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Background

• Surgical management of ACL deficiency in children is complex due to risk of physis injury and 

growth disturbance.

• Transphyseal and physis-sparing techniques have good outcomes but there are very few 

comparative studies. 

• This review aimed to compare functional and radiological outcomes of transphyseal (TP) and 

physis-sparing (PS) techniques.



Methods

• Online databases MEDLINE and Embase were reviewed on 3rd September 2024 according to

PRISMA guidelines.

• Clinical studies reporting functional outcomes and/or growth disturbance were included.

Studies reporting on combined or hybrid/partial TP techniques were excluded.

• Leg length discrepancy (LLD) was defined as >10mm and angular deformity (AD) as >5°

difference.

• P-value < 0.05 was considered statistically significant.
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Skeletally mature n= 42

Review / editorial n= 14

Technique / cadaveric study = 9

Case reports n= 11

Abstract only n= 7

Outcome(s) of interest not reported 

n= 24



Number of studies identified (case series + comparative studies) 11 + 5 37 + 5

Total number of patients (n=) 1312 3057

Mean follow-up 3 years 4.4 years

Mean age 12 years 13.4 years *

Leg length discrepancy 3.4% 1.3%*

Angular deformity 1.8% 1.5%

Mean Lysholm scores 93 - 100 84.6 - 98.8 

Mean IKDC scores 94 - 96.5 83.3 - 95.4 

Graft rupture rate 8.1% 6%

Fig 1a: All-epiphyseal

7Ardern CL, et al. JISAKOS 2018;0:1–17. doi:10.1136/jisakos-2018-000200

Consensus statement

Physeal-sparing ACL reconstruction
Physeal-sparing techniques avoid physeal damage in patients 
with markedly open physes. The techniques include an over-
the-top technique with a strip of the iliotibial band (figure 5),53 
and an all-epiphysial procedure (figure 6).54 In the all-epiphysial 
procedures, use fluoroscopic visualisation to reduce the risk of 
physeal damage. When using the over-the-top technique, avoid 
femoral rasping to minimise the risk for damage to the perichon-
dral ring.

Partial transphyseal ACL reconstruction
The partial transphyseal technique (figure 7) combines a trans-
physeal tibial tunnel with a physeal-sparing technique on the 
femoral side.55–57

Surgical principles and techniques for growth disturbance 
risk reduction
Drill hole trajectory and location influence the degree of risk to 
the physes (box 3 and figure 8). Knowledge of three key princi-
ples will help the surgeon minimise the risk to the physes during 
transphyseal ACL reconstruction:

1. Drilling at the periphery of the physis and the perichondral 
ring increases the risk of growth disturbance. Drill holes may 
be placed in an all-epiphysial manner to allow for drilling at 
the native ACL footprint, while avoiding the physis.
Precise tunnel placement is required when performing this 
technique to avoid damage to the undulating distal femoral 
physis.

2. Bone tunnel drill holes should be as vertical as possible 
(while still maintaining anatomic graft position) and 
as central as possible. This is especially important when 
drilling through the anteromedial portal. Drilling an 
oblique tunnel rather than a more vertical tunnel increases 
the amount of physis removed and increases the risk for 
growth disturbance.

3. Do not cross the epiphysis with hardware, implants or bone 
blocks. Fill bone tunnels with soft tissue, rather than leaving 
the tunnels open.

Graft choice and fixation
Only soft tissue grafts (not allografts) should be used for ACL 
reconstruction in paediatric patients with open physes. The 
quadrupled hamstring graft is most common.47–51 A quadri-
ceps tendon graft may be used.56 The patella tendon should not 
be harvested in paediatric patients with open physes to avoid 
damage to the tibial tubercle apophysis. Allografts are not 
indicated in paediatric patients in most cases, since the use of 
allografts in paediatric ACL reconstruction has poor clinical 
outcomes.58–60

‘The use of allografts in paediatric ACL 
reconstruction has poor clinical outcomes.’

A novel technique involving the use of living-donor hamstring 
tendon allograft has been reported49 61 to avoid the varied ster-
ilisation techniques used in cadaveric soft-tissue allografts, and 
preserve of the neuromuscular unit of the growing patient.62 63 
However, long-term clinical outcomes are yet to be assessed.

Extracortical fixation of soft tissue grafts may be performed 
with a cortical button, suture, post or staple. Aperture fixation 
may be performed with interference screws, provided the screws 
do not cross the physis.

Figure 5 Physeal-sparing ACL reconstruction using an over-the-top 
technique with iliotibial band. (A) Anterior view and (B) lateral view.

Figure 6 Physeal-sparing ACL reconstruction using an all-epiphysial 
technique. (A) Anterior view and (B) lateral view.

