
Introduction
Rupture of the anterior cruciate ligament (ACL) was once 
considered rare in the pediatric population; however, they are 
now being  seen w ith  increas ing  f requenc y.  R ecent 
epidemiological data from the US have suggested a 3-fold 
increase in the incidence of ACL injury in the skeletally 
immature between 1990 and 2009. This has been reported due to 
dramatic increase in youth competitive activity, early sport 

specialization, and year-round training [1].
Simultaneous bilateral ACL injuries are a rare injury pattern 
within the literature. There is not a consensus on management of 
these injuries; however, it has been shown in the adult population 
that simultaneous repair is a safe and cost-effective approach to 
management [2]. Treatment strategies for ACL injuries in the 
skeletally immature have developed, with reluctance to employ 
conventional techniques used successfully in adults due to risk of 
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Introduction: Simultaneous bilateral anterior cruciate ligament (ACL) ruptures are rare, especially in the pediatric population, with very 
limited evidence. We aimed to review the current literature and present a case study of an adolescent patient who underwent bilateral 
reconstruction with hamstrings autograft in a single-stage with a partial transphyseal “all-inside” technique.
Literature Review: The limited evidence reports that the incidence of growth disturbance following ACL reconstruction in the skeletally 
immature is 2.6% with no significant difference between a partial transphyseal and an all-epiphyseal technique. Regarding graft choice in the 
skeletally immature, no significant difference has been found in function using hamstrings versus bone-to-bone patella autograft. The all-inside 
technique has shown good outcomes in the skeletally immature with no cases of growth disturbance observed in the literature reviewed. Patients 
spend less days in hospital and return to sport sooner following simultaneous reconstruction versus staged.
Case Report: A 15-year-old male footballer underwent simultaneous reconstruction of bilateral ACL ruptures through a partial transphyseal 
“all-inside” technique with hamstrings autografts. He began physiotherapy according to local protocol and was discharged from hospital on Day 
4 post-operative. He returned to competitive sports 11 months postoperatively with no intraoperative or post-operative complications.
Conclusion: This case suggests that bilateral simultaneous ACL reconstruction is a safe management strategy in the rare case of bilateral 
ruptures in the skeletally immature, which adds to the evidence base. The number of required hospital stays was reduced and there was return to 
sport in a comparative time frame to unilateral ACL reconstruction rehabilitation.
Keywords: Anterior cruciate ligament, bilateral, all-inside, adolescent, pediatric, knee.

Abstract

Learning Point of the Article:
Simultaneous bilateral ACL reconstruction is a viable treatment option in the adolescent patient.
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physeal damage. Fabricant et al. [3] have shown several physeal-
sparing and transphyseal techniques producing good functional 
outcomes and low complication rates.
There is currently no evidence reporting bilateral simultaneous 
ACL reconstruction using hamstrings autograft and an “all-
inside” technique; however, the “all-inside” partial transphyseal 
technique has reported good subjective and objective clinical 
outcomes [4]. We report a case of a 15-year-old male who 
underwent delayed reconstruction of bilateral ACL ruptures 
with such a strategy.

Literature Review
Management of the unstable knee following ACL injury is 
important, particularly in the skeletally immature patient, as 
recurrent instability can lead to chondral and meniscal injury, 
predisposing to osteoarthritis [5]. While ACL reconstruction 
treats rotational instability and decreases incidence of future 
intra-articular wear, surgery in the skeletally immature carries 
risk of complications relating to disturbance of the physis 
including leg length discrepancy, angular deformity, or tibial 
recurvatum. Different surgical techniques have been described 
and an overall reported rate of growth disturbance after ACL 
reconstruction of 2.6% with no significant difference between 
transphyseal and all-epiphyseal techniques [6].
While some studies have demonstrated magnetic resonance 
imaging (MRI) evidence of physeal disruption, there is no 
proven evidence of disturbance of growth with a transphyseal 

technique when compared to all-epiphyseal [7]. Kocher et al. 
[8] suggested that distance of the graft fixation from the physis 
was significant in the low occurrence of growth disturbance.
Reported outcome scores for both all-epiphyseal and 
transphyseal techniques have been shown to be equivocal [8]. 
In Longo et al. [6] systematic review, the mean Lysholm score in 
the transepiphyseal group was 96.8 and all-epiphyseal group 
was 95.7.
Various graft types have been reported with hamstring autograft 
most reported. Alternatives are hamstrings allograft and bone-
to-bone patella autograft. The type of graft used has not been 
shown to influence outcome of ACL reconstruction in the 
skeletally immature and there has been analysis of RCTs 
showing that hamstrings autograft results in similar restoration 
of knee function when compared with bone-to-bone patella 
autograft [9, 10].
The all-inside partial transphyseal technique has shown positive 
subjective and objective clinical outcomes in the skeletally 
immature [4]. There were no cases of growth disturbance 
reported. Some studies have suggested that screw fixation has 
superior biomechanical outcomes when compared with 
suspensory fixation in ACL reconstruction; however, other 
studies have shown this not to be the case [11,12]. Suspensory 
fixation carries a lower risk of physeal damage and growth 
disturbance when compared with screw fixation [13]. Studies 
have compared the used of fixed versus adjustable loop devices 
for suspensory fixation and showed that there was no significant 
difference in functional outcome or graft failure rates at 2 years 
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Figure 1: Pre-op rupture of anterior cruciate ligament from intra-
operative imaging.

