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Abstract
Background The rate of ACL injury in adolescents has been rising in recent years. Surgical options include transphyseal and
physeal-sparing ACL reconstruction.
Aims In this study, we performed a transphyseal ACL reconstruction and followed up patients to assess functional outcomes and
to assess for growth disturbance.
Method There were 22 patients seen at follow-up between the age of 12 and 16. Skeletal age assessment was performed using an
MRI atlas with an average skeletal age of 14.7 (range 12–16). The mean follow-up time was 36 months (range 14–63 months).
Clinical examination was performed to assess for leg length discrepancy, and leg length radiographs were used to assess for
angular deformity. Patients’ post-surgery functionality was assessed with the IKDC score and the Tegner Lysholm score.
Results Themean IKDC and Lysholm scores at follow-up were found to be 91 and 94, respectively. The median Tegner score prior
to injury was 8.5 and postoperatively was 7.5. There were no cases of leg length discrepancy found on clinical examination, and
there were no cases of significant angular deformity. Four patients ruptured again and went on to have repeat ACL reconstruction.
Conclusions Midterm results at an average follow-up of 3 years after the surgery showed good functional outcomes using the
transphyseal ACL reconstruction technique with good return to activity. There were no cases of leg length discrepancy or angular
deformity. Transphyseal ACL reconstruction is a viable method of treatment for adolescent ACL tears.
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Introduction

In recent times, there has been an increase in incidence of pae-
diatric anterior cruciate ligament (ACL) tears. This has largely
be attributed to increased participation of children in organized
sports, as well as an improvement in the quality of imaging in
reaching the diagnosis of an ACL tear [1]. Around 3% of pae-
diatric knee injuries are due to ACL injury [2]. Janarv et al. [3]
estimate that the incidence rate is 1/10,000 children. The most
appropriate treatment for a paediatric ACL tear is a controversial
topic in comparison with adult ACL injury, because of the open

epiphyseal plate and the potential for developing a growth dis-
turbance [4–6]. In this study, we performed a complete
transphyseal ACL reconstruction with tunnelling crossing both
the femoral and tibial physes. As part of the study, we followed
up patients to assess for growth deformity resulting in either a
leg length discrepancy or angular deformity as well as assessing
their return to activity and functional outcomes.

The surgical technique used in this study was the complete
transphyseal ACL reconstruction. The complete transphyseal
ACL reconstruction is a modified version of the adult ACL
reconstruction to minimize the risk of physeal disturbance.
With this technique, the tunnels cross both the femoral and tibial
physes with care taken to minimize the insult on the physes. In
this study, we followed up patients that underwent this method
of ACL reconstruction between the ages of 12 and 16 with a
mean follow-up time of 36 months (range 14–63 months). We
assessed postoperative functionality with subjective knee scores
and assessed for leg length discrepancy with clinical exam and
leg length discrepancy with leg length X-rays.
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Methods

Study design

This was a retrospective case series on patients who received a
complete transphyseal ACL reconstruction. Ethical approval
was obtained from the Clinical Research Ethics Committee of
University College Cork. The criteria we chose for inclusion
in this study were those who received an ACL reconstruction
between the age of 12 and 16 with open physes seen on MRI.
There were 28 patients that met the criteria with 10 knees
having a comorbid meniscal tear at the time of surgery. The
timeframe for the surgeries was from June 2009 to October
2014 with the average age at the time of surgery 14.5 years
(range 12-15.9 years).

Surgical technique

The patients of this study underwent a transphyseal ACL re-
construction where the gracilis and semitendinosus tendons
were harvested and used to form either a quadruple or triple
bundled (5 strand) stranded graft to replace the ACL. A triple
bundled 5 strand graft was performed in some patients to
increase the diameter of the graft as some of the patients had
small hamstring tendons. An intercondylar notch was
debrided using a shaver. The femoral and tibial tunnels
crossed the physes of both the femur and tibia of the patients
with tunnel diameters ranging from 7 to 9 mm. In order to
reduce the risk of physeal disturbance, care was taken to min-
imize the tunnel diameter. For graft fixation on the femoral
aspect, an Endobutton was used, and for graft fixation on the
tibial aspect, an interface screw was used. After the ACL
reconstruction was performed, the graft patency was assessed
with the Lachman and pivot shift tests.

