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Background  
Sports-related concussions are the most common cause of head injury in adolescents and 
young adults. Typical treatment methods for this injury include cognitive and physical 
rest. Evidence suggests that physical activity and physical therapy interventions can be 
beneficial to decrease post-concussion symptoms. 

Purpose  
The aim of this systematic review was to investigate the effectiveness of physical therapy 
interventions for adolescent and young adult athletes post-concussion. 

Study Design   
Systematic Review 

Methods  
The following databases were utilized for the search: PubMed, CINAHL, Proquest, 
MEDLINE, SPORTDiscus, and SCOPUS. The search strategy focused on athletes, 
concussions, and physical therapy interventions. Data extraction from each article 
included: Authors, subjects, gender, mean age, age range, specific sport, acute or chronic 
concussion, first or recurrent concussion, treatments for intervention and control group, 
and outcomes measured. 

Results  
Eight studies met the inclusion criteria. Six of the eight articles scored seven or higher on 
the PEDro Scale. Physical therapy intervention(s), such as an aerobic intervention or a 
multimodal approach, show improvements in time to recovery and reduction of 
post-concussion symptoms in patients who have had a concussion. Physical activity and 
physical therapy as early as a couple days following injury, is beneficial at decreasing 
post-concussion symptoms, allows for earlier return to play, and/or shorter days to 
recovery, and is considered safe for treating post-concussion symptoms. 

Conclusion  
This systematic review demonstrates that physical therapy interventions including 
aerobic exercise and multimodal approaches have been found to be beneficial in treating 
adolescent and young adult athletes post-concussion. Utilizing aerobic or multimodal 
interventions for this population allows for a quicker symptom recovery and return to 
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sport than traditional treatment of physical and cognitive rest. Future research should 
investigate the superior intervention for adolescents and young adults with 
post-concussion syndrome and determine if a single treatment or a multimodal approach 
is more beneficial. 

INTRODUCTION 

Concussion is a mild traumatic brain injury. Concussion oc-
curs as a result of direct trauma, whiplash, or blast injury 
that causes the brain to move forward and backward. Symp-
toms associated with concussion include headache, dizzi-
ness, vertigo, nausea, fatigue, light and noise sensitivity, as 
well as altered mental status.1,2 The leading cause of head 
injury in adults occurs from car accidents, whereas in the 
younger population (15-24 years old), injury occurs from a 
sport related accident. Of the forty-four million children in-
volved in various sports-related activities, around 3.8 mil-
lion experience a concussion related to sport each year.2 

Emergency department visits due to sport-related concus-
sions increased by more than double between 2001-2012.1,3 

The most common cause of sport-related concussion is 
player to player contact and happens frequently in football 
and ice hockey. Female athletes have a higher incidence of 
concussion compared to male athletes. Athletes who have 
had a prior concussion also have a higher rate of experi-
encing additional concussions.2,4 Adolescent athletes are at 
higher risk of suffering a concussion than adults and may 
also require a longer period of time to recover.5 If an athlete 
is diagnosed with a concussion, they must be cleared by a 
health care professional before returning to play. 
Traditional treatment for concussion includes physical 

and cognitive rest.6,7 Unfortunately, individuals prescribed 
with rest can demonstrate withdrawal from life activities, 
deconditioning, and mental health issues.8 Research is 
emerging that shows the benefit of exercise and early phys-
ical activity after a concussion.2 Specifically, early physical 
activity is advantageous and lower rates of post-concussive 
symptoms are associated with higher levels of physical ac-
tivity and this research states that patients suffering from 
concussion should be encouraged to exercise as tolerated 
1-2 days after concussion and initial rest.2 Individuals with 
a concussion present with varying symptoms and presenta-
tions requiring patient-specific intervention strategies. Ac-
cording to a clinical practice guideline, recommended fre-
quency, intensity, timing, and type(s) of intervention is 
dependent on the severity of a patient’s concussion, their 
level of irritability, and how they respond to treatment. Pa-
tients should also be educated on symptom reporting so 
that interventions can be adjusted resulting in earlier re-
turn to sport.9 

