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Abstract

Purpose Several studies have suggested that drilling the

femoral tunnel through an anteromedial arthroscopic portal

during anterior cruciate ligament reconstruction allows

more anatomic placement of the graft. However, no studies

have investigated whether the anteromedial approach

results in better outcomes compared to the traditional

transtibial drilling approach when a hamstring autograft is

used. The purpose of the present study is to investigate

short-term functional and clinical outcome differences

between male patients recovering from anterior cruciate

ligament reconstruction with a hamstring autograft using

the transtibial femoral tunnel drilling approach versus the

anteromedial approach.

Methods Lysholm score, functional test and isokinetic

data were collected at 3 and 6 months after surgery in

51 male patients who received a standardized rehabilitation

in a large outpatient facility. Multivariate and univariate

analyses of variance were used to assess group, time and

interaction effects.

Results All outcomes except isokinetic knee flexion at

180�/s improved from 3 to 6 months for both groups

(p B 0.05). The anteromedial approach group had better

Lysholm scores at 3 months (p B 0.05) and better perfor-

mance in the timed lateral movement functional tests at

3 and 6 months (p B 0.05). No other comparisons were

significant (n.s).

Conclusions Both groups had comparable outcomes on

most measures. The differences in the Lysholm score and

lateral movement functional tests may suggest a quicker

return of function and performance for the anteromedial

approach group. Clinicians should take into consideration

the surgical technique as they progress patients recovering

from ACL reconstruction through the different phases of

the rehabilitation protocol.

Level of evidence Therapeutic study, Level II.

Keywords Femoral tunnel drilling � Anatomic ACL

reconstruction � Rotational instability � Rehabilitation

outcomes

Introduction

Anterior cruciate ligament (ACL) tear is a serious injury that

results in immediate knee instability, loss of the entire athletic

season, lengthy rehabilitation and increased risk for early-

onset knee osteoarthritis [18]. The optimal surgical technique

for ACL reconstruction remains a topic of controversy. The

transtibial (TT) technique where the femoral tunnel is drilled

through the tibial tunnel is the most traditional and popular
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technique [19] with its main advantage being less surgical

time. Current thinking suggests that reconstructing the ACL

with an anatomically placed graft has the potential to maxi-

mize outcomes. Studies on whether the TT technique allows

anatomic placement of the ACL graft found contradicting

results. Recent studies [8, 10, 12] found that the TT technique

results in graft placement in a more vertical position, while

others found that under certain conditions, the graft can be

placed anatomically with the TT technique [13]. The anter-

omedial (AM) technique where the femoral tunnel is drilled

through an arthroscopic portal with the knee in maximum

flexion allows the surgeon more flexibility to place the graft

in an oblique position [10]. Zampeli et al. demonstrated that

placing the graft in an oblique position results in better ability

to control excessive knee rotation during the functional

activities and is associated with higher functional scores

[28, 29]. However, Chang et al. [7] suggested that there is a

higher chance of drilling a short femoral tunnel with this

technique when compared to the TT technique.

Several studies have directly compared the TT and the

AM technique; however, the vast majority of these studies

are cadaveric or imaging [3–5, 7, 8, 10]. Although these

studies have provided insight into the in vitro biomechan-

ical and graft placement differences between the two

techniques, they do not directly address the more important

question: are there differences in clinical and functional

outcomes between the two femoral tunnel drilling tech-

niques? Thus, a strong recommendation has been made for

research studies to evaluate whether there are clinical and

functional differences between the two techniques [8].

A meta-analysis comparing the outcomes of patients

from different studies with ACL reconstruction using either

the TT or the AM technique found that the AM group had

greater range of motion and passive knee stability in the

initial 2 years after reconstruction [1]. Additionally, the

AM group returned to running in a shorter period than

the TT group. In contrast, the TT group had higher activity

level in long-term follow-up. It is important to note,

however, that only studies that used a bone-patellar tendon-

bone (BPTB) graft were included in this meta-analysis. The

same research group performed a retrospective study

comparing the functional and clinical outcomes between

the TT and the AM groups and found that the AM group

demonstrated superior outcomes. As in the meta-analysis,

they limited their comparison only to those patients who

had a BPTB graft. They found that the AM group required

a shorter time to return to functional activities and dem-

onstrated better passive knee stability [2].

