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All-epiphyseal anterior cruciate ligament Gl

reconstruction yields superior sports
performances than the trans-epiphyseal
technique in skeletally immature patients:
a systematic review
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Abstract

Background Anterior cruciate ligament (ACL) tears in skeletally immature patients are increasingly common. Evi-
dence comparing the outcomes of all-epiphyseal versus trans-epiphyseal ACL reconstruction in skeletally immature
patients is limited, and the current literature could benefit from a comprehensive systematic review. The present
study compared all-epiphyseal versus trans-epiphyseal ACL reconstruction in skeletally immature patients. The
outcomes of interest were to compare joint laxity, patient-reported outcome measures (PROMs), return to sport,
and complications.

Methods This study was conducted according to the 2020 Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) statement. In November 2023, the following databases were accessed: PubMed, Web
of Science, Google Scholar, and Embase. No additional filters were used in the database search. All the clinical stud-
ies investigating ACL reconstruction in skeletally immature patients were accessed. Only articles that clearly stated
the surgical technique (all- or trans-epiphyseal) were eligible. Only articles with a minimum of 6 months of follow-
up were included. Only articles that clearly stated that surgeries were conducted in children with open physis were
eligible.

Results Data from 1489 patients (1493 procedures) were collected, of which 32% (490 of 1489 patients) were female.
The mean length of follow-up was 46.6 months. The mean age of the patients was 12.7 years. No difference was found
in joint laxity (Table 3): positive pivot shift (P=0.4), positive Lachman test (P=0.3), and mean arthrometer laxity
(P=0.1). No difference was found in PROMs (Table 4): International Knee Documentation Committee (IKDC) (P=0.3),
Lysholm (P=0.4), and Tegner (P=0.7). The trans-epiphyseal technique was associated with a greater rate of patients
unable to return to sports (1% versus 7%, P=0.0001) and with a longer time to return to sports (7.7 versus 8.6 months,
P=0.01). Though the trans-epiphyseal technique was associated with a lower rate of return to sport, this difference
was not statistically significant (P=0.8). No difference was evidenced in the rate of patients who had reduced their
league or level of sports activity (P=0.6) or in the rate of patients who had returned to their previous league or level
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patients.
Level of evidence Level lll, systematic review.

physis

of sports activity (P=0.7). No difference was found in the rate of complication: re-tear (P=0.8), reoperation (P=0.7),
increased laxity (P=0.9), and persistent instability sensation (P=0.3).

Conclusion Trans-epiphyseal ACL reconstruction was associated with a greater rate of patients unable to return
to sport and with a longer time to return to sport compared with the all-epiphyseal technique in skeletally immature

Keywords ACL, Anterior cruciate ligament, All-epiphyseal, Trans-epiphyseal, Skeletally immature patients, Open

Introduction

An anterior cruciate ligament (ACL) tear in skeletally
immature patients is increasingly common [1, 2], with
an estimated incidence worldwide of 70 per 100,000
injuries per year [3—7]. The prevalence of ACL tears in
children with open physis has increased over the last
20 years [8—12]. ACL injury in the young athletic pop-
ulation occurs during jumping, twisting, and cutting
movements [13]. ACL deficiency affects the knee bio-
mechanics, increasing the anteroposterior translation
of the femur over the tibia [14-16]. Laxity may result
in joint instability sensation, articular cartilage injuries,
and meniscal damage [15-28]. The optimal manage-
ment of ACL, conservative rather than surgical, is still
debated [29, 30].

ACL reconstruction in skeletally immature patients
aims to restore knee stability, preventing further soft
tissue injuries and preserving physiological growth of
the lower limb [31-33]. Surgery in the pediatric popula-
tion is debated [34—36]. Damaging the epiphyseal plates
could lead to growth disturbances, including leg-length
discrepancy or an angular deformity [9, 37-39]. In chil-
dren with open physis, both all-epiphyseal and trans-
epiphyseal ACL reconstruction have been described. The
trans-epiphyseal technique is similar to the procedure
performed in adults and consists of a femoral and tibia
tunnel, where the graft is allocated and fixed [40—42]. The
all-epiphyseal technique restores the anatomic ACL foot-
print with unique tunnel drilling and fixation techniques.
Several all-epiphyseal ACL reconstruction techniques
have been described [31, 43—-45]; in these techniques the
femoral and tibial tunnels are drilled entirely within the
physis, leaving the growth plates untouched [46]. Evi-
dence comparing the outcomes of all-epiphyseal versus
trans-epiphyseal ACL reconstruction in skeletally imma-
ture patients is limited, and to the best of our knowledge,
the current literature could benefit from a comprehensive
systematic review.

