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Summary

ACL injuries are a severe injury of the paediatric and adolescent knee, which increase 
the risk of further damage and early onset osteoarthritis. ACL reconstructions in 
this population are associated with high risks of re-injuries. Current evidence on 
treatment is still low. The aim of this thesis was therefore to gain evidence for day-
to-day practice for children and adolescents with ACL injuries. This thesis can be 
divided in three topics related to paediatric ACL injuries: (1) current state of care , (2) 
diagnostics and predictors and (3) outcome measures and rehabilitation.

Current state of care 
Treatment of ACL injuries in children and adolescents with open growth plates is a 
matter of debate within paediatric orthopaedic and sports medicine community. 
There are many different treatment algorithms, although the underlying evidence 
is still low. In order to gain insight in the current state of care for paediatric ACL 
injuries in the Netherlands, in Chapter 2 a survey was conducted among members 
of the NVA (Nederlandse Vereniging voor Arthroscopie). A total of 126 responses 
were analysed on treatment of skeletally immature patients. The main finding of 
this survey is that 78% of the respondents tend to treat children with open physes 
non-operatively, while 65% tend to treat children with closed physes operatively. 
The most frequently performed operative procedure in skeletally immature patients 
is the transphyseal ACL reconstruction. Many considerations, such as concomitant 
meniscal injury and type of sports participation, were involved in choosing operative 
treatment. The postoperative follow-up period varied from less than 1 year (24%) 
until skeletal maturity (27%). In conclusion, this survey showed that the current 
state of care for paediatric ACL injuries is variable and many surgeons treat skeletally 
immature patients with ACL injuries in the Netherlands.

Diagnostics and predictors
Diagnosing ACL injuries in children is more difficult compared to adults. This difficulty 
might be due to a greater physiological laxity, a lack of cooperation during physical 
examination and a more varied differential diagnosis in this age category. There is 
however limited evidence of the diagnostic values of history taking and physical 
examination related to paediatric ACL injuries. In Chapter 3, the diagnostic values 
of history taking, physical examination and KT-1000 arthrometer were evaluated in 
a prospective, diagnostic study on 66 children and adolescents with post-traumatic 
knee complaints. During history taking by an experienced orthopaedic surgeon, 
report of a ‘popping sensation’ had a specificity and PPV of 100% for diagnosing 
ACL injuries in children and adolescents. This question is therefore useful for early 
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referral to an orthopaedic surgeon. Physical examination tests (Lachman, anterior 
drawer and pivot shift tests) have a high diagnostic values when performed by an 
experienced orthopaedic surgeon. Absolute anterior translation of ≥7mm in the KT-
1000 arthrometer has the highest diagnostic values of all tests.

Most common used autograft for ACL reconstruction in children and adolescents is 
hamstring tendon autograft. There are concerns however that the tendons might be 
too small to create a graft with adequate dimensions. In Chapter 4, the predictability 
of hamstring tendon length and graft characteristics based on anthropometric 
values were studied in 171 children and adolescents. It was found that height was 
a significant predictor of semitendinosus and gracilis tendon length in adolescents 
between 13 and 17 years of age. These outcomes are similar to anthropometric 
predictions in adults. In 75% of the closed socket ACL reconstructions, the 
semitendinosus tendon alone was sufficient to create an adequate graft with a 
minimum diameter of 8mm. Additional use of the gracilis tendon was more often 
necessary in females and shorter patients. 

Re-injuries after ACL injury are high in adolescents compared to adults. Several 
morphological risk factors of the knee are known to be a risk factor for primary 
ACL injuries in children and adolescents and for re-injuries in adults after ACL 
reconstruction. However, there is limited knowledge of knee morphology as risk 
factor for ACL re-injuries after ACL reconstruction in children and adolescents. 
In Chapter 5, in a multi-centre, retrospective, case-control study (n=124), the 
morphological risk factors of the lateral compartment of the knee were evaluated 
as risk factors for re-injuries after ACL reconstruction. The most important finding 
was that the morphological measurements of the lateral compartment of the knee 
were not found to be statistically significant risk factors for ipsilateral graft ruptures 
and contralateral ACL ruptures in children and adolescents. The total re-injured 
population had a significant greater lateral tibial slope compared to controls. Tibial 
slopes of ≥7˚ were associated with re-injuries. Tibial slope could however not be 
identified as discriminative factor for identifying the risk of re-injuries.

Outcome measures and rehabilitation
Patient reported outcome measures (PROMs) are used as subjective outcome 
measure after ACL injury. Adults PROMs are often used for children and adolescents. 
Although adults PROMs are often not validated in a paediatric and adolescent 
population and there are problems concerning comprehensibility. In Chapter 6, an 
overview of the available (validated) PROMs for children and adolescents with knee 
ligament injuries was provided by performing a systematic review. Based on the 
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review, the Pedi-IKDC is the most adequate PROM for children with knee ligament 
injuries. It was reported in literature to be valid, reliable and responsive. The KOOS-
Child might be an alternative PROM for the Pedi-IKDC, but has only been evaluated 
in one study. Adult versions of PROMs are not recommended to be used in children 
and adolescents to measure subjective outcomes.

The HSS Pedi-FABS is advised by the Paediatric ACL Monitoring Initiative (PAMI) to 
assess the activity level in children and adolescent with ACL injuries. The HSS Pedi-
FABS is a brief and simple scale to measure subjective physical activity. In Chapter 7, 
the HSS Pedi-FABS was translated and transculturally validated in Dutch. The Dutch 
HSS Pedi-FABS showed good psychometric properties in a healthy Dutch paediatric 
and adolescent population. Limitations of the current Dutch HSS Pedi-FABS are 
content validity on construct of items reported by professionals. The Dutch HSS 
Pedi-FABS is now available as short and simple physical activity scale for children 
and adolescent for clinical practice and scientific research. 

Current evidence on non-operative treatment and postoperative rehabilitation 
after ACL reconstruction in children and adolescents is low. Rehabilitation protocols 
and return to sport criteria are often based on adult protocols and are therefore 
not developed for specific physiological age categories. In Chapter 8, an overview 
of the available tests and criteria for return to sport after ACL injury and ACL 
reconstruction in children was presented. All identified studies evaluated tests after 
ACL reconstruction. Strength tests, movement quality and PROMs were investigated 
most frequently as prognostic factor. There was very limited evidence of tests and 
return to sports criteria for children and adolescents under 16 years of age. There 
are no recommendations on which specific tests regarding quantity and quality of 
movement should be used based on this review for return to sport testing. Based on 
expert opinion, clearance for return to sport should be based on a physiological age 
specific test battery including strength tests, movement quality during sport-specific 
tasks and (paediatric) PROMS. 

Due to limited evidence on rehabilitation and return to sport clearance in children 
and adolescents, in Chapter 9, a consensus statement was built on (p)rehabilitation 
and return to sport criteria testing by performing a Delphi consensus study among 
20 international paediatric ACL rehabilitation experts. Based on this consensus 
statement, practice guidelines for paediatric and adolescent ACL rehabilitation were 
created which can be used in everyday practice.