In recent years, the hamstrings graft for ACL recon-

struction has gained popularity. In Canada, 73 % of

orthopaedic surgeons indicated that it is their graft of

preference [19]. In the authors’ knowledge, no studies have

directly compared the functional and clinical outcomes

between the TT and AM technique in patients with ham-

strings ACL reconstruction. The purpose of this study is to

compare Lysholm score, functional (single hop for dis-

tance, triple hop for distance, sidestep for time and carioca

for time) and isokinetic outcomes (knee flexion and

extension at 60 and 180�/s) between patients who had ACL

reconstruction with a hamstrings autograft using either the

TT or AM femoral tunnel drilling technique. Based on

previous literature, we hypothesized that the AM group

will have better outcomes than the TT group. Although

long-term results are more important than short-term

results, knowing whether there are group differences at 3

and 6 months will inform the customization of post-oper-

ative rehabilitation protocols.

Materials and methods

This prospective non-randomized trial was performed in a

large outpatient physical therapy clinic with a group of

recreational athletes (Table 1). Strict inclusion criteria

were placed in order to create a homogenous sample.

A total of 53 male consecutive patients who met the

following inclusion criteria were enrolled in the study:

(a) ACL reconstruction with a single-bundle, quadruple

hamstrings autograft, (b) no associated ligamentous inju-

ries or meniscal tear in more than 25 % of either meniscus,

(c) no associated cartilage restoration or meniscal repair

procedures, (d) no history of knee injury or pathology in

the contralateral knee, (e) less than 5-mm side-to-side

difference in the instrumented Lachman test, (f) no serious

post-surgical complications such as infection or fracture,

(g) participation in sports before the injury a minimum of

twice per week, (h) age between 15 and 40 years old and

(i) no history of neuromuscular or systemic disease. Two

patients from the TT group did not complete the 6-month

follow-up assessment; therefore, data analysis was per-

formed on 51 patients with complete data. Blinding of the

participants and assessors to group allocation was main-

tained throughout the study.

Procedures

All patients who met the inclusion criteria agreed to par-

ticipate. After completing an informed consent form, the

Table 1 Means (SD) of baseline characteristics of the groups

Anteromedial (N = 15) Transtibial (N = 36)

Age (years) 21.5 (4) 24.9 (6)

Weight (kg) 78.2 (8) 79.9 (11)

Height (cm) 179.8 (5) 179.0 (5)
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participants were enrolled in a standardized rehabilitation

protocol. Information on concomitant injuries and the

surgical procedure was extracted from the operative report.

In an effort to increase external validity of the study, the

surgical procedure was not standardized. The reconstruc-

tions were performed by 12 different sports medicine sur-

geons who each had a minimum of 5-year experience with

using the TT or AM technique. Graft fixation was achieved

by cross-pins or endobutton. Of the 12 surgeons, 7 con-

tributed patients to the TT group only, 4 contributed

patients to the AM group only while one surgeon con-

tributed patients to both the groups.

The structured rehabilitation protocol was based on the

principles of the accelerated rehabilitation protocol and that

has been described elsewhere [25] and emphasized swell-

ing reduction, early return of range of motion, patella

mobility, early weight bearing, strength training and pro-

prioception exercises. All interventions were performed by

the same physical therapist, while a second physical ther-

apist performed all testing and data collection. Both

physical therapists were blinded to group allocation for

each patient.