The present study compared all-epiphyseal versus
trans-epiphyseal ACL reconstruction in skeletally imma-
ture patients. The outcomes of interest were to compare
joint laxity, PROMs, return to sport, and complications.

Methods

Eligibility criteria

All the clinical studies investigating ACL reconstruction
in skeletally immature patients were accessed. Only stud-
ies published in peer-reviewed journals were considered.
According to the author language capabilities, articles in
English, German, Italian, French, and Spanish were eligi-
ble. Only studies with levels I-III of evidence, according
to the Oxford Centre of Evidence-Based Medicine [47],
were considered. Reviews, opinions, letters, and editori-
als were not considered. Animals, in vitro, biomechanics,
computational, and cadaveric studies were not eligible.
Only articles that clearly stated the surgical technique
(all- or trans-epiphyseal) were eligible. Only articles with
a minimum of 6 months of follow-up were included. Only
articles that clearly stated that surgeries were conducted
in children with open physis were eligible. Missing quan-
titative data under the outcomes of interests warranted
the exclusion of the study.

Search strategy

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses: the 2020 PRISMA statement [48]. The Problem,
Intervention, Comparison, Outcomes, Timing (PICOT)
algorithm was preliminarily established:

o P (Problem): ACL tears;

+ I (Intervention): all-epiphyseal ACL reconstruction;

+ C (Comparison): trans-epiphyseal ACL reconstruc-
tion;

+ O (Outcomes): laxity, PROMs, return to sport, com-
plications;

+ T (Timing): minimum 6-month follow-up.

In November 2023, the following databases were
accessed: PubMed, Web of Science, Google Scholar, and
Embase. No time constraint was set for the search. The
medical subject headings used for the database search
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are described in the appendix. No additional filters were
used in the database search.

Selection and data collection

Two authors (R.G. and J.E) independently performed the
database search. All the resulting titles were screened
by hand and, if suitable, the abstract was accessed. The
full texts of the abstracts that matched the topic of inter-
est were accessed. If the full text was not accessible or
available, the article was not considered for inclusion. A
cross reference of the bibliography of the full-text arti-
cles was also performed for inclusion. Disagreements
were debated and mutually solved by the authors. In case
of further disagreements, a third senior author (N. M.)
made the final decision.

Data items

Two authors (R.G. and J.E.) independently performed
data extraction. The following data at baseline were
extracted: author, year of publication and journal, length
of follow-up, male:female ratio, number of patients with
related mean age and body mass index (BMI). To investi-
gate knee stability, data from the manual (pivot shift and
Lachman tests) and instrumental laxity were extracted.
Instrumental laxity was typically evaluated using the
arthrometers KT-1000 and KT-2000 (MEDmetric Corp,
San Diego, California). Both of these devices applied a
force of 134N on the tibial plateau over the femoral con-
dyles, directed anteriorly. Data concerning the following
PROMs were collected at baseline and at the last fol-
low-up: Tegner Activity Scale [49], Lysholm Knee Scor-
ing Scale [50], and IKDC [51]. The minimum clinically
important difference (MCID) for the Lysholm score was
10/100, 15/100 for the IKDC, and 0.5/10 for the Tegner
score [52-54]. To evaluate return to sport, the follow-
ing data were extracted: mean return to sport, rate of
patients unable to return to sport, rate of return to sport,
rate of patients who had reduced their league or level
of sports activity, and rate of patients who had returned
to their previous league or level of sports activity. Data
on the following rates of complication were collected:
re-tear, re-operation, increased laxity, and persistent
instability sensation. Re-tear was defined as a further
postoperative tear of the ACL documented at imaging.
Any surgical revision following failure of the indexed
ACL reconstruction was considered as a re-operation.
Data were extracted in Microsoft Office Excel version
16.72 (Microsoft Corporation, Redmond, USA).

