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B CHILDREN'S ORTHOPAEDICS
Current concepts of the management of
anterior cruciate ligament injuries in children

Recent reports have suggested an increase in the number of anterior cruciate ligament (ACL)
injuries in children, although their true incidence is unknown.

The prognosis of the ACL-deficient knee in young active individuals is poor because of
secondary meniscal tears, persistent instability and early-onset osteoarthritis. The aim of
surgical reconstruction is to provide stability while avoiding physeal injury. Techniques of
reconstruction include transphyseal, extraphyseal or partial physeal sparing procedures.

In this paper we review the management of ACL tears in skeletally immature patients.

Cite this article: Bone Joint J 2013;95-B:1562-9.

Mid-substance injuries of the anterior cruciate
ligament (ACL) in children and adolescents
were traditionally thought to be rare,' but a
number of recent studies suggest that their inci-
dence is increasing.”? Possible explanations
include raised awareness of the injury,
improved imaging techniques, more demand-
ing sporting activities in the young,> as well as
the increase in obesity leading to increased
stresses on the knee ligaments.

Treatment is directed towards restoring sta-
bility to the knee while minimising the risk of
secondary meniscal and physeal injury from
surgery. It used to be thought that surgery
should be delayed until skeletal maturity to
prevent violation of the physes and consequent
disturbance of growth. It is now generally
accepted that operative intervention gives a
better functional outcome.*’ However, in a
recent systematic review, Moksnes et al® found
that studies promoting surgery had widespread
methodological flaws. In this paper we review
the natural history of ACL injuries in children,
as well as their diagnosis and management.

Incidence

There is little information about the incidence
of ACL injuries in childhood: the reported
rates are mostly drawn from retrospective
reviews of children with an acute haemarthro-
sis or from insurance data.” Retrospective
reviews of 186 acute haemarthroses of the
knee revealed rupture of the ACL in
96 patients (52%).5" Micheli et al'? noted an
increase in reconstructive surgery of the ACL
as time progressed; however, this may have
been due to a lower threshold for intervention,

or to a higher rate of detection. Shea et al”
reviewed 8215 injury claims from an insurance
company that specialised in football injuries,
and found that 22% of these involved the
knee; of those, 31% were injuries to the ACL.
However, insurance claims may not reflect the
true incidence, as few sports injuries result in
an insurance claim and up to 30% of ACL
tears do not occur while playing sport.'3
Several authors have reported that young
female athletes are at a greater risk of sustain-
ing ACL injuries, with a rate three to seven
times that of male athletes.'*1 It has been sug-
gested that the reasons for this include differ-
ences in joint laxity, hormones, anatomy
(narrow notch width), neuromuscular function
and training.” Myklebust et al'” found that
50% of ACL ruptures in elite female athletes
occurred during the menstrual phase of their
cycle; this, however, conflicts with the findings
of Woijtys et al,'® who found that athletes were
most susceptible during the ovulatory phase.

Classification

In skeletally immature patients the collagen
fibres of the ACL form a strong connection
between the ligament, the perichondrium and
the epiphyseal cartilage. The ACL is relatively
stronger than the underlying cancellous bone
of the unossified tibial eminence. As the patient
ages this pattern is reversed, and weaker
Sharpey’s fibres link the ligament and the ossi-
fied bone.' Therefore, both mid-substance
injuries of the ACL and avulsion fractures of
the tibial spine may occur in the skeletally
immature knee at different rates, depending on
the stage of maturation of the skeleton. This
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Fig. 1

Coronal MRI scan of the knee showing the
intercondylar (IC) and bicondylar femoral
widths.

has been substantiated by studies that have found that 80%
of avulsion fractures of the tibial spine are in patients aged
< 12 years, whereas 90% of mid-substance tears are in
patients aged > 12 years.2%?!

