dizziness  0.66 0.24 -0.22   0.55 

Difficulty concentrating   0.45 0.20 0.28 -0.21 0.14 0.56 

Nervous or Anxious -0.11  0.76 0.14   0.55 

Irritability    0.63 0.30   0.56 

Difficulty remembering   0.23 0.63  -0.16 0.13 0.52 

Neck pain 0.15  0.50 -0.33 0.24 0.16 0.49 

More emotional  -0.23 0.13 0.87 0.18 -0.12 0.72 

Fatigue or low energy     0.62  0.35 0.64 

Sadness  -0.19 0.50 0.52 0.13  0.58 

Feeling like “in a fog”  0.21  0.11 0.69 -0.12 0.55 

Feeling slowed down     0.69  0.55 

“Don’t feel right”  0.39  0.38 0.47  0.60 

Trouble falling asleep   0.12   0.82 0.70 

Drowsiness  0.18  0.47  0.49 0.67 

Nausea or vomiting  0.42    -0.16 0.49 0.43 

Confusion* 0.35 0.18  0.20 -0.31 0.43 0.50 

Correlation between factors a 

I - 0.44 0.46 0.23 0.21 0.08 0.74 

II  - 0.37 0.42 0.08 0.18 0.67 

III   - 0.27 0.21 0.16 0.62 

IIII    - 0.03 0.20 0.67 
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V     - 0.06 0.64 

VI      - 0.40 

Note: Factor loading over 0.40 appear in bold. Items marked * have been reversed for 

simplification.  

 

Discussion 

The purpose of this study was to determine if the symptoms factor structure of a 22-

item SCAT5 obtained from 166 concussed female athletes would be different after their first 

concussion, their most severe concussion, and their current post-concussion symptoms. The 

results did not show the same factor structure for each occasion. The results supported a 4-

factor structure after the first concussion and the most severe, although they had several 

differences. The factors for the first concussion were (in order of contribution to the overall 

variance) (1) affective/migraine, (2) somatic/fatigue, (3) cognitive, and (4) vision/neck pain, 

whereas the factors after the most severe concussion were, (1) affective/fatigue, (2) 

ocular/migraine, (3) cognitive/sleep, and (4) vestibular/neck pain. The results on current post-

concussion symptoms supported a 6-factor structure, the factors being (1) migraine, (2) 

vestibular/cognitive, (3) anxiety/memory, (4) mood, (5) cognitive/fatigue, and (6) sleep. This 

could indicate that over time when the concussion injury is less acute the symptom cluster 

becomes more define which is in line with previous studies. Kontos et al., (2012) results 

support a four-factor structure 1-week post-concussion, with one primary global factor and 

three secondary factors. However, like Collins et al., (2014) proposed these factors may 

evolve into more specific clinical trajectories which could help clinicians to individualize the 

rehabilitation and a safer return-to-play of athletes. The difference in factors between the 

current study and previous studies, may be because in this study the sample included only 

female athletes but in previous studies the participants are often only male athletes or both 

sexes. The difference could also be explained by the different assessment tools used to 
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evaluate the concussion symptoms, for example factor analysed Kontos et al., (2012) the 

PCSS. It is also interesting to see that there was a difference between studies regarding what 

rotation was used for the factor analysis. In the current study the author thought Promax 

Oblique rotation was most appropriate because the factors may be dependent, however other 

studies have used Varimax rotation indicating that factors are independent (Kontos et al., 

2012; Merritt & Arnett, 2014).   

Several items from the SCAT 5 did not meet the loading criteria for the study, 

although just after the first concussion and the most severe. After the first concussion 4 items 

(sensitivity to light, feeling slowed down, nausea or vomiting, neck pain) did not meet the 

loading criteria. After the most severe concussion different 4 items (difficult remembering, 

confusion, pressure in head, nervous or anxious) did not meet the loading criteria. Several 

items had a high cross-loading on other factors, which may be because the factors are 

dependent, and the symptoms are not exclusive to the one factor.  