Assessment of the risk of bias
The methodological quality of the included studies was
assessed by two authors independently (R.G. and J.E.)
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using the Coleman Methodology Score (CMS) [55].
Disagreements were discussed and resolved by consen-
sus. In addition, Coleman criteria also assess the quality
of outcome reports. In detail, the following criteria are
included for the assessment: population size, length of
follow-up, surgical approach used, study design, descrip-
tion of diagnosis, surgical technique, and rehabilitation,
as well as outcome criteria assessment and the subject
selection process. Subscores for each domain were added
for a total possible score of 100. The quality of the studies
is scored between 0 (poor) and 100 (excellent). A mean
value greater than 60 points was considered satisfactory.

Synthesis methods

The statistical analyses were performed by the main
author (EM.) following the recommendations of the
Cochrane Handbook for Systematic Reviews of Interven-
tions [56]. The software IBM SPSS version 25 was used.
For descriptive statistics, mean and standard deviation or
the observed frequency (number of cases divided by the
number of included patients) were used. The mean dif-
ference (MD) effect measure was calculated to compare
continuous outcomes and the odds ratio (OR) for binary
data. The confidence interval (CI) was set at 95%. The
t-test and x* tests were performed for continuous and
binary variables, respectively, with a value of P<0.05 con-
sidered statistically significant.

Results

Study selection

A total of 268 articles were identified through the system-
atic literature search. After the assessment of titles and
abstracts, 101 studies were identified as duplicates and
excluded. Insufficient fulfillment of the eligibility criteria
led to the exclusion of 99 additional studies. Reasons for
exclusion were: inappropriate study design (N=46), lack
of clarity that treatment was provided only to patients
with open physis (N=12), not clearly stating the surgical
technique (N=10), low level of evidence (N=7), language
limitations (N=14), follow-up shorter than 6 months
(N=10). An additional 16 studies were excluded after
full-text review as they did not include quantitative
data on outcomes of interest. This left 52 studies to be
included in the quantitative synthesis. Of them, two were
prospective and 50 were retrospective studies. A trans-
epiphyseal reconstruction technique was used in 29 stud-
ies, all-epiphyseal reconstruction in 22 studies, and one
trial reported data from both procedures. The results of
the literature search process are shown in Fig. 1.

Methodological quality assessment
According to the CMS, the follow-up time was accept-
able in all articles reviewed. The number of patients
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Fig. 1 PRISMA flow chart of the literature search

enrolled exceeded 10 patients in 94.2% (49 of 52) of the
studies assessed. Limitations identified by the CMS score
included the retrospective study design in 96.2% (50 of
52) of the included studies. Confounding was frequently
found with outcome measures and the assessment pro-
cess. The poor quality of surgical protocols and of the
diagnoses descriptions, and the lack of standardized
postoperative rehabilitation programs in most studies
resulted in fair reliability. Concluding, the CMS resulted
in 61.4+6.9 points, attesting to the fair quality of the

methodology of the investigations included in the present
study (Table 1).

