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Introduction

Serious knee injuries are gaining epidemiological 
importance. Especially in childhood, a very signifi-
cant increase in knee ligament injuries, particular-
ly anterior cruciate ligament (ACL) ruptures, can be 
observed (20). Various risk factors are known from 
literature. Boys are overall more frequently affected 
than girls (16), but in game sports girls run a 2- to 
5-fold increased risk of ACL injury (17). In Saxony, 
more than 70 ACL ruptures occur at school each year 
(13). In its current guideline, the German Society for 
Trauma Surgery recommends testing of full sports 

fitness after 6 month and allows knee-impacting 
sports. However, longitudinal studies show a high 
prevalence of re-injury (4), which is associated with 
a significant long-term impact on personal quality 
of life and high costs for care. 

Good preoperative functional status can positive-
ly influence postoperative genesis in adult knee inju-
ries (18, 11). This makes the decline in participation in 
physically active extracurricular activities, e.g. club 
sports (8, 21) and the associated poorer functional 
status of children all the more problematical. 
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 › Problem: Serious knee injuries are gaining epidemiological 
importance. Especially in childhood, a very significant increa-
se in knee ligament injuries, in particular ACL ruptures, can be 
observed. In Saxony alone, more than 70 ruptures of the anterior 
cruciate ligament occur each year as a result of accidents during 
physical education (PE). Six months after surgery, the students 
are normally classified as fully fit for sports and are allowed to 
participate in PE without restrictions. However, the number of 
reinjuries is very high which limits the quality of life of those af-
fected in the long term and places a heavy financial burden on 
insurance companies. 

 › Methods: Therefore the status quo in the rehabilitation of 
schoolchildren after ACL rupture was assessed using a multilevel 
test battery and taking into account known risk factors such as 
gender, motor competence and BMI. 

 › Results: The results show that there are large interindividual 
differences in the funktional outcomes as well as a large discre-
pancy between rehabilitation status and return to physical 
education.

 › Discussion: In order to effectively manage the process of reha-
bilitation and return to school sports, individual information is 
necessary in the multimodal setting. To this end, all those invol-
ved should be sensitized and trained.

 › Hintergrund: Schwere Knieverletzungen erlangen epidemio-
logisch eine zunehmende Bedeutung. Speziell im Kindesalter 
ist ein sehr deutlicher Anstieg von Kniebandverletzungen, ins-
besondere der VKB-Rupturen zu beobachten. Allein in Sachsen 
treten pro Jahr mehr als 70 Rupturen des vorderen Kreuzbands 
als Unfallfolge im Rahmen des Schulsports auf. Sechs Monate 
nach der Operation werden die Schüler im Normalfall als voll 
sporttauglich eingestuft und dürfen uneingeschränkt am 
Schulsport teilnehmen. Die Zahl der Wieder-/Verletzungen ist 
allerdings sehr hoch, was die Betroffenen in ihrer persönlichen 
Lebensqualität langfristig einschränkt und die Versicherungen 
finanziell stark belastet. 

 › Methodik: Im Rahmen der Studie wurde der Status quo in der 
Rehabilitation von Schülern nach VKB-Ruptur mit einer mehr-
stufigen Testbatterie und unter Berücksichtigung bekannter 
Risikofaktoren wie Geschlecht, motorische Kompetenz und 
BMI erfasst. 

 › Ergebnisse: Die Ergebnisse zeigen, dass es große individuelle 
Unterschiede im funktionellen Outcome sowie eine große Dis-
krepanz zwischen Rehabilitationszustand und dem Wiederein-
stieg in den Schulsport gibt.

 › Diskussion: Um den Prozess der Rehabilitation und die Rück-
kehr in den Schulsport effektiv steuern zu können, sind im mul-
timodalen Setting individuelle Informationen notwendig. Dazu 
sollten alle Beteiligten sensibilisiert und geschult werden.
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With regard to BMI, there is evidence that high BMI is as-
sociated with longer rehabilitation duration and poorer func-
tional outcome (15, 5).

