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Abstract

Purpose Anterior cruciate ligament (ACL) surgery in the paediatric population has long been a challenge. Non-operative
treatment will result in persistent instability which can lead to chondral and meniscal injuries. The results of primary open
ACL repair are poor. Concerns of growth plate disturbance with transphyseal techniques and issues with relatively small-
diameter grafts in Tanner 1 and 2 patients, which are inadequate, have contributed to these challenges. With advancing
instrumentation, there is renewed interest in ACL repair. The minimally invasive approach of arthroscopic primary ACL
repair retains the native ligament. The objective and subjective outcomes at 2 years are presented.

Methods Paediatric patients, less than 16 years of age, presenting acutely with complete proximal ACL ruptures underwent
direct arthroscopic ACL repair, reinforced by a temporary internal brace, which was subsequently removed after 3 months.
Patient-reported outcome measures including the Lysholm, Tegner and KOOS scores were collected at 6 months, 1 year
and 2 years post-operatively.

Results Twenty patients (age 6—16) completed data at 2 years post-operatively. There were no failures, no complications
and no growth disturbance out to 2 years. The 2-year postoperative outcomes; Lysholm 95 (90-100), Tegner 7 (6-10),
KOOS-Child 96.5 (88.9—100) demonstrated statistically significant improvements following surgery (p <0.001). Objective
measurements with an accelerometer did not demonstrate any significant side-to-side difference.

Conclusion ACL repair for proximal ACL tears in the paediatric population demonstrates the potential for excellent outcomes
at short-term follow-up. This presents an attractive alternative to ACL reconstruction when an adequate ACL remnant permits
direct repair. Our results demonstrate that paediatric ACL repair is safe and effective.

Keywords Paediatric - ACL - Repair - Outcome

Introduction

Paediatric anterior cruciate ligament (ACL) ruptures have
traditionally been perceived as uncommon. With advance-
ments in diagnostic imaging, increased clinical awareness,
and more demanding childhood athletics, the incidence
of ACL tears in the skeletally immature population has
Basingstoke Knee Unit, Department of Trauma increased [3, 5]. Non-operative management of ACL inju-
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ubiquitously lead to persistent instability, functional decline
and subsequent meniscal and chondral injury.

Surgical management of ACL tears in children and ado-
lescents pose unique management challenges. The presence
of open physes, particularly the undulating distal femoral
physis, must be taken into consideration. Further, predicted
growth remaining must be assessed to determine if a physeal
sparing or physeal respecting procedure can be performed.
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These considerations have led to multiple surgical tech-
niques to reconstruct ACL tears that minimise the risk of
growth disturbance, while maximising patient outcomes [16,
21, 32]. Despite this work, no gold standard treatment algo-
rithm or agreed upon graft choice has emerged.

Advancing arthroscopic techniques and instrumentation
have led to a resurgence in interest in primary ACL repair.
Primary arthroscopic ACL repair with modern techniques
and implants has excellent clinical outcomes and these
results are maintained at the mid-term follow-up [6]. There
are practical advantages to this approach including reduced
surgical morbidity and time to recovery [37]. Theoretical
advantages include the restoration/preservation of normal
knee proprioception and biomechanics [8] that may be due
to the preservation of the native ACL and the ability to
restore the ACL to the native femoral footprint.

Augmentation is thought to mitigate pathologic strain on
a ligament repair that can optimise healing, while allowing
for appropriate, early rehabilitation [38]. The purpose of this
study is to report on early clinical outcomes after arthro-
scopic primary ACL repair with internal bracing in a cohort
of skeletally immature patients, while providing an update
to our original surgical technique. The purpose of this study
was to evaluate if this minimally invasive arthroscopic pri-
mary ACL repair, which retains the native ligament, would
result in low rates of re-rupture and failure yielding good
clinical outcomes in the paediatric cohort.

Materials and methods

The study was approved by the institutional review board
of Basingstoke and North Hampshire Hospital (ORTHO-
EVA10). All subjects gave their written informed consent
to participate in this investigation. HRA and NEC ethical
committee approval was not required for this study.

A prospectively maintained database was retrospectively
reviewed to identify all paediatric ACL repairs performed
between January 2014 and May 2017. Patient demographics
were collected to include age, sex, BMI and side of injured
limb. Inclusion criteria included skeletally immature patients
undergoing primary repair for a Sherman 1 or 2 proximal
femoral avulsion ACL tear with excellent ACL tissue qual-
ity defined by having a broad stump with mild interstitial
tearing, with the ability to hold the fixation sutures [31].
Exclusion criteria included patients without pre-operative
data, skeletal maturity, those who had a mid-substance tear
or patients with an injury spectrum outside an isolated ACL
rupture. Patients who underwent an ACL repair with the
addition of another ligament reconstruction, e.g., anterolat-
eral ligament reconstruction were not included in the study.
An inadequate ACL stump remnant, i.e., inadequate tissue
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quantity or quality, on direct visualisation and probing does
also preclude repair.