Study characteristics and results of individual studies

Data from 1489 patients (1493 procedures) were collected,
of which 32% (490 of 1489 patients) were female. The mean
length of the follow-up was 46.6+31.7 months. The mean
age of the patients was 12.7+1.1 years. The generalities
and demographic of the included studies are presented in
Table 1.
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Author and year Journal name Design CMS Follow-up Technique Patients (n) Knees(n) Mean age Female
(months) (n)
Aichroth et al. [57] J Bone Joint Surg Br Prospective 77 490 Trans-epiphyseal 45 45 13.0 13
Akinleye et al. [58] Int J Sports Phys Ther Retrospective 48 36.0 All-epiphyseal 1 2 10.0 1
Andrews et al. [59] Am J Sports Med Retrospective 60 58.0 Trans-epiphyseal 8 8 13.0 0
Arbes et al. [60] Int Orthop Retrospective 54  64.8 Trans-epiphyseal 4 4 13.9 13
Aronowitz et al. [61] Am J Sports Med Retrospective 68 25.0 Trans-epiphyseal 19 19 134 10
Asai et al. [62] SciRep Retrospective 66 23.0 Trans-epiphyseal 27 27 13.9 16
Bonnard et al. [63] J Bone Joint Surg Br Retrospective 72 66.0 All-epiphyseal 56 56 12.2 13
Calvo et al. [64] Am J Sports Med Retrospective 64 127.2 Trans-epiphyseal 27 27 130 11
Cassard et al. [65] J Pediatr Orthop Retrospective 66 336 All-epiphyseal 28 28 13.0 8
Cohen et al. [66] Arthroscopy Retrospective 63 45.0 Trans-epiphyseal 26 26 133 15
Courvoisier et al. [67]  Knee Surg Sports Trau-  Retrospective 69 36.0 Trans-epiphyseal 37 37 14.0 20
matol Arthrosc
Cordasco et al. [68] Am J Sports Med Retrospective 60  32.1 All-epiphyseal 23 23 12.2 6
Cruz et al. [69] J Pediatr Orthop Retrospective 56  21.0 All-epiphyseal 103 103 12.1 24
Demange et al. [70] Am J Sports Med Prospective 58 2196 Trans-epiphyseal 12 12 10.7 5
Foissey et al. [71] Arthrosc Sports Med Retrospective 62 57.0 Trans-epiphyseal 20 20 136 6
Rehabil
57.0 Trans-epiphyseal 20 20 14.0 2
Fuchs et al. [72] Arthroscopy Retrospective 62 40.0 Trans-epiphyseal 10 10 13.2 4
Gebhard et al. [73] Knee Surg Sports Trau- ~ Retrospective 63 32.0 Trans-epiphyseal 68 68 11.9 19
matol Arthrosc
330 Trans-epiphyseal 40 40 153 14
Goddard et al. [74] Am J Sports Med Retrospective 55 24.0 Trans-epiphyseal 32 32 13.0 11
Greenbergetal.[75]  Sports Health Retrospective 69 154 All-epiphyseal 16 16 123
Guzzanti et al. [76] Am J Sports Med Retrospective 52 69.2 All-epiphyseal 8 8 114 0
Hoshikawa et al. [77] ~ Orthop J Sports Med Retrospective 55 52.7 All-epiphyseal 3 3 13.0 1
Hui et al. [78] Am J Sports Med Retrospective 54 250 Trans-epiphyseal 16 16 12.0 4
Koch etal. [79] Knee Surg Sports Trau-  Retrospective 60 54.0 All-epiphyseal 12 13 12.1 2
matol Arthrosc
Kocher et al. [80] J Bone Joint Surg Am Retrospective 61 63.6 All-epiphyseal 44 44 10.3
Kohl et al. [81] Knee Retrospective 58  49.2 Trans-epiphyseal 15 15 12.8 3
Kumar et al. [82] JBone Joint Surg Am Retrospective 55 723 Trans-epiphyseal 32 32 113 4
Lanzetti et al. [83] Int Orthop Retrospective 62 96.1 All-epiphyseal 42 42 12.5 12
Lawrence et al. [44] Clin Orthop Relat Res Retrospective 48 12,0 All-epiphyseal 3 3 113 0
Lemaitre et al. [84] Orthop Traumatol Surg ~ Retrospective 50 15.0 Trans-epiphyseal 13 14 136
Res
Liddle et al. [85] J Bone Joint Surg Br Retrospective 52 44.0 Trans-epiphyseal 17 17 12.1 3
Mauch et al. [86] Sports Med Arthrosc Retrospective 50 >60 Trans-epiphyseal 49 49 13.0 21
Rehabil Ther Technol
McCarroll et al. [87] Am J Sports Med Retrospective 72 264 Trans-epiphyseal 24 24 133 12
McCarroll et al. [88] Am J Sports Med Retrospective 66 504 Trans-epiphyseal 60 60 14.2 31
Mcintosh et al. [89] Arthroscopy Retrospective 59  41.1 Trans-epiphyseal 16 16 136 5