Despite the high importance of ACL rupture in childhood, 
especially for long-term participation in sports and exercise, 
no age-specific recommendations exist within rehabilitation 
guidelines to date. Both the German and the American guide-
lines explicitly refer to injury management in adults. The state-
ments on the rehabilitation process in children are deficient 
(7, 25). After completion of the early wound healing phase (3 
months post-surgery), everyday activities should be possible 
again. The release for all loads (e.g. jumps, side steps)is con-
sidered possible in adults after 6 months. In contrast, Beischer 
et al. (2020) reported a 7-fold increased risk of re-injury in 
adolescents with a return to sports after less than 9 months 
(3). Appropriate tests are recommended to monitor the reha-
bilitation process (return-to-sport or return-to-competition 
tests). However, there is an overall lack of evidence-based, in-
dividualized treatment guidelines based on functional knee 
parameters instead of fixed time courses (9). The individual-
ization of the prevention and rehabilitation process requires 
targeted group-oriented diagnostics in a multidimensional 
setting. 

The primary aim of this study is to assess the current stan-
dard in rehabilitation after ACL rupture in children and ad-
olescents in Saxony with the help of quantitative data. The 
secondary aim is to quantify the dependence of rehabilitation 
outcomes on known risk factors, such as gender, motor com-
petence and BMI. All treatment options were included as a  
first step.

Recommendations for the management of the rehabilita-
tion process and the sensitization of all actors involved are 
developed.

 Materials and Methods 

To date, 53 subjects aged 10 to 17 years were examined in coope-
ration with the German Accident Insurance Fund (table 1). From 
2019 to date, all pupils were included  who suffered an ACL rupture 
while attending school and who voluntarily participated in the 
study. Concomitant injuries were not a criterion for exclusion. All 
subjects live in Saxony and go to high school or vocational school. 
Students from both urban and rural areas were included. The study 
received a positive vote from the Ethics Committee at the Medical 
Faculty of Leipzig University (376/18-ek, December 17, 2018).

So far, no difference is apparent between conservatively (cons, 
N=19) and surgically treated subjects (surgery, N=34) with respect 
to all risk factors studied. Usually, the semitendinosus tendon or 
the combination of semitendinosus and gracilis tendons were used 
for ACL reconstruction. 21% of subjects (from a total of 43 subjects) 
participated in physical education (PE) 3 months after treatment, 
another 28% participated after 6 months, and another 25.5% each 
after 9 and 13 months.

The motor tests took place 3, 6, and 12 months after treatment. 
They consist of 3 flexibility tests (shortening of plantar flexors, 
knee extensors and flexors, and hip flexors) and 11 motoric tests 
checking postural control [stance bipedal (bp) and single leg (sl), 
squat bp and sl, mod. star excursion balance test] as well as stabil-
ity during landings (counter-movement-jump bp and sl, tapping, 
repetition-jump, single-leg-hop) and changes of direction (side 
hop) (figure 1). An adaptive test procedure was used with defined 
termination criteria for the test, such as pain, non-fulfillment of 
the criteria or termination by the test person or the legal guardian.

Scoring was done using the limb-symmetry-index and by rank-
ing into the reference values. A total score of 60 points could be 
achieved. Questionnaires were used to record physical activity in 
minutes per week before injury (abbreviated version MOMO (22)) 
and current knee functionality and knee pain (KOOS; German 
translation mod, after (19)) 3 and 6 months after treatment (max-
imum score 100). The collected data were merged and analyzed 
descriptively using Microsoft Excel 2019. SPSS IBM Statistics 27 
was used to first test for normal distribution and plot and removal 
of outliers before further inferential statistical data analysis. Effect 
sizes were expressed in Eta squared for the ANOVAs and Cohen’s d 
for the T-tests and interpreted according to Cohen (6).

 Results 

Due to the Coronavirus pandemic, the studies could not take 
place with all subjects at the planned time points. The num-
ber of subjects included therefore varies. The subjects have 

Anthropometric data with Mean±SD.

N=53
MALE 

(N=18)
FEMALE 
(N=35)

Age (y) 15.07±1.12 15.04±2.01 15.08±1.12

Body height (cm) 167.44±10.64 173.39±12.50 164.38±8.16

Body mass (kg) 68.39±19.99 73.94±24.93 65.54±16.60

BMI 24.04±5.32 24.05±5.82 23.98±5.14

Surgery (N) 34 12 22

Conservative (N) 19 6 13

Table 1

Figure 1  
The motoric test battery with the different test categories.
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an average physical activity level of 4.85±3.31 
h sport/week. 