Primary subjective outcomes, validated for paediatric
patients, were patient-reported outcome measures (PROMs),
which included the Lysholm, Tegner and KOOS-child
scores. These were collected pre-operatively, 1 year and
2 years post-operatively. Primary objective measurements
were scored using the KiRa triaxial accelerometer which
quantitatively assessed the Lachman’s and Pivot shift [1,
17, 27, 36]. Each of these tests was performed three times
on the affected knee and the contralateral unaffected knee.
The average of the three values was taken and the differ-
ence between the two limbs was calculated. Before testing,
the KiRA device was attached to the lateral aspect of the
tibia non-invasively on the skin with a hypo-allergic brace
between the tibial tuberosity and Gerdy’s tubercle by a belt.
This system was wirelessly connected to a tablet with Blue-
tooth where knee motion analysis was conducted. This tool
measures the acceleration of the tibia relative to the femur
for the pivot shift phenomenon (m/s?) and Lachman (mm)
to determine the magnitude of each motion. The KiRA
dynamic accelerometer was performed at final follow-up.
Secondary outcomes included re-rupture, revision and
growth arrest/disturbance rates.

Skeletal maturity was assessed via the presence or
absence of open physes on radiographs and magnetic reso-
nance imaging (MRI) and the Tanner—Whitehouse method
[35]. This involved questions put forward in the clinic
regarding the development of secondary sexual character-
istics which were confirmed in the operating theatre under
general anaesthetic. Coronal plane alignment was assessed
clinically and radiologically with a long leg standing align-
ment radiograph in all patients at preoperative status and
at 1 year postoperatively. Thereafter, radiological assess-
ment was only undertaken if indicated by a change in clini-
cal examination to limit radiation exposure. A transphyseal
ACL internal brace technique (described below) was used in
all cases. All patients were operated on by the senior author.

Surgical technique

ACL repair was considered in all skeletally immature
patients. A transphyseal approach with small-diameter tun-
nels was adopted in all cases within this cohort.

Examination of the ACL was performed. If the tear was
found to be a proximal avulsion or proximal rupture, Sher-
man types 1 and 2, respectively, repair of the native ligament
was performed [31]. Proximal third and mid-substance tears,
Sherman types 3 and 4, were not suitable for repair. The
tissue quality is examined to ensure the stump is of sound
structural integrity and can be satisfactorily approximated to
the sidewall without gapping at the proximal end. The final
decision was based on arthroscopy.
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A passport cannula is passed through the anterome-
dial (AM) portal for suture management. Two high tensile
braided composite looped sutures are passed around the
proximal ACL stump, as a luggage tag-type stitch, with an
arthroscopic suture passing instrument to approximate the
remnant to the sidewall of the femoral condyle. The luggage
lag stitch is passed through the midsubstance of the ACL
remnant.

For Tanner stage 2—4 patients, a 4-mm spade tip beath pin
with an eyelet is passed in a transphyseal fashion to create a
femoral tunnel in the centre of the existing ACL footprint.
For Tanner stage 1 patients, a 2.4-mm wire is passed and
the tunnel is dilated up with a 3.5-mm drill. The spade tip
is then loaded with a passing suture and the looped/folded
end is retained through the passport cannula; while the free
ends, through the eyelet, are passed through the femoral tun-
nel. This single loop is then divided to form two individual
limbs, or shuttling sutures, which are present out of the AM
portal and a simple knot is tied in the free end creating a
“snare” at the end of each limb. The first shuttling suture
is used to feed the two repair sutures, around the proximal
ACL stump, into the femoral tunnel and at a later stage, the
second snare is used to pull up the internal brace. By apply-
ing continuous tension on the repair sutures externally on
the femoral side, the tension can be assessed and optimised
and the sutures can be manipulated on the ACL to a favour-
able position to allow approximation of the ACL stump to
the side wall.

A tibial tunnel ACL reconstruction aiming guide is then
placed into the centre of the ACL footprint on the tibial side
and a 2.4-mm wire is passed followed by a 3.5-mm reamer
for Tanner stage 1 patients via a transphyseal technique. For
Tanner stage 2—4 patients, this tunnel is expanded with a
4.5-mm drill. The reversed end of the 2.4 mm spade tip wire
with the open eyelet is passed retrograde (the eyelet end is
passed) up the tibial tunnel with a passing suture loaded
through the eyelet. This passing suture is retrieved through
the AM portal and the spade tip beath pin is removed. The
second shuttling suture (in situ through the femoral tunnel
and out of the AM portal) is then tied to the tibial passing
suture. The tibial passing suture is then retrieved through
the tibial tunnel. The resulting shuttling suture now passes
through the both the tibial and femoral tunnels and through
the centre of ACL fibres.

