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Background: Despite several well-described operative techniques, the optimal management of anterior cruciate ligament (ACL)
injuries in pediatric patients remains unclear.

Purpose: To identify surgeons’ preferred ACL reconstruction techniques and postoperative protocols for pediatric patients of
various ages.

Study Design: Cross-sectional study.

Methods: An electronic survey was administered to surgeons in the Pediatric Research in Sports Medicine (PRiSM) society,
resulting in a cohort of experienced respondents who performed a relatively high volume of ACL reconstructions in skeletally
immature patients. Surgeon and practice demographic information was recorded. The survey presented the scenario of a patient
who had a physical examination and imaging consistent with an acute, isolated ACL tear. The respondents were asked to select
their preferred reconstruction technique for female and male patients at consecutive skeletal ages from 8 to 15 years. Surgeons
were also asked about postoperative protocol.

Results: Of 103 surgeons, 88 (85%) responded to the survey, the majority of whom (68%) performed more than 25 pediatric
ACL reconstructions annually. The greatest variation in technique was from ages 11 to 13 years in female patients and from
11 to 14 years in male patients. The modified MacIntosh was the most frequently used technique for patients aged 8 to
10 years. An all-epiphyseal technique was preferred over a broader age range in male patients than female patients, with
peak use at age 11 in both. A partial transphyseal (hybrid) technique was preferred in slightly older patients, with peak use
at age 12 in female patients and 13 in male patients. The transphyseal technique was most widely used at age 13 and older
in female patients and 14 and older in male patients. The impact of fellowship training (pediatrics, sports, or both) on
technique preference was statistically significant for male patients aged 11 to 13 and female patients 11 and 12 (all P < .05).
Surgeons with pediatric orthopaedic training tended to prefer an all-epiphyseal reconstruction, while those with both
pediatric and sports medicine training preferred the modified MacIntosh.

Conclusion: The preferred ACL reconstruction technique varied considerably, especially for patients aged 11 to 13 years. The
modified MacIntosh reconstruction was favored in patients aged 10 years or younger, while the transphyseal technique was
preferred in female patients aged 13 years and older and in male patients 14 years and older. The surgeon’s fellowship training was
significantly associated with his or her preferred surgical technique.
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With the increasing incidence of pediatric anterior cruci-
ate ligament (ACL) injuries has come an evolution in man-
agement strategies for these patients.5,17,26 Although
many surgeons historically recommended nonoperative
or delayed surgical treatment for skeletally immature
individuals,13 a growing body of literature is reporting the

negative consequences of delaying reconstruc-
tion.3,6,7,9,14,20,21,23,24 In an attempt to stabilize the knee
while allowing normal growth, a number of surgical tech-
niques have been developed for pediatric ACL
reconstruction.1,11,15,17,25

Whether any specific type of reconstruction is truly best
suited for a given skeletal age is largely unclear.4,8,16,22,27

Biomechanical studies have been unable to discern the
superiority of any single technique.10,18 Given this lack
of consensus, clinical practice might vary widely. The
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purpose of this study was to report detailed, current
trends in the surgical management of pediatric ACL
injuries.

METHODS

An electronic survey was distributed to 103 surgeons in
the Pediatric Research in Sports Medicine (PRiSM) soci-
ety via REDCap (Research Electronic Data Capture). The
questionnaire was pilot-tested internally at our institu-
tion and then among a small sample of members of the
American Orthopaedic Society for Sports Medicine prior
to distribution to PRiSM members. In this way, we were
able to modify and optimize the questionnaire before final
dissemination. The survey did not ask for the respon-
dent’s name, institution, or other directly identifiable
data.

The first portion of the survey inquired about demo-
graphics with the following questions:

1. Do you perform ACL surgery?
2. What is your primary type of practice?
3. What percentage of your practice involves pediatric

orthopaedics?
4. What is your age?
5. What is your sex?
6. What percentage of your practice involves sports

medicine?
7. What formal fellowship training have you completed?
8. Geographically, where do you practice?

9. How many years have you been in practice?
10. How many ACL reconstructions do you perform in

skeletally immature patients every year?

The next section of the survey consisted of a theoretical
clinical scenario involving an acute, sports-related ACL
rupture with symptomatic instability and no concomitant
injuries or ligamentous laxity. Respondents were asked to
choose their preferred reconstruction technique for male
and female patients in this scenario at each year of skel-
etal age between 8 and 15 years. For the sake of the
clinical vignette, skeletal age was assumed to be within
3 months of chronological age. Treatment options included
nonoperative management or modified MacIntosh,11,12

all-epiphyseal, hybrid, or transphyseal reconstruction
(Figure 1).