Diagnosis
Injuries of the ACL most commonly occur during sports
that require pivoting and rapid deceleration, such as rac-
quet games, football and skiing. The most common mech-
anism of injury is landing with the foot in external
rotation.”? A history suggestive of a major intra-articular
injury includes immediate swelling?® and a “popping’ sensa-
tion may be described by a third of patients.”* Clinical
examination is usually unreliable in the acute phase owing
to pain and swelling, particularly in children owing to their
lower pain threshold, inability to localise symptoms and
increased ligamentous laxity.>> While older patients may be
able to provide a more detailed history and permit clinical
examination, younger children are often unable to provide
a detailed account of the injury. There is also more physio-
logical laxity in children: even the normal knee in a child or
adolescent may allow up to 10 mm of anterior draw.?® It is
imperative therefore that a thorough examination of the
contralateral normal knee be performed for comparison.
Plain radiographs should be used to exclude fractures of
the tibial spine or femoral condyles. MRI is the mainstay of
diagnosis. Primary and secondary MRI signs in children are
similar to those in adults. Primary signs include discontinu-
ity of the ACL, alteration in its course, and abnormal signal
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within it. Secondary signs include meniscal tears, abnormal
orientation of the posterior cruciate ligament (PCL), and a
pivot shift lesion, a contusion between the anterolateral
femoral condyle and the posterolateral tibial plateau due to
rotatory subluxation of the tibia relative to the femur.?”
Various MRI sequences have been suggested, but should
include physeal-specific sequences such as a spoiled gradient
echo (SPGR) fat-saturated cartilage sequence to improve sen-
sitivity for primary and secondary signs.?%?° Kocher et al*®
found the sensitivity of MRI to be 75% and the specificity
94%. However, these figures were lower in children aged
< 12 years: this was attributed to less imaging experience
with younger patients and their smaller size. Other studies
have found similar results.3* Therefore, as with any ancil-
lary diagnostic test, MRI is best used as an adjunct and not
instead of a thorough history and clinical examination.

Anatomical risk factors

Palmer et al®! first advanced the theory that a narrow inter-
condylar notch may predispose the ACL to injury, as the
ligament is progressively stretched over the medial edge of
the lateral femoral condyle. Souryal and Freeman®? found
that those with a stenotic intercondylar notch were at a sig-
nificantly greater risk of ACL injury. Patients with bilateral
ACL tears have been reported to have a significantly lower
notch width index (NWI: notch width / bicondylar femoral
width; Fig. 1) than those without tears,>® but others have
found no correlation between the NWI and the rate of ACL
tears.>* Shelbourne et al®’ explained this discrepancy by
suggesting that the NWI cannot be used for standardising
people of different heights, as although the absolute notch
width does not change, the width of the condyles increases
with the height of the patient. Nor, they suggested, is it use-
ful for standardising the genders, as women have different
ratios from men. They also found that patients with a nar-
rower notch width had a higher rate of ACL rupture,® and
this has been supported by other studies.?® Although it is
assumed that a larger notch would house a larger ACL,
there have been no studies correlating the dimensions of the
ACL with ultimate load.

Associated injuries

Although injuries to the ACL are diagnosed commonly in
children, there are few studies documenting the incidence of
associated injuries. Meniscal injuries are the most common
(as high as 64%37-3%), with lateral injuries occurring more
frequently with acute ACL tears, and medial meniscal tears
with chronic tears. Other associated injuries include dam-
age to the medial collateral ligament, chondral injuries and,
rarely, femoral fractures.

In a review of 39 patients aged < 14 years, Millett et a
found an increased incidence of tears of the medial menis-
cus at the time of ACL reconstruction if patients were
treated > six weeks after their injury. Dumont et al®’
reviewed 370 children who had undergone reconstruction
of the ACL and found that those treated > five months after
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Table I. Tanner stages of maturity

N. AL-HADITHY, A. L. DODDS, K. S. N. AKHTAR, C. M. GUPTE

Tanner stage  Male-specific (genitals)

Female-specific (breasts)

Both genders (pubic hair)