The augmentation device used is created with a metal
cortical suspension button and non-biodegradable suture
tape.

The passing suture is used to pass the augmentation
device through the tibial tunnel, knee joint and femoral tun-
nel under a combination of direct and arthroscopic visualisa-
tion. The button is secured against the femoral cortex. This
can be directly viewed with the arthroscope [33]. The ACL
repair sutures are then sequentially tied onto each limb of

the suture tape that is loaded through the button. Tension on
the ACL repair sutures must be maintained during this step.
The free tails are then fed through a bone anchor and secured
onto the anteromedial surface of tibia, distal to the physis at
20° of knee flexion and neutral rotation.

Early full weight bearing was permitted with a full range
of movement. Unloaded active extension and closed chain
activities including use of a stationary bike were targeted in
the early rehabilitation period.

The augmentation device was routinely released in a sec-
ond procedure 3 months after the index surgery to avoid any
possible growth disturbance and this release was performed
by dividing it at its tibial end only. No intra-articular work
was performed. During release, an EUA and second look
arthroscopy of the ACL was performed.

Statistical analysis

Data were analysed using SPSS v.22 (IBM, New York, USA)
and Excel 2010 (Microsoft, Washington, USA). Data were
assessed for normality using the Shapiro—Wilks test and by
visually analysing histograms. All data across all cohorts
were not normally distributed. Descriptive statistics was
calculated before a total of three Friedman tests were con-
ducted, one for each type of questionnaire. A Bonferroni
correction was performed to lower the likelihood of a Type
I error. An adjusted a level was set at 0.017. Post hoc Wil-
coxon signed rank pairwise comparisons with Bonferroni
corrections were also obtained.

Results

A total of 20 paediatric ACL repairs were performed and
completed pre- and post-operative outcome data which met
the inclusion criteria. See Table 1 for demographic data.

Serial radiographs including long leg imaging were
reviewed for the patient cohort and there were no physeal
injuries leading to deformity or leg length discrepancy.

The outcome scores for the Lysholm, Tegner and KOOS-
child activity scales were recorded. The median pre-oper-
ative, 1-year and 2-year post-operative scores are shown
in Table 2. All PROMs showed a statistically significant
improvement at all time points. The KiRA data demon-
strated no significant side-to-side difference with regards to
pivoting and a successful reduction in anterior translation to
within 3 mm of the contralateral uninjured side. The average
Lachman side-to-side difference was 1.2 mm. The average
Pivot shift side-to-side difference was 0.3 m/s>.

At 3 months, a second look arthroscopy was undertaken
and the internal brace released in all 20 patients. During the
arthroscopy, the internal brace was only just visible in four
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Table1 D hic dat.
able cmographic data Mean duration of follow-up

Mean age at time of surgery
Gender

Laterality

Mean duration to surgery

Cases requiring additional surgery

2.73 years (range 2.4-4.3)

12.9 years (range 5-16 years)

Eight males underwent ACL repair
There were 11 right-sided procedures
44.6 days (range 14-78 days)

12 cases (80%) involving additional menis-
cal surgery, of which all were meniscal
repairs

Table 2 Median pre-op and 2-year post-op PROM scores

Pre-op  One-year post-op Two-year post-op p value
Lysholm 40 91.5 95 < 0.001
Tegner 3 (1-4) 7(5-9) 7 (6-10) < 0.001
KOOS 38.5 93.7 96.5 < 0.001

cases (26%). The ACL repair was noted to be healed upon
arthroscopic visualisation and probing in all 20 patients.

There have been no re-ruptures or revision reconstruc-
tions in this cohort study.

Discussion

The most important finding of the present study is that
excellent short-term outcomes can be expected in paediatric
patients with Sherman 1 and 2 proximal ACL tears managed
with direct ACL repair. No revisions or re-ruptures were
recorded in the final cohort at final follow-up. It is clear
from the encouraging early results that repair may play an
important role in paediatric ACL rupture management.

The resurgence of interest in primary ACL repair repre-
sents an exciting step forward in the treatment of this com-
mon and potentially debilitating injury.

Patients who are skeletally immature are thought to have a
generally improved ability to heal from injury and/or surgery
than their skeletally mature counterparts. Murray’s results
support the improved capacity of functional healing of a
ligament after injury and enhanced repair is dependent on
the level of skeletal maturity. Murray et al. has improved our
understanding on how the intra-articular environment affects
the healing capacity of certain ACL tears [23-26, 39—41].