Figure 2: Post-operative anterior cruciate ligament reconstruction with 
hamstrings autograft in situ right knee.
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follow-up [13].
When managing bilateral ACL ruptures, it has been shown that 
there is no clinical difference in outcome when patients’ 
underwent simultaneous reconstruction versus a staged 
reconstruction [10]. This case series suggests that simultaneous 
repair is a safe, reproducible, and cost-effective way to manage 
these rare injuries. In total, patients’ spent less days in hospital 
and returned to work and sport sooner than having a staged 
reconstruction. This study was limited by the low numbers 
involved and the patient group was skeletally mature, making it 
difficult to draw comparisons. There is, however, a lack of 
evidence supporting simultaneous reconstruction in the 
skeletally immature, hence the premise for this report.

Case Report
A 15-year-old male footballer was referred to the tertiary 
pediatric orthopedic service 18 months after sustaining 
bilateral ACL injuries (separate events, 3 months apart). He 
underwent MRI imaging, demonstrating disruption of the ACL 
bilaterally. The case was reviewed at the local multidisciplinary 
team meeting for soft-tissue knee and the patient was offered 
simultaneous repair. At 36 months post-injury, he underwent 
bilateral simultaneous repair using an “all-inside” partial 
transphyseal technique and hamstrings autograft.
He began physiotherapy according to the local standardized 
ACL rehabilitation protocol and was discharged from inpatient 
care after 4 days. He received weekly face to face physiotherapy 
and was reviewed by the operating clinician at 3 months, 6 
months, and 12 months postoperatively. He attained his 
rehabilitation milestones and returned to competitive sports 11 
months post-operative, which was comparable to the evidence 

for skeletally immature patients who have undergone unilateral 
ACL reconstruction [14]. He has had no recurrence of knee 
pain, stiffness, or symptoms of instability.

Operative technique
The technique described is a partial transphyseal all-inside ACL 
reconstruction technique using Arthrex® Endobutton® fixation. 
Ipsilateral semitendinosus autograft was harvested, prepared 
with whip-stitch, quadrupled over two tightropes and pre-
tensioned. Knee arthroscopy was performed with standard 
medial and lateral portals. Arthroscopy demonstrated bilateral 
ACL complete tears with fatty infiltration but no other injury to 
the posterior cruciate ligament, the menisci, or osteochondral 
surface. The femoral tunnel was drilled entirely epiphyseal into 
the lateral femoral condyle and the tibial tunnel was drilled from 
outside to in. No transphyseal screw was used. The graft was 
fixed using Endobuttons® at the desired tension. The knees were 
cycled multiple times and final satisfactory position of the ACL 
graft was noted. The graft diameters were 8 mm on the left and 
8.5 mm on the right. The tibial tunnels were 9 mm diameter 
bilaterally and the femoral tunnels were 9 mm on the right and 
8.5 mm on the left.
Fig. 1, 2, and 3 demonstrate the pre-op imaging of one of the 
ruptured ACLs and both post-operative reconstructed ACLs 
with hamstrings autograft.

Rehabilitation protocol
Postoperatively, the patient was commenced on a local ACL 
protocol used in both adolescents and adults. This began day 1 
post-operative as follows:

Phase 1 (from day 1)
• Weight bear as able (WBAA)
• Goals: Reduce inflammation, gain full extension, promote 
distal circulation, gradually regain range of motion (ROM), 
increase confidence, and promote early mobility.

Phase 2 (from week 1)
• Ideal criteria before progressing to this phase: Full active and 
passive extension and mobilize independently with/without 
aids.
• Goals: promote early function, increase ROM, encourage full-
weight-bearing (FWB), and improve muscular control.

Phase 3 (from week 2)
• Ideal criteria before progressing to this phase: Minimal 
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Figure 3: Post-operative anterior cruciate ligament reconstruction 
with hamstrings autograft in situ left knee.
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discomfort, FWB, straight leg raise with no lag, range 0–100
• Goals: progress functional activities, prevent anterior knee 
pain, prevent scar adherence and joint stiffness, restore normal 
gait pattern, promote appropriate muscle strength, power and 
endurance, improve proprioception, maintain cardiovascular 
fitness, and encourage compliance with rehab.

Phase 3 (from week 6)
• Ideal criteria before progressing to this phase: Normal, 
symmetrical gait, full active ROM, no/minimal effusion, single 
leg squat (SLS) >80% parity, clam 10 reps with 10 s hold, and 
plank 30 s hold.
• Goals: Promote appropriate strength, power and endurance 
based on indiv idual  need,  improve neuromuscular 
performance, and increase confidence.

Phase 4 (from week 12)
• Ideal criteria before progressing to this phase: SLS 60, 5 s hold 
with good alignment
• Goals: Sport specific function.

Phase 5 (from week 16)
• Ideal criteria before progressing to this phase: as phase 4
• Goals: Ongoing sport-specific function.

Phase 6 (from week 20)
• Ideal criteria before progressing to this phase: Tuck jump 60% 
quality or more, 5 RM >80% parity, and hop for distance >80% 

parity
• Goals: Prepare neuromuscular and psychological ability to 
return to unrestricted function.

Phase 7 (from week 24)
• Ideal criteria before progressing to this phase: all tests >90% 
parity
• Goals: Unrestricted confident function, injury prevention.

Conclusion
This case demonstrates that bilateral simultaneous ACL 
reconstruction is an effective management strategy in the 
skeletally immature. It reduced the number of inpatient hospital 
stays from 2 to 1 and facilitated a return to competitive sport at 
11 months postoperatively, no different to the rehabilitation 
period for unilateral reconstruction. This relied on a 
physiotherapy service able to provide regular face-to-face 
contact, which may not be the case in other centers within the 
NHS. Further, research is required with greater numbers to 
draw any conclusions on complication rates.

Clinical Message

This case demonstrates that bilateral simultaneous ACL 
reconstruction with the described technique is a viable treatment 
option in the adolescent patient. The patient returned to sport 11 
months postoperatively, equivalent to quoted timeframe for a 
unilateral ACL rehabilitation.
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