Figure 4 Transphyseal ACL reconstruction. (A) Anterior view and 
(B) lateral view.
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Fig 1b: Extra-physeal Fig 2: Trans-physeal

*Significant difference 

Results
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Consensus statement

Physeal-sparing ACL reconstruction
Physeal-sparing techniques avoid physeal damage in patients 
with markedly open physes. The techniques include an over-
the-top technique with a strip of the iliotibial band (figure 5),53 
and an all-epiphysial procedure (figure 6).54 In the all-epiphysial 
procedures, use fluoroscopic visualisation to reduce the risk of 
physeal damage. When using the over-the-top technique, avoid 
femoral rasping to minimise the risk for damage to the perichon-
dral ring.

Partial transphyseal ACL reconstruction
The partial transphyseal technique (figure 7) combines a trans-
physeal tibial tunnel with a physeal-sparing technique on the 
femoral side.55–57

Surgical principles and techniques for growth disturbance 
risk reduction
Drill hole trajectory and location influence the degree of risk to 
the physes (box 3 and figure 8). Knowledge of three key princi-
ples will help the surgeon minimise the risk to the physes during 
transphyseal ACL reconstruction:

1. Drilling at the periphery of the physis and the perichondral 
ring increases the risk of growth disturbance. Drill holes may 
be placed in an all-epiphysial manner to allow for drilling at 
the native ACL footprint, while avoiding the physis.
Precise tunnel placement is required when performing this 
technique to avoid damage to the undulating distal femoral 
physis.

2. Bone tunnel drill holes should be as vertical as possible 
(while still maintaining anatomic graft position) and 
as central as possible. This is especially important when 
drilling through the anteromedial portal. Drilling an 
oblique tunnel rather than a more vertical tunnel increases 
the amount of physis removed and increases the risk for 
growth disturbance.

3. Do not cross the epiphysis with hardware, implants or bone 
blocks. Fill bone tunnels with soft tissue, rather than leaving 
the tunnels open.

Graft choice and fixation
Only soft tissue grafts (not allografts) should be used for ACL 
reconstruction in paediatric patients with open physes. The 
quadrupled hamstring graft is most common.47–51 A quadri-
ceps tendon graft may be used.56 The patella tendon should not 
be harvested in paediatric patients with open physes to avoid 
damage to the tibial tubercle apophysis. Allografts are not 
indicated in paediatric patients in most cases, since the use of 
allografts in paediatric ACL reconstruction has poor clinical 
outcomes.58–60

‘The use of allografts in paediatric ACL 
reconstruction has poor clinical outcomes.’

A novel technique involving the use of living-donor hamstring 
tendon allograft has been reported49 61 to avoid the varied ster-
ilisation techniques used in cadaveric soft-tissue allografts, and 
preserve of the neuromuscular unit of the growing patient.62 63 
However, long-term clinical outcomes are yet to be assessed.

Extracortical fixation of soft tissue grafts may be performed 
with a cortical button, suture, post or staple. Aperture fixation 
may be performed with interference screws, provided the screws 
do not cross the physis.

Figure 5 Physeal-sparing ACL reconstruction using an over-the-top 
technique with iliotibial band. (A) Anterior view and (B) lateral view.

Figure 6 Physeal-sparing ACL reconstruction using an all-epiphysial 
technique. (A) Anterior view and (B) lateral view.

Figure 4 Transphyseal ACL reconstruction. (A) Anterior view and 
(B) lateral view.
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Physeal-sparing reconstruction Transphyseal reconstruction

Incidence of Leg Length 
Discrepancy (>1cm)

3.4% vs  1.3%
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Consensus statement

Physeal-sparing ACL reconstruction
Physeal-sparing techniques avoid physeal damage in patients 
with markedly open physes. The techniques include an over-
the-top technique with a strip of the iliotibial band (figure 5),53 
and an all-epiphysial procedure (figure 6).54 In the all-epiphysial 
procedures, use fluoroscopic visualisation to reduce the risk of 
physeal damage. When using the over-the-top technique, avoid 
femoral rasping to minimise the risk for damage to the perichon-
dral ring.

Partial transphyseal ACL reconstruction
The partial transphyseal technique (figure 7) combines a trans-
physeal tibial tunnel with a physeal-sparing technique on the 
femoral side.55–57

Surgical principles and techniques for growth disturbance 
risk reduction
Drill hole trajectory and location influence the degree of risk to 
the physes (box 3 and figure 8). Knowledge of three key princi-
ples will help the surgeon minimise the risk to the physes during 
transphyseal ACL reconstruction:

1. Drilling at the periphery of the physis and the perichondral 
ring increases the risk of growth disturbance. Drill holes may 
be placed in an all-epiphysial manner to allow for drilling at 
the native ACL footprint, while avoiding the physis.
Precise tunnel placement is required when performing this 
technique to avoid damage to the undulating distal femoral 
physis.

2. Bone tunnel drill holes should be as vertical as possible 
(while still maintaining anatomic graft position) and 
as central as possible. This is especially important when 
drilling through the anteromedial portal. Drilling an 
oblique tunnel rather than a more vertical tunnel increases 
the amount of physis removed and increases the risk for 
growth disturbance.

3. Do not cross the epiphysis with hardware, implants or bone 
blocks. Fill bone tunnels with soft tissue, rather than leaving 
the tunnels open.