Between post 3 and post 6, there are improve-
ments in knee functionality (KF) and motor com-
petence. The total KOOS increases significantly 
[Mpost 3= 76.81±12.764, Mpost 6= 84.72±10.377; 
T(24)=-3.209, p=.004, d=-.632]. Differences were 
evident in the subcategories Pain [T(24)=-3.029, 
p=.006, d=-.606], Quality of Life (QOL) [T (24)=-
2.095, p=.047, d=-.419] and Sport and Play [T(24)=-
2.448, p=.022, d=-.490]. 

Subjects achieve a mean motor score (MS) of 
11.03±4.543 points (post 3), 15.68±6.115 (post 6) 
and 14.61±8.290 (post 12). The full score (60) is 
not reached by any subject (Max=34). The MS 
increases significantly from post 3 to post 6 
[T(25)=-4.207, p<.001, d=-.825]. In the subsequent 
period between post 6 and post 12, no signifi-
cant changes in MS are detectable [T(13)=.437, 
p=.669]. There is no relationship between KF 
and MS at post 3 (r=-.030, p=.884), post 6 (r=.207, 
p=.281) and post 12 (r=.179, p=.508).

Influence of Physical Activity on Motor 
Competence and Knee Function
There are no significant differences between low, 
moderate and high activity subjects in terms of 
MS at any time point (figure 2). There is a tenden-
cy for more active subjects to achieve a higher 
MS than less active subjects at all time points. 
At post 6 and post 12, moderately active subjects 
achieve the highest score.

Especially at post 3, high activity subjects 
show a better KF compared to low activity 
subjects (figure 3). The differences are not sig-
nificant. The largest difference between low 
and high activity subjects is observed in the 
Sport and Play subscale at both time points 
(post 3: Mlow activity=50.91±36.44, Mhigh ac-
tivity= 69.54±26.45, F(2,39)=1.309, p=.282; post 
6: Mlow activity= 69.73±22.46; Mhigh activi-
ty=80.36±16.22, F(2,34)=1.263, p=.297). In addi-
tion, there are large differences in Symptoms 
at post 6 (Mlow activity=81.32±14.74, Mhigh 
activity=90.48±10.48). The differences are not 
significant. 

Influence of BMI on Motor Competence  
and Knee Functionality
In terms of BMI, a mean BMI is associated with a higher motor 
level at all time points (figure 4). The difference between the 
individual BMI groups is significant for post 3. The effect size 
is η²=.200 and corresponds to a large effect.

Subjects with a low BMI benefit in terms of KF. At post 6 
this difference is significant (p=.032, η²=.194), which can be ex-
plained by the differences in the Sport and Play (p=.014, η²=.072) 
and QOL (p=.010, η²=.252) subscales (table 2). The differences 
between intermediate and high BMI behave inconspicuously.

Gender Differences in Motor Competence  
and Knee Functionality
In terms of MS, there are no significant differences between 
boys and girls at any time point (figure 5). Figure 5 shows a trend 
towards better motor development in girls at post 12.

In terms of KF the differences between boys and girls are 
significant in the subscales Symptoms (p=.013, d=.853) and Pain 
(p<.001, d=.871) (table 3). The total knee score is also better in 
boys than in girls at baseline. After 6 months, the differences are 
balanced. Girls then score higher, except in the Pain subscale. 
The greatest deficits at post 6 are found in girls and boys in the 
Sport and Play and QOL subscales.

 Discussion 

The aim of the study was to assess the current standard in reha-
bilitation after ACL rupture in children and adolescents and to 
quantify the dependence of rehabilitation outcomes on known 
risk factors. 

The results show that there are large inter-individual differ-
ences in the functional outcomes as well as a large discrepancy 
between rehabilitation status and return to PE. Knee function-
ality (KF) improved at post 6, accompanied by an increase in 
the motor function score (MS), making daily activities 

Figure 2  
Motor function score as a function of physical activity to the different time points; Post 3: 
F(2,37)=1.419, p=.255; Post 6: F(2,34)=2.306, p=.115; Post 12: F(2,15)=13.452, p=.058.

 

Figure 3  
Knee functionality as a function of physical activity to the different time points Post 3: F(2,39)=.772, 
p=.469; Post 6: F(2,32)=.397, p=.676.