No glandular tissue
Breast bud forms

Enlargement of breast and areola
Projection of areola and papilla to form

None
Small amount & fine

Coarse and curly extending laterally
Adult like hair that crosses pubis

secondary mound

1 Small

2 Slightly enlargement of scrotum. Penis
length unchanged

3 Further enlargement of scrotum and penis

4 Further enlargement of scrotum and penis

5 Adult size and shape

Adult size and shape

Adult hair extending to medial thigh

injury had a significantly higher rate of tears of the medial
meniscus than those treated before this time; lateral menis-
cal injuries did not progress. They also found that those
with tears of the menisci were more likely to have chondral
injuries. Chhadia et al*® confirmed this in a retrospective
review of 1252 patients, and also found that there was a
significantly lower chance of successful meniscal repair
when there had been a longer delay to surgery. This sug-
gests that the patterns of meniscal injury in children with a
deficient ACL are similar to those seen in adults.*!

Several authors have found that associated injuries are
more common in older children®>*’; those aged > 15 years
have the highest risk, possibly due to the incidence of high-
energy injuries in this age group as a result of their higher
weight and level of activity. Dumont et al*® found that chil-
dren who weighed > 65 kg had a higher rate of meniscal tears
at the time of surgery; this may become even more prevalent
as the incidence of childhood obesity continues to increase.

Physeal considerations

The primary concern when operating on the skeletally imma-
ture patient is the potential for iatrogenic injury to the phy-
ses. The proximal tibial and distal femoral physes contribute
55% and 70% to the growth of their respective bones.*?

In has been shown in animal models that drill holes
measuring 7% to 9% of the cross-sectional area of a physis
are sufficient to cause a disturbance of growth.*> Mikeli et
al** found that drill holes involving 3% of the physeal
cross-section had no effect on growth in a rabbit model, but
if this was increased to 7%, shortening of 5 mm occurred
within 24 weeks. In an MRI study of 31 knees, Kercher et
al® found that drilling tunnels of 8 mm diameter produced
a volumetric injury of 2.4% of the femoral physis and 2.5%
of the tibial physis in patients aged between ten and 15
years. However, as graft diameter increased from 6 mm to
11 mm in diameter, the volumetric injury increased from
2.3% to 7.8%: this equates to a 1.1% increase in volumet-
ric injury for every 1 mm increase in tunnel diameter.*3

The orientation of the tunnel also affects the degree of
physeal injury: oblique tunnels cause a greater volumetric
injury than vertical tunnels. Kercher et al* found that
increasing the drill angle from 45° to 70° reduced the vol-
ume of physis removed by 4.1% to 3.1%. The technique of
‘anatomical’ ACL reconstruction requires an oblique femo-
ral tunnel (10 o’clock position in the right knee*®), and
therefore increases the risk of physeal injury in a child’s

knee. The senior author (CMG) therefore adjusts the oblig-
uity of the femoral tunnel depending on the age of the
patient, with more oblique tunnels in older adolescents.

It is also important to consider the speed at which the
tunnels are reamed. A greater speed of reaming leads to
more heat necrosis and a greater ‘penumbra’ of physeal
injury; consequently, it has been suggested that damage
may be minimised by drilling slowly and in short bursts.*”

Higuchi et al*® reviewed MRI scans six months after
transphyseal reconstructions in ten skeletally immature
patients and found narrowing of the growth plate and cor-
ticalisation around the drill holes in all patients. Although
there was no incidence of growth arrest or disturbance, it is
possible that this may occur in patients who have not
reached skeletal maturity.

Despite the fact that the size of the tunnel used for ACL
reconstruction accounts for only 3% of the cross-sectional
area, many surgeons are still reluctant to drill through the
physis — there remains debate in the literature about whether
transphyseal or physeal-sparing techniques should be used.

Assessment of skeletal maturity

There are various methods of assessing skeletal maturity.
These include radiological evaluation, comparison of the
patient’s height with those of their siblings and parents, and
sexual maturity. Radiological evaluation often involves ref-
erence atlases of age and gender-matched controls to act as
a direct comparison.*’ Tanner staging® of sexual maturity
is most commonly used in the reviewed literature and is
summarised in Table L.