Follow-up assessment

There were two patients that were excluded from all data
analysis. One patient was excluded because he initially
underwent an ACL repair using cancellous screws for a tibial
eminence fracture and then underwent transphyseal ACL re-
construction after this ruptured. This patient also developed a
tibial varus deformity from the initial ACL repair which was
corrected before undergoing complete reconstruction.
Another patient was excluded because he had undergone bi-
lateral ACL reconstruction, with his first ACL being recon-
structed by another surgeon.

At follow-up assessment, all patients received weight-
bearing leg length radiographs which were used to assess for
any angular deformity. The angles of the nonoperative knee
were used as a control to compare with the operated knee. The
angles used for measurement were the medial mechanical axis
of the knee and the lateral distal femoral articular angle using

the anatomical axis of the femur (aLDFA) (Fig. 1). Leg length
discrepancy was assessed by a clinical exam with measure-
ment of the ASIS to medial malleolus. The strength of the
reconstructed ACL was assessed with the Lachman test.

The International Knee Documentation Committee
(IKDC) [7] and Lysholm [8] subjective knee scores were used
to assess the functional capacity of the knee. The Tegner ac-
tivity score [9] was used give a graded pre-injury and post-
surgery activity level of the patient. Patients that re-injured
their ACL and underwent a repeat ACL reconstruction over
the age of 16 had their subjective knee scores excluded from
the data analysis. Patients who had other comorbidities at the

Fig. 1 Medial mechanical axis of the knee; aLDFA
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follow-up assessment also had their subjective knee scores
excluded.

We grouped the patients for the purpose of the data analysis
into an angle assessment group and a functionality assessment
group. The angle group included the 22 patients that qualified
for data analysis, and for the functional group, we excluded
the patients with comorbidities when seen at follow-up, as
well as patients who ruptured and underwent adult ACL
reconstruction.

At follow-up, there was one ACL rupture, one patellar
tendinopathy, two failedmeniscal tears, and one newmeniscal
tear that were excluded from the functional group. The pa-
tients labelled as 17A-22A in the tables are the patients in
the angle group that were excluded from functional analysis.

Skeletal age assessment

Skeletal age assessment was performed as chronological age
is not an accurate assessment of adolescents due to the differ-
ing ages in which people reach puberty. Skeletal age assess-
ment was performed using the Pennock and BomarMRI Atlas
of Skeletal Development of the Knee [10]. We performed this
assessment using the preoperativeMRIs. Figure 2 displays the
coronal assessment of the femur with the “oreo sign” seen,
which is due to the laminated appearance of the subchondral
epiphyseal cartilage. Figure 3 displays the sagittal assessment
of the fibula.

Results

Demographic results

For the patients seen at follow-up, the average age at the time
of surgery was 14.4 ± 1.1 years (range 12.1–15.8 years). The
average skeletal age at the time of surgery was 14.7 ±
1.2 years. The most significant difference between

chronological age and skeletal age was patient 8 who was
13.2 years at the time of her first surgery and had a skeletal
age of 16. At the time of her repeat transphyseal ACL recon-
struction aged 14.5, she had a skeletal age of 17. Comparing
the difference between chronologic age and skeletal age
yielded a p value of 0.130. The average age at follow-up
was 17.4 years (range 14.8–20.8 years) with the mean time
follow-up being 36 months (range 14–63 months). Eight of
the 22 patients included for data analysis had comorbid
meniscal tears at the time of surgery. There was a graft failure
rate of 4 of 22 knees. The demographics of these can be seen
in Table 1.

Assessment of physeal disturbance

For assessment of physeal disturbance, there were no cases of
leg length discrepancy > 1 cm found on clinical exam. For
angular deformity assessment, the nonoperative leg was used
as a control. The mechanical axis of the knee was found to
have a mean valgus angle of Diff 0.80 ± 2.40 valgus (range 50

valgus angle to 30 varus angle) (p value = 0.150). Comparing
male and females rendered a p value of 0.744. The distal
femoral articular angle had a mean valgus angle of 0.90 ±
2.40 valgus (range 70 valgus angle to 20 varus angle) (p val-
ue = 0.086). Comparing males and females had a p value of
0.744. The angle values for each patient can be seen in
Table 2.