ORIGINALIA

206 GERMAN JOURNAL OF SPORTS MEDICINE  73  6/2022

Rehabilitation Process after ACL Rupture

possible again. Nevertheless, none of the test persons shows a 
stable leg axis after 3, 6 and 12 months, because none of them 
completed all individual tests in the necessary quality. Despite 
severe performance deficits, 49% of the subjects participate 
in PE as early as six months after treatment. Given the com-
plex movement requirements in PE and the severely limited 
knee joint stability, the premature return carries a very high 
risk of re-rupture or severe knee injuries of the contralateral 
side. Beischer et al. (2020) refer to a significantly increased 
risk of re-rupture when returning to sports before the ninth  
postoperative month (3).

Related to the motor competence of the subjects, our study 
shows that an intermediate BMI is associated with a higher MS. 
This could be due to muscular protection, which may not be 
fully ensured at low and high BMI. Biological age could provide 
information about a possibly retarded development. Low body 
weight and BMI reduce the risk of intra-articular pathologies in 
the knee joint and improve long-term functional outcomes after 
ACL reconstruction (5). Therefore, low and intermediate BMI 
have a positive effect on the development of mobility-related 
functional abilities (15). Obesity correlated with lower mobiliza-

tion progress (15). Our results show that gender has no influence 
on motor development during rehabilitation. 

Furthermore, we could show that more active subjects show 
a higher MS than less active subjects. This is in line with the 
results of Alshewaier et al. (2017), who showed in their review 
that a higher preoperative motor level positively influences 
the postoperative genesis and functional outcome of patients 
(children and adults) with ACL injury (1). However, the World 
Health Organization’s physical activity recommendations for 
children and adolescents are increasingly rarely achieved (21). 
Sports clubs can help to improve physical performance and re-
silience (12). However, club memberships also decline in these 
vulnerable age phases (8). Therefore, in terms of prevention 
and successful rehabilitation, an increase in physical activi-
ty in children and adolescents must be aimed for. At the same 
time, a prevention program to stabilize the leg axes should be 
used to protect the knee joint. Such programs already exist in 
popular and competitive sports (e.g. FIFA11+ (23)). To enable 
all children to grow up healthy and to live a healthy life in old 
age, prevention programs should also be adapted and imple-
mented for PE in the future. In Canada, the effectiveness of a 

Knee functionality as a function of BMI with Mean±SD.

LOW  
(≤21,2)

INTERMEDIATE (≤26,2)
HIGH  

(>26,2)
STATISTICAL  

SIGNIFICANCE

Post 3

Symptoms 85.84±13.41 75.71±15.52 74.45±23.18 F(2,39)=1.736, p=.190

Pain 84.79±15.71 79.55±16.99 83.28±16.08 F(2,39)=.455, p=.638

Activities of Daily Living 95.36±5.88 91.94±8.62 88.64±19.57 F(2,39)=.976, p=.386

Sport & Play 68.47±29.59 60.09±21.49 52.61±38.36 F(2,39)=.934, p=.402

Quality of Life 60.12±23.33 53.61±17.74 59.29±19.33 F(2,39)=.446, p=.644

Total score 78.92±14.34 72.18±12.56 71.65±18.53 F(2,39)=.989, p=.381

Post 6

Symptoms 88.69±12.45 85.71±12.92 85.39±11.89 F(2,32)=.252, p=.779

Pain 95.76±7.37 87.50±10.83 92.00±6.35 F(2,32)=2.868, p=.071

Activities of Daily Living 98.67±2.05 95.08±8.55 97.21±3.98 F(2,32)=1.246, p=.301

Sport & Play 87.90±15.53 75.00±15.61 65.42±20.83 F(2,32)=4.857, p=.014

Quality of Life 82.15±11.96 66.67±14.65 64.02±16.59 F(2,32)=5.393, p=.010

Total score 90.63±7.79 81.99±10.47 80.81±9.70 F(2,32)=3.850, p=.032

Table 2

Knee functionality as a function of sex with Mean±SD.