The modified MacIntosh, as described by Kocher
et al,11,12 consists of a combined intra- and extra-articular
reconstruction with iliotibial band autograft. The all-
epiphyseal technique includes epiphyseal femoral and tib-
ial tunnels, with similar methods described by Anderson1

and by others.2,15 The hybrid technique is a partial trans-
physeal reconstruction with an all-epiphyseal femoral tun-
nel and transphyseal tibial tunnel. Surgeons were also
asked their preferred graft for each of these techniques (if
they indicated that they used the technique). For each
method, respondents were asked the earliest time point
after surgery at which they would allow full return to
sports, assuming full functional recovery, and the duration
for which they prescribe ACL functional bracing after
return to sports.
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Figure 1. Diagrammatic representation of techniques included in the survey. (A) Modified MacIntosh procedure. (B, C) Anderson
and Lawrence-Ganley all-epiphyseal procedures, respectively. (D) Hybrid reconstruction. (E) Transphyseal reconstruction. (Rep-
rinted with permission from Milewski MD, Beck NA, Lawrence JT, Ganley TJ. Anterior cruciate ligament reconstruction in the young
athlete: a treatment algorithm for the skeletally immature. Clin Sports Med. 2011;30(4):801-810. ©2011 Elsevier.19)
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Responses were collected and analyzed independently by
nonclinical team members who had no direct input in the ini-
tial survey creation. Statistical analysis was performed with
the use of SPSS version 20 (IBM Corp). Standard descriptive
statistics were used to report demographic data. Each of the
aforementioned demographic variables was tested for an asso-
ciation with the preferred technique. Chi-square and Fisher
exact tests were used to detect proportional differences for
categorical variables, as appropriate. Independent-samples t
tests were used in the comparison of means for continuous
variables. Statistical significance was defined as P < .05.

RESULTS

Complete survey responses were collected from 88 of 103
respondents (85%). The respondents spanned a well-
distributed range of years in practice and geographic loca-
tions. All respondents had fellowship training, and the
majority of surgeons performed more than 25 pediatric ACL
reconstructions annually. Nearly all respondents special-
ized in pediatric orthopaedics or sports medicine, and 85%
had a practice that mostly focused on sports medicine.
Detailed demographics are displayed in Table 1.

Preferred Surgical Technique

None of the survey respondents chose nonoperative
management as a treatment option for any year of skeletal
age. Regarding operative management for male patients,
the majority of respondents chose the modified MacIntosh
technique for patients up to age 10 and a transphyseal
reconstruction for those 14 years and older. However, a
great deal of variation was found in preferred technique for
11-, 12-, and 13-year-old male patients (Figure 2A). The age
of peak use for each reconstruction technique was 8 years
for the modified MacIntosh, 11 for all-epiphyseal, 13 for
hybrid, and 15 for transphyseal.

For female patients, most surgeons chose the modified
MacIntosh technique for patients 10 years or younger and
a transphyseal reconstruction for those older than 13 years.
Significant variation was found in preferred technique
for female patients between the ages of 11 and 13 years
(Figure 2B). The age of peak use for each reconstruction
technique was 8 years for the modified MacIntosh, 11 for
all-epiphyseal, 12 for hybrid, and 15 for transphyseal.

Sixty of the 88 surgeons (68%) chose an all-epiphyseal
reconstruction in some age groups. The remainder of sur-
geons preferred only the modified MacIntosh for younger
patients and the transphyseal technique for older ones. To
see whether these two groups of surgeons differed in their
approach, we analyzed their responses separately. Respon-
dents who used all-epiphyseal techniques selected these
procedures over a broader age range (Figure 3, A and B).
For both male and female patients, these surgeons pre-
ferred the modified MacIntosh for 8- and 9 year-olds, with
a nearly equal split between this technique and the all-
epiphyseal technique in 10-year-olds. For male patients,
the all-epiphyseal technique was favored for 11- and 12-
year-olds, and the hybrid reconstruction was favored for

13-year-olds. For 14-year-old male patients, respondents
indicated an almost even split between preference for the
hybrid technique and the transphyseal technique; however,
for 15-year-old male patients, respondents strongly pre-
ferred the transphyseal technique. For female patients,
respondents favored the all-epiphyseal technique for 11-
year-olds and the hybrid technique for 12-year-olds. For
female patients 13 years of age, respondents preferred the
transphyseal technique, but a significant number of
respondents still favored a hybrid technique. The transphy-
seal technique was strongly preferred for female patients
aged 14 and 15 years.