All patients were instructed to inform the tester whether

pain was experienced in either lower extremity during

testing. Prior to both data collection times, the Rolimeter

was used to measure anterior translation with the knee at

30� (Lachman test) and at 90� of flexion (anterior drawer

test) to confirm that less than 5-mm side-to-side difference

was present. The Rolimeter has been shown to provide

reliable and valid measurements of anterior knee laxity

[9]. The outcome measures consisted of the Lysholm

questionnaire, isokinetic and functional testing. The Lys-

holm questionnaire has acceptable test–retest reliability

(ICC = 0.9) and internal consistency for patients with

ACL reconstruction [6]. Prior to the isokinetic test, subjects

warmed up by riding a stationary bike for 5 min at 90 rpm

with submaximal effort. Placement of subjects was stan-

dardized and performed at 60� and 180�/s as described in

detail elsewhere [16]. Peak torque for knee extension and

flexion in each angular velocity (average of three trials)

were calculated. Both lower extremities were tested at 3

and 6 months as there is evidence that the isokinetic per-

formance of the healthy lower extremity also changes over

time after knee surgery and rehabilitation [17].

Four functional tests were used: (a) the single-leg hop

is a unilateral maximal hop for distance with the arms

behind the back, (b) the triple hop consists of three hops

for distance starting with a bilateral jump–unilateral

landing, followed by a unilateral hop and landing and

ending by a unilateral hop to a bilateral landing, (c) the

sidestep test for time required the participants to move

laterally without crossover for a distance of 6.3 m starting

with the direction of the ACL-reconstructed leg, return in

the opposite direction and repeat once more in both

directions without pause [14], and (d) the carioca test for

time is identical to the sidestep test but with crossover.

Three trials were performed for each functional test. The

healthy lower extremity was tested first for the distance

tests followed by the lower extremity with the ACL

reconstruction. All functional tests have high reliability

and validity [15, 24].

Data processing

The Lysholm score was scored as per standard procedures

[26]. The best trial was used in the statistical analysis for

the distance tests, while the average of the three trials was

used for the timed tests. The limb symmetry index (LSI)

was calculated for all isokinetic and functional measure-

ments as per the following formula: value of involved

leg/value of uninvolved leg 9 100 [20]. With this method,

each value is presented as a proportional deficit (percent-

age) of the operated compared to the non-operated leg, and

thus, it minimizes biological variability between subjects

and allows for more accurate comparisons [24].

Statistical analysis

A 2 9 2 (time x group) repeated measures analysis of

variance (ANOVA) was used for the Lysholm scores. Two

separate 2 9 2 (time 9 group) multivariate ANOVAs

(MANOVAs) were used for the functional (single hop,

triple hop, sidestep and crossover) and isokinetic tests

(knee flexion at 60 and 180�/s). Data were inspected to

insure that the ANOVA and MANOVA assumptions were

not violated. Univariate and pairwise tests were used as

post hoc tests when statistical significance defined a priori

as a B 0.05 was reached. All analyses were performed in

SPSS 13.0 (SPSS Inc, Chicago, IL).

Results

There were significant effects for time, group and their

interaction for the Lysholm score (p B 0.05). Post hoc tests

showed that the AM portal group had higher Lysholm

score at 3 months than the TT portal group and that

both groups had increased scores from 3 to 6 months

(p B 0.05). For the functional tests, there were significant

effects of time and group (p B 0.05) but no interaction

(p = n.s.). Performance on all functional tests improved

from 3 to 6 months (p B 0.05). The AM group performed

better than the TT group in the sidestep and carioca tests

(p B 0.05). For isokinetics, there was a significant effect of

time (p B 0.05) but no effect of group or interaction

(p = n.s.). From 3 to 6 months, performance in isokinetic
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knee flexion at 60�/s and knee extension at both speeds

significantly increased (p B 0.05) (Table 2).