Micheli et al. [90] Clin Orthop Relat Res Retrospective 63 665 All-epiphyseal 8 8 11.0 1
Nakhostine et al. [91]  J Pediatr Orthop Retrospective 50 52.8 All-epiphyseal 5 5 14.0 0
Nikolaou et al. [92] Knee Surg Sports Trau- ~ Retrospective 67 38.0 Trans-epiphyseal 94 94 13.7 38
matol Arthrosc
Perelli et al. [93] Am J Sports Med Retrospective 70 26.6 All-epiphyseal 34 34 13.5 11
25.1 All-epiphyseal 32 32 13.8 12
Pennock et al. [94] Orthop J Sports Med Retrospective 68 384 All-epiphyseal 26 26 1.8 ?
Redler et al. [95] Arthroscopy Retrospective 62 434 Trans-epiphyseal 18 18 14,2 6
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Author and year Journal name Design CMS Follow-up Technique Patients (n) Knees(n) Mean age Female
(months) (n)
Robert et al. [96] Arthroscopy Retrospective 58 420 All-epiphyseal 8 8 114 1
Saad et al. [97] Medicine (Baltimore) Retrospective 66 19.2 All-epiphyseal 18 19 133 4
Sasaki et al. [98] Orthop J Sports Med Retrospective 74 416 All-epiphyseal 18 18 124 10
38.1 Trans-epiphyseal 84 84 14.1 75
Seon et al. [99] J Korean Med Sci Retrospective 58 777 Trans-epiphyseal 11 11 14.7 0
Shamrock et al. [100]  lowa Orthop J Retrospective 60 27.6 Trans-epiphyseal 12 12 12.8 1
Shelbourne et al. [101]  Am J Sports Med Retrospective 61 40.8 Trans-epiphyseal 16 16 14.8 5
Schmale et al. [102] Clin Orthop Relat Res Retrospective 64 480 Trans-epiphyseal 29 29 14.0 23
Streich et al. [103] Knee Surg Sports Trau- ~ Retrospective 60 70.0 Trans-epiphyseal 16 16 11.0 6
matol Arthrosc
Wall et al. [104] Orthop J Sports Med Retrospective 67  43.2 All-epiphyseal 27 27 11.0
Willimon et al. [105] Am J Sports Med Retrospective 66 36.0 All-epiphyseal 21 21 11.8 0
Wren et al. [106] Int J Environ Res Public ~ Retrospective 68 7.8 All-epiphyseal 20 20 1.3 5
Health
Zhang et al. [107] Int Orthop Retrospective 66 31.6 All-epiphyseal 6 6 122 2
316 All-epiphyseal 10 10 12.1 4
Table 2 Baseline comparability (IKDC)
Endpoint All-epiphyseal (N=918) Trans-epiphyseal (N=575) P
Mean follow-up (months) 514+379 40.6+20.8 0.2
Mean age 132416 121+£1.7 0.2
Female (%) 40% (369 of 917) 21% (121 of 572) 0.05
IKDC (mean) 42.7+38 504+70 0.2
Tegner (mean) 55+19 73+06 0.3
Table 3 Results of the outcome: laxity Baseline comparability
Endpoint Al Trans- Effectsize P Between groups, baseline comparability was evidenced ‘in
epiphyseal epiphyseal the length of the follow-up, mean age, female:male ratio,
(N=918) (N=575) and IKDC and Tegner scores (Table 2).
Positive pivot shift test ~ 0.1£0.1 02+04 —-0.1 04
(%) Synthesis of results
Arthrometer laxity 29416 14407 08 01 No difference was found in laxity (Table 3): positive
(mean) pivot shift (P=0.4), positive Lachman test (P=0.3), and
« Positive Lachman test ~ 0.2+0.3 04405 -02 03  mean arthrometer laxity (P=0.1).
%0) No difference was found in PROMs (Table 4): IKDC
(P=0.3), Lysholm (P=0.4), and Tegner (P=0.7).
The trans-epiphyseal technique was associated with
a statistically significant rate of patients unable to
Table 4 Results of the outcome: PROMs (IKDC) return to sport (OR 0.1; 95% CI 0.02-0.29; P=0.0001)
and with a longer time to return to sport (MD 0.9; 95%
Endpoint All- hvseal Tra!n;- | Bffectsize P I 0.74-1.05; P=0.01). Though the trans-epiphyseal
?ﬁfgﬁ?a fﬁl’sé’éﬁa technique was associated with a lower rate of return
to sport, this difference was not statistically signifi-
IKDC (mean) 936443 846290 90 03 cant (P=0.8). No difference was evidenced in the rate
Lysholm (mean)  894+208 »3£16 =9 04 of patients who had reduced their league or level of
Tegner (mean) 72+1.1 74+08 -0.2 0.7