TABLE 1
Demographic Characteristics of Survey Respondentsa

Demographic Characteristic Finding

Age, y, mean ± SD 43.4 ± 8.4
Sex

Female 20 (18)
Male 78 (69)
Prefer not to answer 1 (1)

Fellowship training
Pediatric orthopaedics only 40 (35)
Sports medicine only 17 (15)
Both pediatric orthopaedics and sports medicine 40 (35)
Other 3 (3)

Years in practice
<5 y 28 (25)
5-10 y 33 (29)
11-15 y 13 (11)
>15 y 26 (23)

Practice type
Academic 65 (57)
Hospital group 14 (12)
Mixed academic and private practice 15 (13)
Private practice 7 (6)

Practice location
East Coast 35 (31)
Midwest 23 (20)
South 20 (18)
West Coast 17 (15)
International (outside United States) 5 (4)

Percentage of practice involving pediatric orthopaedics
<25% 1 (1)
25-50% 8 (7)
51-75% 9 (8)
>75% 82 (72)

Percentage of practice involving sports medicine
<25% 1 (1)
25-50% 14 (12)
51-75% 34 (30)
>75% 51 (45)

Pediatric anterior cruciate ligament reconstructions
performed annually
<25 32 (28)
25-49 44 (39)
50-99 15 (13)
100-149 9 (8)

aData are reported as % (n) of respondents, except for age. Any
discrepancies in percentages totaling to 100% due to rounding.
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In contrast to surgeons who used all-epiphyseal techni-
ques, surgeons who did not use this technique preferred using
the modified MacIntosh reconstruction in older patients
(Figure 3, C and D). Surgeons who did not use the all-
epiphyseal technique also transitioned to the transphyseal
technique at a slightly younger patient age than did those
who used epiphyseal techniques. These respondents pre-
ferred the modified MacIntosh until about age 13 in male
patients, after which the transphyseal technique was nearly

always selected. This changeover point was slightly earlier in
female patients, as the modified MacIntosh was strongly
favored for female patients 11 years and younger whereas
transphyseal reconstruction was preferred in those 12 years
and older.

We also assessed the influence of fellowship training type
on surgeon preference for the different treatment procedures.
Variation in preferred technique for male patients aged 11,
12, and13yearsand femalepatients aged 11and12years was
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Figure 2. Preferred anterior cruciate ligament reconstruction techniques for (A) male and (B) female patients. AE, all-epiphyseal;
H, hybrid; MM, modified MacIntosh; TP, transphyseal.
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Figure 3. The selected techniques of surgeons who use all-epiphyseal reconstructions in (A) male and (B) female patients
compared with the selections of surgeons who do not perform all-epiphyseal reconstructions in (C) male and (D) female patients.
AE, all-epiphyseal; H, hybrid; MM, modified MacIntosh; TP, transphyseal.
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significantly associated with the type of fellowship training of
respondents (P < .05 for all). Surgeons with both pediatric
and sports medicine fellowship training heavily favored the
modified MacIntosh, while those with a single fellowship
appeared to prefer all-epiphyseal reconstruction (Figure 4,
A and B). Surgeons with a dual-fellowship background
favored the modified MacIntosh more frequently in female
patients aged 11 and12 years,while surgeonswithapediatric
fellowship appeared to favor all-epiphyseal reconstruction (P
< .01 for both) (Figure 4, C and D). Additionally, the surgeon’s
annualvolume of ACL reconstructionswas significantly asso-
ciated with chosen reconstruction technique in 14-year-old
male patients (P¼ .02). No other demographic variables were
associated with technique preference.

Preferred Graft

If respondents indicated on the survey that they would per-
form a specified surgical technique, they were asked their
preferred graft choice (Table 2). Of the respondents, �4%
noted that they would use an allograft with any of the techni-
ques.Hamstringautograftwas themostcommonchoice for all
techniques, with bone–patellar tendon–bone autograft
reserved mostly for transphyseal reconstruction. No signifi-
cant differences were found in graft choice for male versus
female patients.
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Figure 4. The percentage of respondents who preferred the modified MacIntosh for (A) male and (B) female patients compared with
respondents who selected all-epiphyseal techniques for (C) male and (D) female patients, stratified by fellowship training. Peds,
pediatric orthopaedic fellowship only; Sports, sports medicine fellowship only; Peds þ Sports, both pediatric orthopaedic and
sports medicine fellowships.