Existing literature suggests that cervical and vestibular 
interventions as well as sub-symptom threshold exercise 
may be beneficial for individuals 24-48, hours after con-
cussion. Aerobic exercise has been shown to improve au-
tonomic nervous system function suggesting that sub-
threshold exercise treatment could be a beneficial 
treatment for concussion. Systematic reviews have shown 
that exercise post-concussion can improve symptom scores 
after concussion and that sub-symptomatic aerobic exer-

cise programs can be more effective in reducing post-con-
cussion syndrome symptoms than traditional standard of 
care.10 

There is a gap in the current literature regarding sports-
related concussions in adolescent and young adult athletes 
and the appropriate interventions for treatment. The aim of 
this systematic review was to investigate the effectiveness 
of physical therapy interventions for adolescent and young 
adult athletes post-concussion. 

METHODS 

This systematic review was registered with Prospero and 
completed using guidelines from Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA). 
PRISMA is a 27-item checklist based on evidence that fo-
cuses on reporting the impact of interventions in system-
atic reviews and meta-analysis.11 Prospero provides the op-
portunity to determine if a similar review already exists or 
is in the process of being published to prevent unwanted 
duplication.12 The registration ID for Prospero for this sys-
tematic review is CRD42021256465. 

ELIGIBILITY CRITERIA 

In order to be included in this systematic review, articles 
had to meet the following inclusion criteria: be original re-
search, a randomized controlled-trial, include participants 
that were athletes under the age of thirty, have an acute 
or chronic sport-related concussion, and include physical 
therapy intervention(s). Randomized controlled-trial arti-
cles were chosen due to high placement on the hierarchy 
of evidence and to strengthen the results of this systematic 
review. Articles were excluded if they were not of a random-
ized controlled-trial study design, not reported in English, 
or did not fit the inclusion criteria stated. 

SEARCH STRATEGIES 

The following databases were utilized for the search: 
PubMed, CINAHL, Proquest, MEDLINE, SPORTDiscus, and 
SCOPUS. The search strategy focused on three key con-
cepts: athletes, concussions, and physical therapy interven-
tions. After these concepts were identified, similar terms 
were noted, defined, and used in the searches. These terms 
were then utilized in each database and any database-spe-
cific terms such as Subject Heading (SH) or Medical Subject 
Heading (MESH) when relevant. Appendix 1 provides the 
specific search strategies utilized in this search. A hand 
search was completed by looking through the references 
of articles included in this systematic review. The initial 
search was started in March 2021 and the final search con-
cluded in January 2022. 
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STUDY SELECTION 

The total number of abstracts, titles, and full texts from 
the search strategy were divided in half and allocated to 
two teams of two authors. Each title, abstract, and full text 
for each article was assessed independently and screened 
by two separate authors to be reviewed for inclusion in 
the systematic review. If a tie breaker was needed due to a 
disagreement between team members, then a third author 
would serve as a tie breaker. Any duplicates found during 
the search were removed. Cohen’s unweighted Kappa was 
calculated for agreement during the title, abstract, and full 
text review. “Kappa is a measurement that is used to deter-
mine agreement among raters when scores are repeated.”13 

Recommended values for Kappa include: <0.00 is poor 
agreement, (0.01-0.20) is slight agreement among raters, 
(0.21-0.40) is considered fair agreement, (0.41-0.60) is 
moderate, (0.61-0.80) is considered substantial agreement 
among raters, and (0.81-1.0) is almost perfect agree-
ment."13 

RISK OF BIAS IN INCLUDED STUDIES 

Risk of bias assessment for included studies was performed 
by two authors independently and was reviewed for each of 
the articles. If a disagreement was present, a third author 
would serve as a tiebreaker to reach consensus. Risk of bias 
assessment in the included studies was assessed using the 
PEDro scale. The PEDro scale is an appropriate tool to as-
sess the quality of randomized controlled trials. A higher 
score on the PEDro scale indicates a lower risk of bias in an 
article, with the highest score possible being a 10 and low-
est score of a 0. The PEDro scale has 11 criterion but is only 
scored using 10, thus has a score out of 10. One item, the 
item on eligibility, is not counted towards the score because 
it is related to external validity. The PEDro scale does not 
assess external validity or effect size of treatment.14 