Prevention of injury

Considerable efforts have been made to identify means of
preventing ACL injuries. Mandelbaum et al*! performed a
prospective non-randomised study of 1041 female athletes,
and compared those undergoing their traditional warm-up
versus those undergoing a programme of education,
stretching, strengthening, plyometrics (jump training) and
sport-specific agility drills. They reported reductions in the
rate of ACL injury in the study group compared with the
controls of 88% and 74% at one and two years, respec-
tively.*! Specific biomechanical interventions to reduce risk
include the avoidance of an extended leg (encouraging the
‘knee-over-toe’ position), and landing on two-feet after
jumping; these have been found to reduce the incidence of
ACL tears.'”’?> A recent systematic review of six
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randomised trials found a 50% reduction in ACL injuries in
patients who had undergone neuromuscular and educative
interventions.

Management

One of the main controversies in the management of ACL
injuries in children is whether reconstruction should take
place early to prevent secondary meniscal injury, or
whether it should be delayed to prevent iatrogenic injury to
the physes.**

Non-operative or delayed surgical treatment. Traditional
algorithms of management suggest an initial period of con-
servative treatment until the child is close to the end of
growth, accompanied by a reduction in levels of activity,
functional bracing and physiotherapy. However, poor out-
comes have been noted in patients treated non-operatively.
Graf et al*® reported high rates of meniscal tears in their series
of 12 patients, with seven patients developing meniscal tears
at a mean of 15 months after initial injury. Mizuta et al*® had
similar results, with only one of 18 patients returning to sport
at their pre-injury level. In addition to their reduced level of
function, secondary injuries were seen with radiological signs
of degenerative changes being present in 60% of patients at
four years. In addition there was a high rate of secondary
meniscal injuries. Another study found that almost 70% of
skeletally immature patients who underwent a three-month
physiotherapy rehabilitation programme required recon-
struction within five years owing to persistent symptoms.>’
One difficulty encountered with non-operative management,
is poor adherence to a reduction in sporting activities, espe-
cially for a prolonged period of time.*®

In one of the only studies that found favourable results in
patients managed non-operatively, Woods et al*’ compared
13 adolescents with open physes whose ACL reconstruc-
tions were intentionally delayed by 16 months with a group
of 116 patients who underwent reconstruction at a mean of
14 weeks after injury. They found no difference between the
groups in terms of secondary injuries and long-term func-
tional outcome, and concluded that surgery can be delayed
safely if patients wear an ACL brace and abstain entirely
from sports. This study, however, did not have matched
groups, was retrospective, and the rehabilitation regimes
used were not stated.’’

Patients with a partial ACL tear may benefit from non-
operative treatment. Kocher et al®® reviewed the outcome
of 45 skeletally mature and immature patients who under-
went a structured course of rehabilitation for a partial tear
of the ACL: only 31% needed reconstruction. They sug-
gested that patients under the age of 14 years with a stable
knee may be treated non-operatively.

Operative treatment. A variety of reconstructive techniques
have been described. Techniques may either be intra- or
extra-articular, and may be transphyseal, physeal-sparing
or partial transphyseal, and may use additional augments.
1. Transphyseal. Transphyseal repair involves a tunnel being
drilled across both the tibial and femoral physes, and has
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traditionally been approached with caution because of the
possibility of growth disturbance. Kocher et al’* sent ques-
tionnaires to 140 surgeons who reported only 15 patients
with growth disturbance. In 12 of these, staples, or screws
of bone plugs, were passed across the physis, acting as a
mechanical block. In two separate studies Lipscomb and
Anderson®! and Koman and Sanders®? reported single cases
of growth disturbance with significant shortening (20 mm)
and marked valgus deformity; in both cases fixation passed
across the physis, causing a mechanical block. Guzzanti et
al®® and Stadelmaier et al®® used different animal models
but found that soft tissue placed in drill holes prevented the
formation of bony bridges, and therefore suggested that
intra-articular techniques may be safe.