There are several technical advantages of this technique
over other proposed procedures. There is no graft harvest,
which is advantageous as it avoids donor site morbidity.
Concerns of inadequate graft dimensions are also not a
concern [18, 20, 34]. Despite a transphyseal technique, the
femoral and tibial tunnel diameters are much smaller than
a conventional ACL reconstruction. Animal studies have
shown for transphyseal ACL reconstruction, the prevalence
of physeal arrest increases when physeal damage involves
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more than 7% of the total physeal volume [19]. Evidence
from an MRI-based study suggests that less than 3% of the
total physeal volume was damaged when an §-mm tunnel
was drilled across the physis [15]. These small tunnels are
technically advantageous because they obviate the need for
intra-operative fluoroscopic all-epiphyseal femoral and/or
tibial tunnel creation and there is little to no concern about
the obliquity of the tunnel across either physis [4, 30]. With
that said, we prefer to violate the physes in a central position
as possible [9, 11]. We have not experienced any growth
disturbance to date. All paediatric patients undergoing
ACL repair have annual clinical follow-up with serial long
leg radiographs as indicated to ensure deformity does not
develop.

Despite the above advantages, it should be noted that
there is a steep learning curve in performing this procedure.
Paediatric ACL repairs should be performed in centres with
surgeons who have a specialist interest and training in the
management of paediatric knee injuries with the capacity for
regular monitoring post-operatively.

Even with advances in surgical techniques to avoid open
physes, there are factors which are out of the surgeon’s con-
trol. The four-strand hamstring graft is the most common
autograft used and improved clinical outcome is directly
dependent on the diameter of the hamstring graft. Magnus-
sen et al. evaluated hamstring autograft diameter as a predic-
tor for graft failure and its need for revision. Grafts of less
than 7-mm diameter had an overall revision rate of 33% [18].

Augmentation via internal bracing of ligament repairs
about the musculoskeletal system is a new and interesting
concept that has led to favourable early clinical results [2, 7,
22, 28]. Heusdens et al. [12] and Jonkergouw et al. [14] have
published their series of acute ACL repairs and short-term
outcomes demonstrating favourable subjective and objective
scoring with low re-rupture rates, predominantly in an adult
population. Hoogeslag et al. [13] reported a prospective ran-
domised controlled trial comparing the outcomes of ACL
repair with ACL reconstruction and found that dynamic aug-
mented ACL suture repair, utilising the Ligamys system,
was not inferior to the ACL reconstruction group in terms
of subjective PROMs. There was a higher, non-significant,
number of adverse events leading to repeat surgery. This was
for reasons other than revision ACL surgery for re-rupture.
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This dynamic system is a different philosophy to the system
adopted in this series and caution should be used when cre-
ating a 10-mm diameter outside-in tibial socket to accom-
modate the monobloc tibial fixation device in a skeletally
immature patient. The mean age for the repair group was
21 years.

Gagliardi et al. [10] reported the results of a comparative
single surgeon series which followed a cohort of adoles-
cent patients who underwent ACL repair and to compare the
outcomes with those who underwent ACL reconstruction.
They found the cumulative incidence of graft failure in the
first 3 years after ACL repair was 48.8% and the hazard to
failure in the repair group was 10.6 times that of the recon-
struction group. However, the major difference is the sur-
gical technique adopted. A double-bundle repair technique
with two independent femoral drill tunnels and one or two
independent tibial tunnels were created which undoubtedly
would sacrifice the native ACL fibres and footprints. Four
millimetre drill tunnels were created; therefore, the cumula-
tive damage to the underlying footprint would be a concern.
An all-epiphyseal technique was used for skeletally imma-
ture patients. The outcomes were questionnaire based and
dynamic examination with the KT-1000 was only performed
in 9% of the repair cohort.

From a physeal tethering perspective, the amount of force
needed for physeal arrest is 530 N [29] and the ultimate
load to failure of the internal brace is approximately 300 N.
Although the brace should fail prior to the occurrence of
growth disturbance, prophylactic removal of the internal
brace, to keep any potential growth disturbance risk at a
minimum, was performed.

There are several limitations to the study. Despite its
prospective nature, this is currently a short-term follow-up
study; however, long-term longevity of the repair with moni-
toring of growth disturbance continues. Further, almost 50%
of the cohort did not have pre-operative outcome data and,
therefore, were excluded resulting in the small sample size.

The clinical relevance of this study has shown direct ACL
repair in the paediatric population is a surgical safe option
which can be performed to prevent recurrent instability and
chondromeniscal injury.

Conclusion

In conclusion, this surgical technique avoids potential pit-
falls commonly seen with paediatric ACL reconstruction
and has very reliable healing at short-term follow-up. No
growth disturbance, leg length discrepancy or growth arrest
was encountered in this series. High return to athletic and
pre-injury activity level was recorded.
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