Subjective scores

Themean IKDC score for patients at the follow-up assessment
was 91 ± 8 (77–100). The mean Lysholm score was 94 ± 7
(79–100). There was no statistical difference found when
comparing the means of the male and female IKDC and
Lysholm scores with p values of 0.249 and 0.704, respective-
ly. The median Tegner score prior to injury was 8.5 and the
median Tegner score at follow-up was 7.5. The difference in p

Fig. 2 Coronal view displaying
oreo sign
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value = 0.227. The IKDC, Lysholm, and Tegner values for
each patient can be seen in Table 2.

Discussion

There have been a number of different management options
developed for paediatric cruciate ligament injury. While the
management protocol for adult ACL injury is well established,

paediatric ACL injury is a controversial subject due the risk of
damaging the epiphyseal plates with surgical intervention [4,
11, 12].

The complete transphyseal ACL reconstruction is a modi-
fied version of the adult ACL reconstruction to minimize the
risk of physeal disturbance. With this technique, the tunnels
cross both the femoral and tibial physes. Smaller drill holes
compared with adult surgery are used to minimize physeal
disturbance. In a study on rabbits, it was found that tunnels

Table 1 Age demographics, morbidity, and follow-up time

Patient Male or
female

Age at first
surgery (years)

Skeletal age at
first surgery

Meniscal
tear

ACL
re-
injury

Age at second
surgery (years)

Skeletal age at
second surgery

Meniscal
tear

Follow-up
time
(months)

Follow-up
age (years)

1 M 15.4 15 N N – – – 14 16.6

2 M 14.5 15 Y N – – – 18 16

3 M 15.8 16 Y N – – – 15 17.1

4 M 15.6 16 Y N – – – 19 17.2

5 F 13.2 13 Y N – – – 26 15.4

6 F 12.8 13 Y N – – – 24 14.8

7 M 14.5 15 N N – – – 31 17.1

8 F 13.2 16 Y Y 14.5 17 Y 45/18 17

9 M 15 16 N Y – – – 32 17.7

10 F 14.1 15 N N – – – 31 16.8

11 M 15.8 16 N N – – – 34 18.7

12 M 12.1 13 N N – – – 39 15.3

13 M 12.5 12 N N – – – 45 16.2

14 M 13.6 14 N N – – – 42 17.1

15 M 14.6 14 N N – – – 55 19.2

16 M 13.8 14 N N – – – 46 17.7

17A M 15.4 15 N Y – – – 25 17.5

18A F 14.9 14 Y N – – – 28 17.2

19A M 15.7 16 N N – – – 41 19.1

20A M 14.3 14 Y Y – – Y 52 18.6

21A F 15 15 N N – – – 58 19.8

22A F 15.6 16 N N – – – 63 20.8

Fig. 3 Sagittal view of fibular
head
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which occupy < 5% of the cross-sectional area did not cause
growth deformity and that the tunnels had to occupy 7–9% of
cross-sectional area of physis to cause growth disturbance
[13]. Kercher et al. [14] studied 31 patients between 10 and
15 years of age using MRI imaging of the knee to determine
the average volume of the tibial and femoral physis. They
reported that the tunnels of 8 mm in diameter removed 2.5%
of the distal femoral physis and 2.4% of the proximal tibial
physis, whereas an 11 mm diameter tunnel removed up to
7.8% of the physis. It is better to use soft tissue graft compared
with bone-patellar-bone graft as it reduces the risk of growth
arrest due to the placement of a bony block across the physes
[15, 16]. Therefore, the hamstring tendon autograft was used.

The conservative management option involves nonopera-
tive management with ACL bracing, strengthening, and reha-
bilitation, followed by delayed anatomical reconstruction
when skeletal maturity is reached. But with this treatment
method, there was found to be a high incidence of meniscal
and chondral injuries due to the chronic anterior instability
[17–19], and patients who received an immediate ACL recon-
struction had less instability and lower rates of meniscal and
chondral tears, and they also had higher activity levels with
more returning to sport.