DATA EXTRACTION 

Two authors performed data extraction independently. 
Consensus was reached after independent extraction. Data 
extraction included: Authors, subjects, gender, mean age, 
acute or chronic concussion, treatment for intervention 
group versus control group, and outcomes measured. 

RESULTS 
STUDY SELECTION 

The initial search results produced 7,034 titles. There were 
3,253 titles found after all duplicates were removed. Two 
authors screened titles and abstracts and 3,193 articles 
were excluded. A hand search was completed, and two addi-
tional randomized controlled trials were included. After ti-
tle and abstract review, 60 articles were chosen for full-text 
review with an observed kappa value of one and confidence 
interval of one to one demonstrating perfect agreement be-
tween reviewers. Non-randomized control trials were ex-
cluded as well as one ongoing study, which resulted in eight 

articles that fit the inclusion criteria to be included in the 
systematic review. Details of the study selection can be 
seen in Figure 1. 

STUDY CHARACTERISTICS 

Aerobic intervention for the treatment groups was used for 
four of the eight articles, and multimodal intervention for 
the treatment groups was used for the remaining four ar-
ticles. The control groups for each of the articles either 
participated in education, rest, sub-therapeutic exercise, 
placebo, or sham treatment. The outcome measures varied 
throughout the eight studies and included: days from injury 
to recovery, PCSS, PCSI, Health Related Quality of Life, 
Beck Depression Inventory for Youth, Pediatric Quality of 
Life Multidimensional Fatigue Scale, the BESS, ImPACT, 
time to return to play, health and demographic question-
naires, Borg CR10, Rate of Perceived Exertion (RPE), and 
Post Ride Symptom Change Rating. See Table 1 for a de-
scription of the outcome measures that were used in the 
articles included in this systematic review. In total, there 
were 375 subjects that participated in the eight studies 
with 163 females and 212 males. The age range of partic-
ipants included was 11.2-21.2 years old. Four articles in-
cluded subjects who had acute post-concussion symptoms, 
one article included participants with chronic post-concus-
sion symptoms, two articles included participants with both 
acute and chronic post-concussion symptoms, and one ar-
ticle did not indicate severity of concussion. Six of the eight 
articles included participants who have had one concussion 
or a recurrence of concussions while the other two articles 
did not indicate occurrence of concussion. Study character-
istics can be found in Table 2. 

QUALITY ASSESSMENT 

Two reviewers assessed the risk of bias of the eight articles 
included in this systematic review using the PEDro Scale. 
Each of the articles was given a PEDro Scale score, shown 
in Table 3. To evaluate the level of agreement between the 
two reviewers, an unweighted kappa was calculated total-
ing one, (CI = 1:1), which demonstrates perfect agreement. 
Five of the eight articles were of a higher quality relat-
ing to risk of bias compared to the other three included 
articles, with scores ranging from a 5 to a 10 out of 10 
items. Three of the five higher quality articles found sig-
nificant improvements in the treatment groups compared 
to the control groups.20,21,24 Although only three articles 
demonstrated statistically significant results for the treat-
ment group compared to the control group, all articles 
demonstrated improved symptoms with time and there 
were no adverse effects reported with early physical activity 
and therapy. Three of the eight articles had a lower quality 
relating to risk of bias scoring a 3 to 4 out of 10 
items.19,25,26 Criterion 1, 2, 4 and 10 were met by all arti-
cles included in this study. 
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Figure 1. Study Selection.   