This study revealed that the most reported symptom was headache after the first 

concussion (92.6 %) and the most severe concussion (95.3 %) and about 50.9 % of 

participants reported currently having a headache. Although not the same, this is in line with 

previous studies as they reported that 75 % patients had headache 1-week post-concussion 

and about 70 % reported headache one-year post-concussion (Hoffman et al., 2011; McGrath 

et al., 2013). As previous studies reported, little is known about the long-term effects of sleep 

disturbance post-concussion (Kaufman et al., 2001; Pillar et al., 2003; Tham et al., 2015). 

However, these results may indicate that trouble falling asleep may become chronic because 

about 39 % participants reported currently having trouble falling asleep but only 15 % 

reported having trouble falling asleep after their first concussion. Although, about 10 – 35 % 

of the general population are thought to suffer from insomnia symptoms (Ohayon & Partinen, 

2002). Like Guskiewicz et al., (2007; Yang et al., (2015; Yrondi et al., (2017) reported, 
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emotional symptoms often are reported later and have longer persistence, this can be seen in 

the current study, after the first concussion only 20.3 % reported being nervous or anxious 

however 55.5% reported it as a current symptom.  

In this study there are a few limitations that must be acknowledged. First, the athlete’s 

concussion history was self-reported but not based on a diagnosis from a health professional. 

This could have led to an underestimation in the number of sustained concussions. This 

limitation is reported in Robbins et al.´s, (2014) study. However, in the current study this was 

prevented by giving participants the definition of concussion as noted above. Another 

limitation is that the post-concussion symptoms are based on a retrospective review which 

could lead to potential cofounding bias. It could also be considered a limitation that no 

comparative data was gathered, that could have given useful information about symptoms in 

healthy female athletes and how they are different from concussed female athletes. The 

fourth limitation is that results cannot be generalized to a larger population, because the study 

is based on a suitable sample and the participants volunteered to participate. However, the 

results, can give information about how symptoms cluster together differently after the first, 

the most severe concussion, and current post-concussion symptoms. 

Despite these limitations the study does have strengths. All participants received the 

same definition for concussion, which prevented that participants had different knowledge 

about concussion and their concussion history. The sample size was large, as well as it 

included a wide age range and both former and current female athletes in both team-based 

and individual sports. To the best of the author’s knowledge, no other study in Iceland has 

been conducted on female athletes and how post-concussion symptoms evolve.  

 Future studies should investigate further how symptoms evolve into more specific 

clinical trajectories and look at more individualized rehabilitation in combination with the 

symptoms. It would be interesting to do similar research on males to see if the symptoms 
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evolve in a similar manner between the genders because there is evidence that female athletes 

show more persistence post-concussion symptoms (Broshek et al., 2005; Colvin et al., 2009; 

Covassin et al., 2006; Covassin et al., 2007; Dick et al., 2007)   

In conclusion, the post-concussion symptoms that grouped together were not the same 

after the first concussion, the most severe concussion, and current symptoms. That means, 

that although patients present certain types of symptoms after the first and the most severe 

concussion, symptoms do delineate into clinical trajectories when the concussion-injury is 

less acute. These results also indicate that a more individual approach is needed for assessing 

sport-related concussion and by doing that more specific treatments and safe return to play 

for athletes post-SRC. It has been criticized that post-concussion symptoms scales are not 

convenient because they assess non-specific symptoms and symptoms can be found in 

healthy athletes (Alla et al., 2012; Gunstad & Suhr, 2001; G. L. Iverson & McCracken, 1997; 

Grant L. Iverson, 2006; Mainwaring et al., 2010). However, these results do indicate that 

although some symptoms are non-specific and can be frequently reported by the general 

population (like headache, depression, and anxiety), there are more specific symptoms (like 

feeling slowed down and pressure in head).  
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