sport activity (P=0.6), and in the rate of patients who
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Table 5 Results of the outcome: return to sport (Cl)

Endpoint All-epiphyseal (N=918)  Trans-epiphyseal (N=575) 95% ClI Effectsize P
Return to sport (n) 91% (423 of 467) 88% (227 of 258) 0.63-1.43 1.0 08

Not able to return to sport (n) 1% (3 of 467) 7% (20 of 286) 0.02-0.29 0.1 0.0001
Reduced the level of sport activity or league (n) ~ 12% (57 of 467) 14% (36 of 265) 056t0138 09 06
Return to previous level of sport or league (n) 82% (383 of 467) 77% (241 of 314) 0.97-1.96 14 0.07
Time to return to sport (months) 7.7+04 86+23 0.74-1.05 09 0.01

No difference was found in the rate of complication (Table 6): re-tear (P=0.8), reoperation (P=0.7), increased laxity (P=0.9), and persistent sensation of instability

(P=0.3)

Table 6 Results of outcome: complications (Cl)

Endpoint All- Trans- Effectsize 95%Cl P
epiphyseal  epiphyseal
(N=918)% (N=575)%
Re-tear 9(650f685) 10(420f425) 063-143 09560 0.8
Reoperation 11 (460f422) 12(230f190) 052-1.51 0.888 0.7
Increased 0(00of47) 0 (0 of 36) 0.01-39.65 07684 09
laxity
Persistent 3(20f 74) 6 (9 of 160) 0.09-221 04660 03
sensation
of instability

had returned to their previous league or level of sports
activity (P=0.7). These results are presented in greater
detail in Table 5.

Discussion
According to the main findings of the present systematic
review, trans-epiphyseal ACL reconstruction was asso-
ciated with a greater rate of patients unable to return
to sport and a longer time to return to sport compared
with the all-epiphyseal technique in skeletally imma-
ture patients. No differences were found in functional
outcomes after surgery. No statistically significant dif-
ferences were found in complication rate after surgery
between the trans-epiphyseal and all-epiphyseal groups.
In the past years, the debate on the appropriate man-
agement after ACL rupture in skeletally immature
patients has become heated [108]. The main concern
regarding the trans-epiphyseal technique was the pos-
sible damage to the growth plates [109]. Three different
growth disturbances were described [110], namely, the
complete arrest of the growth process, depending on
the size of the growth plate injury; overgrowth, caused
by hypervascularization after the injury; and impaired
growth, caused by the tenoepiphysiodesis effect [111].
A recent systematic review of 100 studies analyzed post-
operative growth disturbance after ACL reconstruction
using trans-epiphyseal techniques [112]. The risk of leg
length discrepancy greater than 1 cm was 2.1% and the
risk of an angular deformity greater than 5° was 1.3%. To

minimize the damage to the physis, tunnels must be as
small as possible (<9 mm), the perichondral ring must
be avoided, and the tibial tunnel must be drilled as ver-
tically as possible, preserving the anatomical position of
the graft [113]. Pagliazzi et al. [114] conducted a meta-
analysis comparing postoperative outcomes after the
all-epiphyseal, partial epiphyseal, and trans-epiphyseal
techniques. The present systematic review identified
no difference in functional outcomes between the three
groups. In the all-epiphyseal group, lesser differential lax-
ity than in the other two groups was found. This result
was based on only 16 studies, and data on laxity meas-
ured by arthrometry were not available. The lower knee
laxity did not result in the best functional score nor in
the least subjective knee instability, confirming that lax-
ity and instability are different entities. No difference was
found in the rate of failure, in accordance with our study.