RESULTS OF INDIVIDUAL STUDIES (INTERVENTIONS) 

AEROBIC INTERVENTION 

Four of the eight studies included in the systematic review 
used aerobic interventions for the treatment group.19–21,26 

Leddy et al.20 included aerobic exercise on a stationary 
bike or treadmill if available, or walking/jogging outdoors if 
they did not have access to exercise equipment. The aero-
bic exercise would last 20 minutes or until their symptoms 
increased by two or more points from their pre-exercise 
symptom level (based on a 10-point Visual Analogue Scale). 
Participants in the aerobic exercise group recovered in a 
median of 13 days compared to the control group who re-
covered in 17 days (p = 0.009). Leddy et al.21 included aer-
obic exercise such as walking, jogging, or stationary bik-
ing. The aerobic group would exercise for 20 minutes and 
up to 90% of their maximum heart rate achieved on the 
Buffalo Concussion Treadmill Test. They were instructed to 
stop when reaching 90% of their maximum heart rate or 
when they experienced concussion-like symptoms. Median 
days to recovery for the aerobic exercise group was 14 days 
compared to 19 days for the stretching group. Four out of 
43 participants in the aerobic exercise group (9%) had per-
sistent post-concussive symptoms, compared to 12 out of 
39 participants in the stretching group (31%), (p=0.014 with 

Fisher’s exact test). Maerlender et al19 had participants ride 
on a stationary bike with an RPE of 0 - 6 for 20 minutes 
or until they felt uncomfortable. There was no significant 
difference between groups for days of recovery, with a me-
dian of 13 days to recovery for the standard group, and 
15 days to recovery for the exertion group. Micay et al26 

had participants complete eight sessions that progressed 
with duration and intensity using a stationary bike that 
was connected to a heart rate monitor. Each session started 
with a five-minute warm up and ended with a five-minute 
cool down. If symptoms worsened, intervention was termi-
nated. The aerobic exercise group showed greater symptom 
resolution compared to the control group over time, how-
ever there was not a significant difference between groups. 
Independent t-tests were performed for or between-group 
difference in mean time to medical clearance which was 
36.1±18.5 days for the aerobic exercise group and 29.6±15.8 
days for the control group (t(13)=0.03; p=0.87). 

MULTIMODAL INTERVENTION 

Four of the eight studies included in the systematic review 
used multimodal intervention for the intervention provided 
to the treatment group.22–25 Chan et al.22 utilized an active 
rehabilitation program including submaximal aerobic 
training, light coordination, sport-specific exercises, visu-
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Table 2. Study Characteristic   

Intervention group Control Group 

Author Intervention Control Outcome Measure 
Acute vs chronic 

and definition 
N 

Mean Age 
(SD) or 
[Range] 

N 
Mean 

Age (SD) 

Leddy20 Aerobic Exercise on 
bike or treadmill 

Placebo-like stretching 
regimen 

Days from injury to recovery; 
symptom severity score, 

proportion of participants with 
delayed recovery 

Acute, starting 
within 10 days 

52 (24 
females, 

28 
male) 

15.3 (1.6) 

51 (24 
female, 

27 
male) 

15.4 (1.7) 

Leddy, 
Master21 

Aerobic exercise: 
walking, jogging, or 

stationary bike 

Placebo-like stretching 
regimen 

PSCI, days to recovery, 
development of post-concussive 

symptoms 

Acute, 24 hrs-10 
days post-

concussion 
diagnosis) 

61 (23 
females, 

38 
males) 

15.5 (1.4) 

57 (21 
females, 

36 
males) 

15.9 (1.4) 

Chan22 

Aerobic Training: 
coordination 
exercises and 

visualization/imagery 
techniques 

Usual Treatment 
(education about 

symptom management, 
school consultation with 

a hospital affiliated 
teacher who facilitated 

return to school, 
physician consult for 

medication and referral 
for community therapy) 

PCSS, health-related quality of 
life, beck depression inventory for 

youth, pediatric quality of life, 
multidimensional fatigue scale, 
balance error scoring system, 

immediate post-concussion 
assessment 

post-concussion 
symptoms >/= 1 

month; >/= 2 
persistent post-

concussion 
symptoms 

10 (8 
females, 
2 males) 