Many authors have evaluated the use of a transphyseal
technique on skeletally immature patients (Table IT),!347:64-71
Kaeding et al* undertook a systematic review of 13 case
series and found that both transphyseal and physeal-spar-
ing reconstructions were safe in Tanner’? stage II and III
patients. They reported a lack of studies evaluating the
safety of Tanner stage I patients undergoing transphyseal
reconstruction. Recently, Frosch et al® performed a meta-
analysis of 55 studies and found low rates of leg-length dis-
crepancy or angular deformity after early ACL reconstruc-
tion. More recently, Liddle et al®’ and Nikolaou et al”! used
the transphyseal method in Tanner stage I and II, and
reported no leg-length discrepancy or growth disturbances
in their series of 17 and 66 patients, respectively.

In a series with the longest follow-up, Kumar et al*’

reported the outcome of 32 patients with a mean age of
11.3 years who had undergone transphyseal reconstruc-
tion, with a mean follow-up of 72.3 months. All but one
had a good or excellent outcome; one patient re-ruptured
and one had a mild valgus deformity that did not cause any
functional disturbance (Table II).
2. Physeal sparing. Various intra- and extra-articular meth-
ods have been described to avoid the physes. Most involve
either all-epiphyseal drilling or the use of an extra-articular
‘over-the-top’ position on the femoral side with fixation to
the tibial metaphysis.

Guzzanti, Falciglia and Stanitski’® reconstructed the
ACL using epiphyseal tunnels and hamstring grafts in eight
Tanner stage I patients. None had growth disturbance or
instability at a mean follow-up of 69.2 months. Anderson”
described an all-epiphyseal placement using a parallel lat-
eral femoral epiphyseal tunnel with a tibial tunnel similar to
that of Guzzanti et al.”? The hamstring graft was secured
with an Endobutton (Smith & Nephew, Andover, Massa-
chusetts) in the femoral tunnel and an interference screw in
the tibial epiphysis. There were no failures in their series of
12 patients with a mean follow-up of 4.1 years. Lawrence
et al” developed Anderson’s” technique, but elected to use
an interference screw instead of an Endobutton in the
femur as it reduced the length of the graft, which they
considered would reduce the potential chance of stretching.
They had no growth disturbance in their pilot study of
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Table Il. Reports using the transphyseal technique

N. AL-HADITHY, A. L. DODDS, K. S. N. AKHTAR, C. M. GUPTE

Mean follow-up

Author/s Patients (n) Age (yrs)/skeletal maturity” Graft' Outcome? (mths)
Kumar et al*’ 32 11.3(28T1/2,4T3) Four-strand hamstring No LLD; 1 re-rupture; 1 valgus 72.3
deformity
McCarroll et al® 60 Near skeletal maturity BPBT No GD; 3 re-ruptures 50
Liddle et al® 17 8T1,9T2 Four-strand hamstring 1 re-rupture; 1 valgus deformity 44
Cohen et al® 26 13.3 Four-strand hamstring 3 re-ruptures 45
Fuchs et al®’ 10 13.2 BPBT No LLD; no GD 40
Shelbourne et al® 16 773,974 BPBT No LLD; no GD 40.8
Aichroth et al'® 47 13.0 Four-strand hamstring No GD; 75% satisfactory; 49
3 re-ruptures
Edwards and Grana®® 21 13.7 Four-strand hamstring (15); No LLD; no GD; 2 re-ruptures; 34
BPBT (6) 1 persistent laxity
Kocher et al”® 35 14.7 (all T3) Four-strand hamstring No LLD; no GD; 2 re-ruptures 43
Nikolaou et al”" 94 21T1,4272,2573,3T4 Four-strand hamstring No LLD; no GD; 4 re-ruptures 38
* T, Tanner stage
1 BPBT, bone-patella-bone-tendon
# LLD, leg-length discrepancy; GD, growth disturbance
\
A\
\ 3
] i
Fig. 2a Fig. 2b Fig. 2¢c Fig. 2d