Petersen et al. [115] analyzed the rate of failure in
trans-epiphyseal reconstruction considering the femoral
drilling technique. No statistically significant difference
was found in re-rupture rate nor in growth disturbance
between independent bone tunnels and transtibial tun-
nels. Instead, the graft choice influenced the rate of fail-
ure. The rate of re-rupture was significantly lower using
an autologous graft from the extensor apparatus than an
autologous graft from the flexor apparatus. This can be
explained by the smaller diameter of the gracilis and sem-
itendinosus tendons and their role in limiting anterior
tibial translation [116, 117]. Using bone blocks is not rec-
ommended in skeletally immature patients because they
can bridge the growth plate leading to growth disorder
[118]. However, a recent systematic review reported that
patients at Tanner stages 3 and 4, who underwent ACLR
with a bone-patellar tendon-bone graft, have a 93.8% rate
of return to sport [119].

Cordasco et al. [120] conducted a prospective study
on children and adolescents, dividing patients into three
groups: all-epiphyseal technique in the youngest cohort,
trans-epiphyseal and partial trans-epiphyseal technique
in young adolescents, and bone-tendon-bone autograft
in adolescents at the end of skeletal maturation. Patients
of the second group had the highest rate of reoperation
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and the lowest rate of return to sport. Patients in the first
group had a 100% return to sport rate and 92% returned
to sport at the same level. This difference may depend on
different surgical techniques, as suggested by our results,
but also on the high level of competition to which the
athletes are exposed during high school. An explanation
for the high rate of return to the previous level of sport
after all-epiphyseal surgery is given by Ithurburn et al.
[121]. They showed that, when returning to sport, young
athletes after all-epiphyseal ACLR demonstrated higher
quadriceps strength symmetry and knee-related function
than adolescents after trans-epiphyseal ACLR. Kay et al.
[122], in a meta-analysis, found a 92% return to sport rate
and that 76% of the patients returned to sport at the pre-
vious level. No difference was found between the trans-
epiphyseal group and the all-epiphyseal group, but only
four studies on the all-epiphyseal group were examined.
In an 8-year follow-up study, early return to sport is an
important risk factor for a second ACL injury [11]. Reha-
bilitation after ACLR requires more time for children
than for adults [123]. Return to sport should be post-
poned 9 months after surgery, and 12 months for pivot-
ing sports [113, 123].

The present study has some limitations. Firstly, the ret-
rospective nature of the included studies and the meth-
odological quality assessment highlighted the fair quality of
the included studies. Several sources of heterogeneity must
be highlighted. The surgical protocols and the absence of
a standardized postoperative rehabilitation program rep-
resent important sources of bias. Indeed, the evaluation of
the return to sport has no accepted criteria, and the choice
to abandon sports activity can be independent of knee con-
dition. There was no homogeneity in sex between the two
cohorts of patients. There was a statistically significant dif-
ference in the number of female patients who underwent
trans-epiphyseal and all-epiphyseal ACL reconstruction.
A previous meta-analysis found similar results [124]. The
authors hypothesized that the faster maturation of the
female skeleton could explain this difference. Some authors
[59, 61, 72, 74] used allografts for the reconstruction;
whether ACL reconstruction using allografts is associated
with a difference in the outcome is controversial. Allo-
grafts avoid the harvesting site, which could promote faster
recovery and shorter operation time. On the contrary,
allografts have a higher risk of rejection and infection. The
authors used heterogeneous types of autografts. Among
them, hamstring [57, 58, 62, 64—68, 75-77, 79, 82-85, 89,
92-95, 97, 99, 100, 104, 106, 107], patellar [60, 63, 87, 88,
96, 101, 106] and iliotibial band [80, 90, 91, 105, 106] auto-
grafts were most commonly used. Given the lack of quanti-
tative data and limited information, the types of autografts
used could not be analyzed separately. Several all-epiphy-
seal ACL reconstruction techniques have been described,
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including the Anderson, Ganley-Lawrence, and Cord-
asco—Green [31, 43-45]. Given the lack of quantitative
data and missing information on the surgical approach, it
was not possible to analyze the different all- and trans-epi-
physeal techniques. Given the lack of information regard-
ing the reasons for reoperations, additional analyses on this
endpoint were not possible to develop. Future investiga-
tions are required to compare all- versus trans-epiphyseal
ACL reconstruction, validating the results of the present
study in a clinical setting.

Conclusion

Trans-epiphyseal ACL reconstruction was associated with
a greater rate of patients unable to return to sport and with
a longer time to return to sport compared with the all-epi-
physeal technique in skeletally immature patients.
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