15.1 
(1.47) 

9 (6 
females, 
3 males) 

15.9 
(1.66) 

Reneker23 

Pragmatically 
designed 

individualized and 
progressive 

treatment plan 

sham, subtherapeutic, 
and non-progressive 

therapeutic techniques to 
minimally progressive 

therapy 

PCSS, time to return to play 

acute (up to 14 
days post 

concussion to 
start treatment) 

22 (14 
males, 8 
females) 

16.5 (2.9) 
19 (11 

males, 8 
females) 

15.9 (2.9) 

Schneider24 

Postural education, 
range of motion 

exercises and 
cognitive and 

physical rest, until 
asymptomatic 
followed by a 

protocol of graded 
exertion. Along with 

cervical spine and 
vestibular rehab 

Same as the intervention 
group except the cervical 

spine and vestibular 
rehab. 

Return to play (days) 
Both, but more 

chronic than 
acute 

15 (11 
males, 4 
females) 

15 
[12-27] 

16 (7 
males, 9 
females) 

16 [7 
males, 9 
females] 
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Intervention group Control Group 

Author Intervention Control Outcome Measure 
Acute vs chronic 

and definition 
N 

Mean Age 
(SD) or 
[Range] 

N 
Mean 

Age (SD) 

Dobney25 

4 components: (1) 
aerobic activity, (2) 
coordination/skill 

practice, (3) 
visualization, and (4) 
education beginning 
2 weeks post injury 

4 components: (1) 
aerobic activity, (2) 
coordination/skill 

practice, (3) visualization, 
and (4) education 

beginning at the standard 
4 week post injury 

PCSI 

Acute. Starting 
either 2 or 4 
weeks after 
concussion 

10 (4 
females, 
6 males) 

15.6 (1.8) 
10 (4 

females, 
6 males) 

14.3 (2.7) 

Maerlender19 

Exertion: Stationary 
bike ride for 20 min 

unless uncomfortable 
for 0-6 on RPE scale 

(mild to moderate 
exertion) 

No physical exertion 
other than walking to 

school or daily activities. 

Recovery length-symptom free 
from bike ride, IMPACT, 

neurocognitive test battery, 
BORG CR10 RPE. 

n/a 
15 (12 

females, 
3 males) 

N/a, 
Collegiate 

athletes 

13 (8 
females, 
5 males 

N/a, 
Collegiate 

athletes 

Micay26 

Aerobic exercise-
progressive intensity/

duration on cycle 
ergometer; 

usual care-rest followed 
by physician advised 

progressions of activity 

Intervention feasibility: symptom 
status pre-post exercise sessions 
and completion of intervention; 

Clinical recovery: symptom status 
at weeks 1,2,3, and 4 post injury 

and medical clearance date using 
self reported symptom severity 

scores on PCSS and days to 
clearance 

acute starting at 
day 6 post injury 

7 (all 
males) 

15.8 (1.2) 
8 (all 

Males) 
15.6 (1.0) 

N=Number of participants; SD=Standard Deviation; PCSS=Post-concussion symptom scale; PCSI=Post-concussion symptom inventory 
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Table 3. Quality assessment using PEDro scale.      

Leddy20 Schneider24 Leddy, 
Master21 Chan22 Reneker23 Dobney25 Maerlender19 Micay26 

Criterion 1 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 2 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 3 No Yes No Yes No No No No 

Criterion 4 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 5 No Yes No Yes Yes No No No 

Criterion 6 Yes Yes No Yes No No No No 

Criterion 7 Yes Yes Yes Yes Yes No No No 

Criterion 8 Yes Yes Yes Yes Yes No No Yes 

Criterion 9 Yes Yes Yes Yes Yes No No No 

Criterion 10 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 11 No No Yes Yes No No No No 