Diagrams showing various physeal-sparing techniques. Figure 2a — the extraphyseal technique of Guzzanti et al’®: after the oblique epiphyseal tun-
nels are drilled, a staple is fixed into the femoral epiphysis. The proximally detached hamstring tendons are passed through the tibial epiphyseal
tunnel and looped around the staple. The staple is then fixed into the femoral epiphysis under tension. The free end of the graft is sutured to the
tibial periosteum. Figure 2b - the extraphyseal technique of Lawrence et al’®: a lateral epiphyseal femoral tunnel and an oblique epiphyseal tibial
tunnel (retrograde) are drilled first, ensuring that the physis is avoided. The graft is introduced from the femoral tunnel using a passing suture. The
graft is fixed first in the tibia using an inside/out screw. After tensioning, the graft is secured into the femur with an interference screw. Figure 2¢ —
the extraphyseal technique of Janarv et al®’: the semitendinosus graft is detached proximally. A tibial epiphyseal tunnel is drilled, avoiding the physis
and allowing passage of the graft. It is passed in an ‘over-the-top’ position on the femur and secured into the femoral metaphysis. Figure 2d — the
extraphyseal technique of Brief,’® Parker et al*’ and Bonnard et al’’: the semitendinosus graft is detached proximally and either passed into the knee
under the medial meniscus (Brief) or through a groove fashioned on the anterior tibia (Parker and Bonnard). The graft is then passed in an ‘over-the-

top’ position, and secured into the lateral femur metaphysis.

three patients. One possible disadvantage of these tech-
niques is the acute angle made by the graft when passing
through a relatively vertical tibial tunnel into a horizontal
femoral tunnel. This may cause fretting of the graft and the-
oretically increase the risk of rupture.

Micheli et al'? and Janarv et al’” proposed a combined
intra- and extra-articular technique that used a proximally
harvested iliotibial band, which was passed over the lateral
femoral condyle, through a notchplasty and fixed directly
on to the anterior tibia. They reported no cases of growth
disturbance or leg-length discrepancy in 17 patients with a
mean age of 11 years.

Brief’® was concerned about the effects of drill holes, regard-
less of whether or not they passed through the physes, and
described a method that avoided them by passing a hamstring
graft under the medial meniscus, through the posterior capsule
and on to the lateral femoral metaphysis, where it was secured.
This was augmented with an extra-articular iliotibial band ten-
odesis. Of the nine patients treated, eight felt that the knee was
stable and did not have a positive pivot shift: six were able to
return to their pre-injury level of sporting activities.”® All had a
grade 1 Lachmann’s sign and anterior draw test indicating
some stretching of the graft, which occurred within 18 months
of their operation and had not progressed by three years.

THE BONE & JOINT JOURNAL
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Fig. 3

Diagram showing a partial physeal-sparing
technique, involving a transphyseal tibial tun-
nel being drilled, into an epiphyseal femoral
tunnel.

Parker et al’” described six patients in whom a graft was

passed through a groove created in the tibial epiphysis and
over the top of the lateral femoral condyle before being
secured in the proximal tibial metaphysis. One developed
arthrofibrosis but none had a disturbance of growth. Bon-
nard et al”” used a similar technique in a larger series of
57 patients, with a mean age of 12.2 years and a mean fol-
low-up of five years, and had three re-ruptures but no other
complications.

Physeal-sparing procedures are not without risk.
Frosch et al® found a higher rate of growth disturbance
after physeal-sparing procedures (5.9%) than after
transphyseal reconstructions (1.9%). Other authors have
also reported growth disturbance after physeal-sparing
procedures.”® While the reasons for this are not clear, it
may be due to the unfamiliar surgical technique or to ther-
mal injury of the physes from drilling. Techniques that
require all-epiphyseal drilling close to the true anatomical
position are difficult, and have a small margin for error.
Behr et al” found that the distance between the proximal
ACL and the femoral physis was only 3 mm in the imma-
ture skeleton. Even the ‘over-the-top’ position may violate
the distal femoral physis. Figure 2 shows a number of dif-
ferent physeal-sparing techniques.