MALE FEMALE
STATISTICAL  

SIGNIFICANCE

Post 3 (N=42)

Symptoms 88.27±13.968 73.92±18.037 T(40)=2.606, p=.013

Pain 90.59±9.630 78.38±15.713 T(38.121)=3.108, p<.001

Activities of Daily Living 96.59±8.303 89.79±13.697 T(40)=1.702, p=.096

Sport & Play 62.83±34.508 59.43±28.296 T(40)=.341, p=.735

Quality of Life 64.88±22.212 53.87±18.035 T(40)=1.726, p=.092

Total score 80.63±13.785 71.08±15.073 T(40)=1.990, p=.053

Post 6 (N=35)

Symptoms 85.20±14.816 87.59±10.327 T(33)=-.561, p=.578

Pain 93.38±9.465 90.66±8.580 T(33)=.882, p=.384

Activities of Daily Living 96.75±8.009 97.13±3.550 T(33)=-.191, p=.849

Sport & Play 75.85±23.641 76.79±16.327 T(33)=-.139, p=.890

Quality of Life 69.52±18.945 72.22±14.514 T(33)=-.477, p=.637

Total score 84.14±12.268 84.88±8.743 T(33)=-.207, p=.837

Table 3
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prevention program at a junior high school has 
already been demonstrated (10). To this end, it is 
important to sensitize sports instructors to the 
problem of reintegration into physical education 
after a severe knee injury, to the effect that med-
ical clearance for PE by no means implies that 
the affected person is fully able to exercise. In 
addition, physicians should also be trained in an 
assessment of fitness for PE based on functional  
parameters.

Children with high activity level and low BMI 
benefit in terms of KF. The male subjects show 
good KF already at post 3 compared to the fe-
male subjects who only reach the level of the 
boys at post 6. Boys experience significantly less 
symptoms and pain than girls.

In adults, an active lifestyle leads to a higher 
pain tolerance (24) and in rehabilitation after 
meniscal surgery also to a higher KOOS (18). 
According to our study, the results of Everhart 
et al. (2020) can be transferred to children and 
adolescents with ACL rupture (11). 

The children feel particularly limited in the 
area of sport and play at post 3 and 6, which could 
be due to the complex requirements for the knee 
(including jumping, twisting movements), which 
cannot yet be fulfilled at 6 months, as our results 
of the motor tests show. Other authors also show 
that a return to sports after 6 or 9 months is as-
sociated with deficits in biomechanical param-
eters (14, 2). Fear of re-injury is also considered 
the most common reason for post-surgery lim-
itations (2), which could explain the low scores 
in the Sport and Play subscale. Psychological 
factors should therefore be given greater con-
sideration in the rehabilitation of ACL ruptures.

The low quality of life of the rehabilitation pa-
tients is also striking. More active subjects are 
less satisfied with their quality of life than less 
active subjects. This can be explained by the fact 
that active subjects have a higher demand on 
their functional outcome so that they can con-
tinue their usual sporting activities after reha-
bilitation. For less active subjects, life satisfaction 
may be restored as soon as daily activities are possible.

The correlation of low BMI and high KF could be due to the 
lower external moments that occur with low body mass. 

KF is significantly better in boys than in girls at baseline 
(significant differences in the subscales Symptoms and Pain 
(1)). This could be because girls are more vulnerable to pain 
than boys (26). Therefore, the management of pain should be 
considered especially for girls in the early rehabilitation phase. 
After 6 months, the differences are equalized. Girls then score 
higher, except in the Pain subscale. The better KF could subse-
quently lead to a higher MS. 

 Conclusions 

Overall, the rehabilitation process after ACL rupture in children 
and adolescents is highly individualized and characterized by 
the following aspects:
-  Children with a low BMI and a lack of muscular protection of 

the knee joint should be given more time for rehabilitation, 
especially in the phase of body length growth.

-  Physically active children with an intermediate BMI have the 
best functional outcome. However, after 6 months, training 
progress stagnates in rehabilitation, so they may need to be 
transferred to other motivational structures (e.g. clubs) to pro-
vide effective training stimuli.

-  Pain management should be considered, especially for girls, 
in the early rehabilitation phase.

To increase compliance, rehabilitation should be multimod-
al and involve all actors (physician, rehabilitation manager, 
physio/sports therapist, sports teacher, guardian, patient). To 
effectively manage the process of rehabilitation and return to 
PE, individualized information is necessary in the multimodal 
setting. To this end, all those involved must be sensitized and 
trained. 
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Figure 4  
Motor function score as a function of BMI to the different time points; Post 3: F(2,37)=4,636; 
p=.016; Post 6: F(2,34)=1.673, p=.203; Post 12: F(2,15)=2.184, p=.147.

Figure 5  
Motorfunction score as a function of sex to the different time points; Post 3: T(38)=-.097, p=.923; 
Post 6: T(35)=.194, p=.848; Post 12: T(16)=-1.149, p=.268.
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