Score 7 9 7 10 7 3 3 4 

1. Eligibility criteria were specified. 2. Subjects were randomly allocated to groups. 3. Allocation was concealed. 4. The groups were similar at baseline regarding the most important prognostic indicators. 5. There was blinding of all subjects. 6. There was blinding of all thera-
pists who administered the therapy. 7. There was blinding of all assessors who measured at least one key outcome. 8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups. 9. All subjects for whom outcome mea-
sures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analyzed by “intention to treat.” 10. The results of between group statistical comparisons are reported for at least one key out-
come. 11. The study provides both point measures and measures of variability for at least one key outcome. 
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alization and imagery techniques, and a home exercise pro-
gram. The active rehabilitation group had a mean ± SD 
change of -24.7±19.1 on the PCSS from baseline to follow-
up. The control group had a mean ± SD change of 
-15.8±12.5 on the PCSS from baseline to follow-up. These 
results were associated with a significant difference be-
tween groups with a Cohen’s d treatment medium effect 
size of 0.55. Reneker et al.23 study’s treatment group re-
ceived manual techniques including soft tissue release, mo-
bilizations, and thrust manipulations, and vestibular re-
habilitation techniques including habituation, adaptation, 
oculomotor control, neuromotor control, and balance exer-
cises. The interventions provided were tailored to each spe-
cific patient’s needs and progressed over time as the pa-
tient’s symptoms would allow. The median number of days 
to post-concussion syndrome (PCS) recovery for the exper-
imental group was 13.5 days and 17 days for the control 
group, with a log-rank of 0.13 representing no statistical 
significance between groups. Schneider et al.24 had partic-
ipants in the treatment group receive cervical spine phys-
ical therapy interventions and vestibular rehabilitation ac-
companied by non-provocative range of motion exercises, 
stretching, and postural education. The cervical spine 
physical therapy interventions included manual therapy of 
the thoracic and cervical spine and therapeutic exercises 
including cervical neuromotor retraining exercises. The 
vestibular rehabilitation was individualized to each person 
and consisted of habituation, gaze stabilization, adaptation 
exercises, standing and dynamic balance exercises, as well 
as canalith repositioning maneuvers. There was a greater 
number of participants that were medically cleared to re-
turn to sport within eight weeks of treatment in the treat-
ment group (11 of the 15 individuals), compared to the 
control group (one out of the 14 individuals). Individuals 
in the treatment group were 10.27 (95% CI 1.51 to 69.56) 
times more likely to be medically cleared to return to sport 
within eight weeks than the participants in the control 
group (p<0.001). Dobney et al25 had participants in both 
the treatment group and control group complete 15 min-
utes on a stationary bike or treadmill, 10 minutes of co-
ordination and skill practice related to sport preference, 5 
to 10 minutes of visualization related to sport preference, 
and education about recovery, coping with post-concussion 
symptoms, and the process of returning to school or sport. 
The only difference between groups was that the treatment 
group started two weeks post-concussion and the control 
started treatment four weeks post-concussion. Participants 
were instructed to discontinue activity if symptoms in-
creased. Post-concussion symptoms improved over time for 
both groups, with no significant difference between the two 
groups. 

OVERALL 

When looking at physical therapy interventions, whether 
it be aerobic interventions or a multimodal approach, the 
included studies show improvements in outcomes of time 
to recovery and reduction of post-concussion symptoms in 
patients who have had a concussion. Four of the studies 
had significant between-group differences. The other four 

did not have significant between group differences but did 
show improvements overall with no significant adverse ef-
fects. 