3. Partial physeal sparing. This technique involves passing a
graft through a transphyseal tibial tunnel and fixing it to
the metaphysis of the lateral femur. This may reduce the
risk of growth disturbance, as the femoral physis, which
contributes to a greater proportion of lower limb growth, is
avoided. Lipscomb and Anderson®! reported on 24 patients
using their partial physeal-sparing method: 16 felt that their
knee was normal. One had a growth disturbance (2 cm)
that they attributed to a staple crossing the physis. Other
authors using the same technique have found no evidence
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ACL tear proven clinically
and on MRI
[ Associated meniscal tear? ]
Yes / \ No

Meniscal repair and Skeletal age

ACL reconstructlon
;izsars: 8to 11 years: 11 to 15 years: ACL > 15 years:
physiétherapy Consider ACL reconstruction with Transphyseal
and restriction reconstruction 1030 femoral ACL
of activity & with 11 o’clock tunnel +/- extra- reconstruction
contact sports femoral tunnel and articular ITB with
until age 8 to extra-articular tenodesis. No transphyseal

11 years - then
consider ACL
reconstruction

hardware across screw

physis

over-the-top
technique and ITB
tenodesis

For all patients, assess:

- Skeletal age

- Associated injuries

- Willingness for surgery and
compliance of child and parents

Fig. 4

The senior author’s preferred treatment algorithm (ACL, anterior cruciate
ligament; ITB, iliotibial band).

of growth disturbance.?%#! Figure 3 shows a partial-phy-
seal sparing technique.

Outcomes

In 2012, Moksnes et al® published a systematic review of
the methodological quality of the literature that advocated
surgical treatment. In all, 31 studies were identified that
included 966 children. None were randomised controlled
trials and most (94 %) were retrospective.

They found that most studies had major flaws in meth-
odology, particularly with regards to sample size, study
design and description of post-operative rehabilitation pro-
tocols. They noted that rehabilitation programmes includ-
ing exercises, weight-bearing status and post-operative
restriction were poorly documented. Most studies were
used as a means to document their surgical technique rather
than objectively assessing outcomes.

The four studies with the highest methodological scores
reported a good functional outcome after reconstruction
and a low rate of growth disturbance.

It is generally accepted that the rate of re-rupture is
higher in adolescents than in adults. Frosch et al’ found a
re-rupture rate of 4.8% in their meta-analysis of 935 skele-
tally immature patients, which is higher than the 3.1% fail-
ure rate found in adults.®? However, direct comparisons
must be made with caution, as the lower rates reported in
adults often reflect a less active patient group. The rate of
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re-rupture can be as high as 13% in adults who participate
in sport at a high level %3

Thus, a variety of techniques have been described for
reconstruction of the ACL in childhood. Familiarity and
comfort of the surgeon with a particular technique is of
utmost importance. It is generally agreed that this proce-
dure should only be carried out by specialist surgeons with
expertise in both arthroscopic reconstruction of the ACL
and children’s injuries, in dedicated units with appropriate
facilities for rehabilitation. The senior author’s (CMG) pro-
posed algorithm for the treatment of these patients is
shown in Figure 4.

In conclusion, it seems that paediatric ACL injuries are
occurring more commonly in recent years. Although most
surgeons recommend early surgical treatment in an attempt
to prevent secondary meniscal tears, the ideal treatment
remains controversial owing to the lack of high-quality
studies. There is currently inadequate data on the ideal
techniques of operation, the timing of surgery and rehabil-
itation regimes. Both transphyseal and physeal-sparing
techniques have been advocated, but these should only be
carried out in dedicated units with the appropriate exper-
tise in surgery and rehabilitation.

Supplementary material

X Two tables giving the details of studies reporting on
. i) physeal-sparing and ii) partial-physeal sparing
techniques are available with the electronic version of this
article on our website www.bjj.boneandjoint.org.uk

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by A. Ross and first-proof edited by J. Scott.
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