With surgical management, there have been a number of
options developed which include physeal-sparing reconstruc-
tion and partial transphyseal reconstruction. With these tech-
niques, the ACL is not in an anatomically accurate position
[18, 20]. Nonanatomical ACL positioning is associated with a
residual instability and an increased incidence of meniscal and
chondral injuries [18, 20]. There have also been questions
raised about the long-term function of grafts in a nonanatomic
position as there is a potential graft elongation as the knee
goes into extension [21].

In our study, we found good functional midterm outcomes
with the transphyseal ACL reconstruction with good Lysholm
and IKDC scores, as well as a good return rate to previous
activity levels. There was a reduction of activity levels from
pre-injury activity levels to activity levels at follow-up accord-
ing to the Tegner activity scale. This was a decrease from a
median of 8.5 for pre-injury activity levels to 7.5 for activity
levels at the time of follow up. The p value was > 0.05with the
value of 0.227. This is a great return to activity levels com-
pared with other studies. It must be noted that a reduction in
activity levels is also seen in adult surgery also which may be
due to fear of re-injury and loss of interest in sport participa-
tion with an increase in age [22].

Table 2 Knee angles and subjective knee scores

Patient Operative
mechanical (0)

Nonoperative
mechanical (0)

Operative
articular (0)

Nonoperative
articular (0)

Tegner before Follow-up Tegner IKDC Lysholm

1 177 179 80 80 10 10 96.6 90

2 179 178 81 80 7 7 85.1 94

3 180 177 77 79 9 9 96.6 94

4 181 178 82 85 9 9 81.6 88

5 183 183 82 80 7 7 80.5 85

6 178 177 77 84 9 8 81.6 85

7 179 177 82 86 8 8 100 100

8 184 183 78 78 10 9 94.3 100

9 180 176 82 82 9 2 77 93

10 177 176 86 85 5 5 92 100

11 181 181 80 78 9 8 83.9 79

12 177 180 79 83 7 7 98.9 100

13 179 181 83 81 10 10 100 100

14 178 181 81 83 7 7 92 100

15 182 178 79 80 7 7 98.9 100

16 179 180 83 84 5 5 100 95

17A 186 181 77 81 – – – –

18A 180 181 84 82 – – – –

19A 176 176 86 86 – – – –

20A 178 179 83 84 – – – –

21A 178 178 84 85 – – – –

22A 181 176 83 83 – – – –

The patients labelled as 17A-22A in the tables are the patients in the angle group that were excluded from functional analysis

1327Ir J Med Sci (2020) 189:1323–1329



We had an ACL revision rate of 4 of 22 knees. This is a
good result as many studies on paediatric and adolescent ACL
reconstruction have a high revision rate [23]. It proposed that
the high revision rate for paediatric ACL reconstruction is due
to the lack of compliance with rehabilitation programmes,
changing of the position of graft due to further growth of the
knee moving it out of an anatomical position. Schmale et al.
[24] follow up study on transphyseal ACL reconstruction that
had 4 repeat ACL reconstructions out of 29 knees after a mean
follow-up of 39 months (8–66 months).

In analysing the data for angular deformity, there was no
statistically significant difference when comparing the operat-
ed leg with the control leg for both the mechanical axis of the
knee and the distal femoral articular angle with the p values
both being > 0.05, given their p values scoring of 0.150 and
0.086, respectively.

There were many limitations in this study. The study was
limited by being a retrospective study. This study had a small
sample size with 22, consistent with many studies on the sub-
ject. There was no group involved in this study which could be
used as comparison for another management option. The non-
operative leg was used as a control for angle analysis, where
preoperative films using the same leg for assessment of post-
operative change would be more accurate. Graft assessment
using the KT-1000 arthrometer could have been used to give a
numerical assessment of laxity as opposed to clinical assess-
ment using Lachman’s test. There were five patients lost to
follow-up which could be a source of attrition bias.

Conclusion

The complete transphyseal anterior cruciate ligament recon-
struction provided good midterm results with good function-
ality and good return of physical activity. No patients involved
in the study developed leg length discrepancy of angular de-
formity. Based on this case series, we would consider the
complete transphyseal ACL reconstruction a safe option in
management of an adolescent ACL injury with good function-
al outcomes. We would like to highlight that this study was
based on an adolescent population and not a generalized pae-
diatric population.
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