TABLE 2
Graft Preference for Various Anterior Cruciate Ligament

Reconstruction Techniquesa

Graft Type Male Patients Female Patients

All-epiphyseal
Allograft 4 (2) 4 (2)
Autograft 94 (47) 96 (47)

Bone–patellar tendon–bone 0 (0) 0 (0)
Hamstrings 85 (40) 79 (37)
Quadriceps 15 (7) 17 (8)

Hybrid
Allograft 2 (1) 2 (1)
Autograft 98 (43) 98 (43)

Bone–patellar tendon–bone 2 (1) 0 (0)
Hamstrings 74 (32) 79 (34)
Quadriceps 21 (9) 21 (9)

Transphyseal
Allograft 1 (1) 1 (1)
Autograft 99 (74) 99 (82)

Bone–patellar tendon–bone 11 (8) 10 (8)
Hamstrings 72 (53) 73 (60)
Quadriceps 16 (12) 17 (14)

aData are reported as % (n) of respondents. Any discrepancies
in percentages totaling to 100% due to rounding.
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Postoperative Protocol

While most surgeons granted their patients clearance for
return to sports within 1 year of surgery regardless of tech-
nique, a statistically significant difference was noted in
protocol when stratified by procedure (Figure 5) (P < .01).
Clearance for athletic activity trended toward longer delays
for epiphyseal reconstructions.

Treating physicians were asked about their recommenda-
tions for use of functional bracing with return to activities
following clearance. Almost three-quarters of the surgeons
recommended that patients use a functional ACL brace upon
return to athletic activities (Table 3). Duration of bracing
was similar for all techniques except the modified MacIn-
tosh, for which 50% of respondents who endorsed bracing
recommended it for at least 24 months after surgery.

DISCUSSION

The present study identified current practices in the man-
agement of ACL injuries in adolescents at varying skeletal
ages from 8 to 15 years. Significant variation was found in

the preferred surgical technique for male patients aged 11
through 14 and female patients 11 through 13 years. In
these patients, respondents with pediatric orthopaedic
training tended to prefer an all-epiphyseal reconstruction,
while those with both pediatric and sports medicine train-
ing preferred the modified MacIntosh. Overall, the modi-
fied MacIntosh was the most commonly used technique in
patients aged 8 to 10. The all-epiphyseal technique was
preferred over a broader age range in male patients than
female patients, with peak use at age 11 in both. The hybrid
technique was preferred slightly later, with peak use at age
12 in female patients and 13 in male patients. The trans-
physeal technique was most widely used in female patients
13 years and older and in male patients 14 years and older.

The treatment of ACL injuries in skeletally immature
patients continues to evolve, and this study suggests a pos-
sible shift in the approach to these patients over the past 15
years compared with historical data. Prior to the develop-
ment of physeal-sparing surgical techniques, many sur-
geons advised nonoperative management or delaying of
surgery until skeletal maturity. This preference was high-
lighted in a survey of the Herodicus Society and ACL Study
Group by Kocher et al13 in 2002. In the theoretical case of
an 8-year-old patient, only 16% of respondents selected ini-
tial operative management, the remainder choosing
delayed surgery or nonoperative treatment. When the clin-
ical scenario was changed to a 13-year-old patient, still only
34% of respondents opted for initial surgical management.
In the current survey of a similar caliber group of pediatric
sports medicine surgeons, although nonoperative treat-
ment was an option, it was never selected. This is likely
because numerous studies have described the negative con-
sequences of such a strategy.3,6,7,9,14,20,21,23,24 Lawrence
et al14 found that children who underwent reconstruction
beyond 3 months after injury had a significantly higher
rate of irreparable medial meniscal tears and lateral com-
partment chondral damage. Moksnes et al21 reported a
19.5% rate of new meniscal injuries in a prospective cohort
of 40 skeletally immature children with ACL ruptures
treated nonoperatively. Finally, a meta-analysis by
Ramski et al24 confirmed that nonoperative and delayed
operative treatment resulted in more instability episodes
and meniscal tears as well as worse outcome scores. With
increasing awareness of these issues and an increase in
the incidence of pediatric ACL injuries,5,16,26 a plethora of
surgical techniques for skeletally immature patients have
been described.

Despite the growing body of literature, little evidence-
based consensus is available on the optimal physeal-
sparing technique or the ages for which specific procedures
are best suited. Kocher et al13 found a high degree of vari-
ability in tibial and femoral drilling techniques and graft
choice in their 2002 survey. At that time, the majority of
respondents preferred transphyseal tunnels with soft
tissue grafts for skeletally immature patients.13 In the
present study, transphyseal tunnels were typically chosen
only for older children; the modified MacIntosh, all-
epiphyseal, and hybrid techniques were preferred for the
majority of all other age groups. However, the favored proce-
dure for these younger children varied widely among surgeons.
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Figure 5. The cumulative percentage of respondents who
granted their patients clearance for return to sports at 6-8
months, 9-11 months, and >12 months after various anterior
cruciate ligament reconstruction techniques. The y-axis
begins at 30%. AE, all-epiphyseal; H, hybrid; MM, modified
MacIntosh; TP, transphyseal.