DISCUSSION 

The aim of this systematic review was to investigate the 
effectiveness of physical therapy interventions for athletes 
post-concussion. There is a gap in the current literature 
regarding sports-related concussions in athletes and ap-
propriate interventions for treatment. This review aims to 
reveal physical therapy interventions to address post-con-
cussive symptoms. Overall, this review demonstrates de-
creased time to recovery and reduced post-concussion 
symptoms when patients receive active physical therapy in-
terventions post-concussion. None of the studies demon-
strated any significant adverse effects from early physical 
activity and physical therapy intervention, indicating that 
this treatment approach is safe for adolescent and young 
adult athletes post-concussion. Physical therapists should 
incorporate physical activity and physical therapy interven-
tions earlier to optimize post-concussion recovery. 
One limitation of this systematic review is that three ar-

ticles were at high risk of bias according to PEDro, including 
Maerlender,19 Micay,26 and Dobney.25 Another limitation is 
that all studies included a small sample size that ranged 
from 15 to 118 total participants. This could result in larger 
effect sizes, decrease the power of the data, and be un-
representative of the population. One article included only 
male participants decreasing the generalizability of the re-
sults.26 Another limitation of this systematic review is that 
the articles reviewed incorporated both acute and chronic 
concussions. By including both, the variation in time to re-
solve symptoms and return to play following the concus-
sion may impact the overall validity and generalizability of 
the results. Because some of the articles included a com-
bination of treatment interventions for athletes post-con-
cussion, this made determining which treatment was most 
effective and beneficial for the participant difficult to deter-
mine. 
One strength of this systematic review is that only ran-

domized control trials were included. Kappa statistics were 
calculated among authors and resulted in perfect or near 
perfect agreement and this review was conducted following 
PRISMA guidelines. Lastly, available articles for this sys-
tematic review are from the year 2014 to present, and at-
tempt to provide the most up to date research on athletes 
with post-concussion syndrome. 
A weakness of this review is the results from the search 

strategy captured physical therapy interventions that were 
similar in nature being either aerobic or multimodal, as 
opposed to a broader spectrum of potential interventions. 
Also, limited evidence is available regarding athletes post-
concussion resulting in only eight randomized control trials 
available for this review. 
There are multiple published systematic reviews that 

present similar findings. One included 14 articles compar-
ing rest and exercise and concluded that exercise was ben-
eficial at improving PCSS score, decreasing symptoms, and 
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Table 4. Outcomes.  

Measured 
Outcome 

Author 

Intervention 
Baseline 
Outcome 
Measure 
Results 

Intervention 
Final 

Outcome 
Measure 
Results 

Control 
Baseline 
Outcome 
Measure 
Results 

Control 
Final 

Outcome 
Measure 
Results 

95% 
Confidence 

Interval 

P Values 
and/or 
Effect 

Size 

PCSS 

Chan22 
51.50 

±27.80 (SD) 
(mean) 

25.00 
±19.40 (SD) 

(mean) 

56.90 
±31.00 

(SD) 
(mean) 

40.30 
±29.40 

(SD) 
(mean) 

- 
Effect size 
of .55 

Micay26 - 
18.80 +4.90 
(SD) (mean) 

- 

10.00 
±6.10 
(SD) 

(mean) 

- 
Effect 
size of 
1.6039 

PCSI 

PCSI-
SR13 for 
Youth 

Dobney25 - 
3 (median) 
(range 0-9) 

- 

2.25 
(median) 

(range 
0-24) 

- - 

Recovery Time (Days) 

Leddy20 - 
13 days 

(median) 
- 

17 days 
(median) 

- p = 0.009 

Reneker23 - 
13.5 days 
(median) 

- 
17 days 

(median) 
(0.95-4.15) - 

Leddy21 - 
14 days 

(median) 
(IQR 10-25) 

- 

19 days 
(median) 

(IQR 
13-31) 

- - 

Maerlender19 - 
15 days 

(median) 
(range 5-61) 

- 

13 days 
(median) 

(range 
6-56) 

- p=0.705 

Return to Sport (Weeks) 

Micay26 - 
36.10± 

18.50 (SD) 
(mean) 

- 

29.60 ± 
15.80 
(SD) 

(mean) 

- 
p = 0.87; 
Effect size 
of .3756 

Amount medically cleared for return to sport within 8 weeks (number of participants) 

Schneider24 - 11 - 1 (40-92.3) 
p = < 
0.001 

Development of Persistent Post-Concussive Symptoms (number of participants) 