Graft choice and fixation
Only soft tissue grafts (not allografts) should be used for ACL 
reconstruction in paediatric patients with open physes. The 
quadrupled hamstring graft is most common.47–51 A quadri-
ceps tendon graft may be used.56 The patella tendon should not 
be harvested in paediatric patients with open physes to avoid 
damage to the tibial tubercle apophysis. Allografts are not 
indicated in paediatric patients in most cases, since the use of 
allografts in paediatric ACL reconstruction has poor clinical 
outcomes.58–60

‘The use of allografts in paediatric ACL 
reconstruction has poor clinical outcomes.’

A novel technique involving the use of living-donor hamstring 
tendon allograft has been reported49 61 to avoid the varied ster-
ilisation techniques used in cadaveric soft-tissue allografts, and 
preserve of the neuromuscular unit of the growing patient.62 63 
However, long-term clinical outcomes are yet to be assessed.

Extracortical fixation of soft tissue grafts may be performed 
with a cortical button, suture, post or staple. Aperture fixation 
may be performed with interference screws, provided the screws 
do not cross the physis.

Figure 5 Physeal-sparing ACL reconstruction using an over-the-top 
technique with iliotibial band. (A) Anterior view and (B) lateral view.

Figure 6 Physeal-sparing ACL reconstruction using an all-epiphysial 
technique. (A) Anterior view and (B) lateral view.

Figure 4 Transphyseal ACL reconstruction. (A) Anterior view and 
(B) lateral view.
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Physeal-sparing ACL reconstruction
Physeal-sparing techniques avoid physeal damage in patients 
with markedly open physes. The techniques include an over-
the-top technique with a strip of the iliotibial band (figure 5),53 
and an all-epiphysial procedure (figure 6).54 In the all-epiphysial 
procedures, use fluoroscopic visualisation to reduce the risk of 
physeal damage. When using the over-the-top technique, avoid 
femoral rasping to minimise the risk for damage to the perichon-
dral ring.

Partial transphyseal ACL reconstruction
The partial transphyseal technique (figure 7) combines a trans-
physeal tibial tunnel with a physeal-sparing technique on the 
femoral side.55–57

Surgical principles and techniques for growth disturbance 
risk reduction
Drill hole trajectory and location influence the degree of risk to 
the physes (box 3 and figure 8). Knowledge of three key princi-
ples will help the surgeon minimise the risk to the physes during 
transphyseal ACL reconstruction:

1. Drilling at the periphery of the physis and the perichondral 
ring increases the risk of growth disturbance. Drill holes may 
be placed in an all-epiphysial manner to allow for drilling at 
the native ACL footprint, while avoiding the physis.
Precise tunnel placement is required when performing this 
technique to avoid damage to the undulating distal femoral 
physis.

2. Bone tunnel drill holes should be as vertical as possible 
(while still maintaining anatomic graft position) and 
as central as possible. This is especially important when 
drilling through the anteromedial portal. Drilling an 
oblique tunnel rather than a more vertical tunnel increases 
the amount of physis removed and increases the risk for 
growth disturbance.

3. Do not cross the epiphysis with hardware, implants or bone 
blocks. Fill bone tunnels with soft tissue, rather than leaving 
the tunnels open.

Graft choice and fixation
Only soft tissue grafts (not allografts) should be used for ACL 
reconstruction in paediatric patients with open physes. The 
quadrupled hamstring graft is most common.47–51 A quadri-
ceps tendon graft may be used.56 The patella tendon should not 
be harvested in paediatric patients with open physes to avoid 
damage to the tibial tubercle apophysis. Allografts are not 
indicated in paediatric patients in most cases, since the use of 
allografts in paediatric ACL reconstruction has poor clinical 
outcomes.58–60

‘The use of allografts in paediatric ACL 
reconstruction has poor clinical outcomes.’

A novel technique involving the use of living-donor hamstring 
tendon allograft has been reported49 61 to avoid the varied ster-
ilisation techniques used in cadaveric soft-tissue allografts, and 
preserve of the neuromuscular unit of the growing patient.62 63 
However, long-term clinical outcomes are yet to be assessed.

Extracortical fixation of soft tissue grafts may be performed 
with a cortical button, suture, post or staple. Aperture fixation 
may be performed with interference screws, provided the screws 
do not cross the physis.

Figure 5 Physeal-sparing ACL reconstruction using an over-the-top 
technique with iliotibial band. (A) Anterior view and (B) lateral view.

Figure 6 Physeal-sparing ACL reconstruction using an all-epiphysial 
technique. (A) Anterior view and (B) lateral view.

Figure 4 Transphyseal ACL reconstruction. (A) Anterior view and 
(B) lateral view.
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Conclusions

• Both transphyseal and physeal-sparing reconstruction techniques result in similar patient reported 

outcomes

• No significant differences in risk of limb-length discrepancy, angular deformity, or graft rupture 

rates. 

• Patients who undergo physeal-sparing reconstruction are generally younger, thus more susceptible 

to growth-related complications post-surgery. 

• Larger comparative studies with age-matched cohorts are required to investigate further. 