TABLE 3
Postoperative Functional Bracing Protocola

Modified
MacIntosh

All-
Epiphyseal Hybrid Transphyseal

Do not recommend
brace

21 (16) 29 (29) 28 (17) 32 (28)

Recommend brace 79 (61) 71 (67) 72 (43) 68 (60)
<12 mo 16 (10) 21 (14) 16 (7) 23 (14)
12-17 mo 13 (8) 25 (17) 21 (9) 18 (11)
18-23 mo 18 (11) 15 (10) 23 (10) 23 (14)
�24 mo 52 (32) 39 (26) 40 (17) 35 (21)

aData are reported as % (n) of respondents. Any discrepancies
in percentages totaling to 100% due to rounding.
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Similarly, the data presented here suggest variation in
postoperative protocol. While few surgeons delayed their
patients’ return to sports for more than 1 year postoper-
atively, no consensus was found on clearance earlier
than 8 months versus 9 to 12 months. Similarly,
although most respondents continued to prescribe func-
tional bracing, the recommended duration varied from 12
to 24 months after surgery. This lack of consensus
reflects the current literature, which offers little in the
way of evidence-based recommendations. Even in areas
for which the literature does provide some evidence,
actual clinical practice is highly variable. For example,
Dekker et al4 found that earlier return to sport is pre-
dictive of a second ACL injury. However, a significant
proportion of respondents cleared children for athletic
activity at 6 to 8 months after reconstruction.

The results of this study have several implications. While
some agreement on how to treat the youngest and oldest
patients was found, significant variation was noted regard-
ing management of children in the middle age groups. For
these patients, the surgeon’s fellowship training may affect
which procedure is chosen, with those who have completed
a pediatric fellowship preferring all-epiphyseal reconstruc-
tion and those with both pediatric and sports medicine
fellowships tending to favor the modified MacIntosh. As
demonstrated in Figures 3 and 4, surgeons who performed
all-epiphyseal reconstructions appeared to prefer this tech-
nique over the modified MacIntosh starting at a younger
patient age, around 10 years for both male and female
patients. In contrast, those surgeons who did not generally
prefer this procedure seemed to select the modified MacIn-
tosh into an older patient age range, up to age 12 in male
patients and age 11 in female patients. Interestingly, sur-
geons with single fellowship training—either pediatrics or
sports medicine—appeared to choose the modified MacIn-
tosh and all-epiphyseal techniques for similar age groups,
especially in male patients. This is in contrast to surgeons
with double fellowship training, who preferred the modified
MacIntosh in older patients—more than half of surgeons
selected it for 11-year-old female patients and 12-year-old
male patients—and never selected the all-epiphyseal tech-
nique more than 28% of the time in any age group.

The basis for these findings along the lines of training is
unclear. One possibility is that surgeons who are comfort-
able with a specific technique will stretch its indication
across a slightly broader age range. For example, those who
are experienced in traditional transphyseal reconstruction
may prefer to apply modifications of this technique to youn-
ger patients in the form of an all-epiphyseal procedure
rather than perform the modified MacIntosh. Similarly,
surgeons uncomfortable or unfamiliar with a certain proce-
dure may perform it less frequently by shifting its use to a
smaller age group. The reasons behind this phenomenon
are surely multifactorial, including not only the surgeon’s
overall fellowship background but also specifically which
techniques were taught during that training. In any case,
future research should aim to further refine indications for
the various ACL reconstruction techniques and identify
which procedures truly have the best outcomes at various
ages.

This study is not without limitations. Because it was
based on a survey, it was designed to provide a commentary
on current trends and preferences rather than recommen-
dations on surgical technique. Furthermore, surgical deci-
sion making is affected by other subtleties and experiences
that are beyond the scope of a questionnaire. Finally, since
the survey was administered to the PRiSM society, a group
of academic surgeons with an interest in sports medicine,
the same results may not have been obtained in a query of
community surgeons or adult sports medicine surgeons.
Nonetheless, the data presented here likely reflect a true
lack of consensus in physeal-sparing reconstruction, as
PRiSM members are heavily involved in research on the
subject and include some of the thought leaders in this area.

CONCLUSION

The present study describes significant variation in the
preferred treatment of skeletally immature patients with
ACL injuries. This is especially true for children between
the ages of 11 and 13 years. Interestingly, technique
preferences were associated with the surgeon’s fellowship
training. Future research should aim to provide evidence-
based guidelines regarding which procedures will best ben-
efit each age group.
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