Leddy21 - 13 - 18 - p=0.039 

PCSS=Post-concussion symptom scale; PCSI=Post-concussion symptom inventory; SD=Standard deviation. 

decreasing the duration of lingering post-concussion symp-
toms.27 A systematic review that included five articles as-
sessing athletes post-concussion with aerobic training 
demonstrated improvements in post-concussion symp-
toms.3 Along with these, a systematic review by Makdissi et 
al28 also found evidence supporting the importance of in-
cluding physical therapy and aerobic exercise in the treat-
ment of a sports related concussion. This review specifically 
assessed athletes with persistent symptoms, but they found 
evidence that treating the patient’s specific persistent 
symptoms that was beneficial and safe. Lastly, a systematic 
review that assessed mode and intensity of treatment post 
sport-related concussion found that light, moderate, and 
high-intensity levels of exercises can be safe and beneficial 
for patients during treatment. 
The results of this systematic review suggest that phys-

ical therapists should incorporate early physical activity 

and physical therapy interventions into their treatment for 
adolescent and young adult athletes with post-concussion 
syndrome. Practicing therapists should determine the indi-
vidualized impairment(s) present, treat the impairment(s), 
and use symptom reporting as a guideline to return the ath-
lete to sport to ensure proper timing of interventions.8,9 

Due to limitations of this current study, future research 
should investigate the impact of physical therapy interven-
tions for adolescent and young adult athletes status post 
chronic versus acute concussion rather than mixing the two 
and research should be conducted with a larger sample size 
to allow for a more accurate effect size to be calculated. Fu-
ture research should also investigate the superior interven-
tion for adolescents and young adults suffering from post-
concussion syndrome and determine if single treatment is 
more beneficial or if multimodal approach is more bene-
ficial to the participants’ recovery. Lastly, future research 
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should include more randomized controlled trials to im-
prove validity and enhance professional decision making. 

CONCLUSION 

The results of this systematic review indicate that there 
is evidence supporting the use of physical therapy inter-
ventions including aerobic or multi-modal treatments in 
the treatment of adolescent and young adult athletes post 
concussion. The evidence included in this systematic re-
view suggests that aerobic exercise or multi-modal inter-
ventions may lead to quicker recovery and return to sport in 
adolescent and young adult athletes with post-concussive 
symptoms when compared to traditional treatments such 

as physical and cognitive rest. Physical therapists should 
consider incorporation of these interventions into their 
plan of care for this population to allow for quicker recovery 
and return to sport. 
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Table 1. Description of Outcome Measures Utilized.      

Outcome Measures Description 

Balance Error Scoring System (BESS) Measures postural stability and vestibular dysfunction related to return to play.15 

Used primarily in youth, athletes, and patients with a traumatic brain injury.15 

Beck Depression Inventory for Youth Self-reported outcome measure with 21 items ranked on a four point scale to 
assess depression.16 Score >10 is positive for depression which is common in 
athletes.16 Used commonly for Parkinson’s Disease, stroke, spinal cord, and non-
specific populations. 

Post-Concussion Symptom Inventory (PCSI) 26 item self-reported outcome measure for individuals aged 5-18.17 Assess 
cognition, sleep, emotions, and physical domains. 

Post-Concussion Symptom Scale (PCSS) 21 item self-reported outcome measure using a 7 point likert scale. Used to 
determine whether athletes have a concussion or not.17 

Immediate Post-Concussion Assessment 
and Cognitive Testing (ImPACT) 

Online computerized neuropsychological series including patient demographics, 
determine if any of the 22 listed concussion symptoms are present and at what 
severity, and neuropsychological modules to assess attention, memory, processing 
speed, reaction time, sequencing, and learning. Used primarily with the athlete 
population.17 

BORG CR 10 RPE Measures exercise intensity perceived by the patient during exercise and used 
primarily with patients with breathlessness, angina, and musculoskeletal pain.18 

Post Ride Symptom Change Rating Experiential likert scale that ranks perceived exertion after biking.19 
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