Discussion

The main finding was that patients undergoing ACL

reconstruction with an AM portal femoral tunnel drilling

approach have higher functional levels (as measured by the

Lysholm score) 3 months after surgery than their coun-

terparts who had the TT approach. Additionally, the AM

group exhibited better scores in the timed lateral functional

tests (sidestep and carioca) than the TT group in the first

6 months after surgery. Although both groups demon-

strated similar scores in most outcomes, it appears that the

AM group demonstrated quicker return to function. Geli

et al. [2] have previously shown that the AM group requires

a shorter time to return to functional activities than the TT

group when a BPTB graft is used. The present study is the

first (to the authors’ knowledge) to extend these findings to

patients who had an ACL reconstruction with a hamstrings

autograft. However, the reader is advised to interpret these

findings with caution as this was not a randomized clinical

trial. Additionally, recent evidence from the Danish ACL

registry suggests that the AM technique is associated with a

larger revision rate than the TT technique [27].

Probably, the most important advantage of the AM

technique is the flexibility it provides to the surgeon to

place the femoral tunnel in a more oblique position [4].

Placing the ACL graft in a more oblique position allows for

better control of excessive tibial rotation [21, 28] which is a

common problem after ACL reconstruction [11]. Addi-

tionally, there is evidence that the AM approach may better

control anterior translation than the TT approach [3].

The exact mechanisms that contribute to better function

and performance in the AM group are unclear. It is possible

that the better passive stability provided by the more

anatomically placed graft may allow the athlete to perform

higher-level activities with higher speed and better agility

without the danger of knee instability. In other words, the

suboptimal placement of the graft with the TT technique

may cause feelings or anticipation of instability when the

athlete performs high-level activities which in turn may

decrease performance. None of the participants in this

study complained of feelings of pain or instability with any

of the tests, suggesting that the rotational and anterior

translation differences that may exist between the two

techniques [3, 5] are too subtle to be identified by the

human sensorimotor system yet important enough to cause

differences in function and performance. An alternative

explanation would be that the musculature in the AM group

was better developed than in the TT group. However, given

that no significant isokinetic differences were found

between the two groups and that the two surgical tech-

niques do not differ in the way they violate the muscles

around the knee, this explanation may be less likely.

Despite the superior functional outcomes of the AM

group in this study, the AM approach is not without

shortcomings that would require the surgeon to pay par-

ticular attention. Using the AM approach requires partic-

ular attention to avoid creating a femoral tunnel that is too

short or causes posterior femoral wall blowout [4, 7].

Additionally, some fixation techniques require instruments

that are designed for TT drilling of the femoral tunnel. It is

likely that as the AM technique will become more popular,

once better surgical instrumentation will become available.

More importantly, a higher revision rate was noted in a

large study when the AM technique was used [27].

Physical therapists should have access to the type of

femoral drilling technique that was used for ACL recon-

struction and its respective advantages and disadvantages.

Those patients treated with the AM approach may be able

to progress faster than those with the TT approach. It is

important to note that there were no significant differences

Table 2 Means (SD) of outcome variables at 3 and 6 months

3 months 6 months

Anteromedial group Transtibial group Anteromedial group Transtibial group

Lysholm 96.0 (3.8) 92.2 (4.3) 99.0 (2.0) 98.8 (2.1)

LSI single hop (%) 87 (14) 80 (12) 93 (8) 91 (11)

LSI triple hop (%) 83 (11) 84 (13) 91 (6) 91 (9)

Sidestep (s) 9.9 (0.8) 10.5 (1.2) 9.0 (0.5) 9.6 (0.9)

Carioca (s) 10.7 (1.0) 11.6 (1.3) 9.5 (0.7) 10.2 (0.9)

LSI peak torque knee flexion at 60�/s (%) 89.9 (24) 88.2 (15) 99.0 (13) 96.3 (13)

LSI peak torque knee flexion at 180�/s (%) 91.9 (19) 92.3 (14) 96.8 (14) 94.9 (10)

LSI peak torque knee extension at 60�/s (%) 82.8 (13) 76.3 (15) 93.3 (15) 90.1 (18)

LSI peak torque knee extension at 180�/s (%) 82.3 (14) 78.1 (14) 92.7 (10) 88.1 (13)

LSI limb symmetry index, injured leg/healthy leg 9 100
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between the two groups in the single and triple hop for

distance tests that are commonly used for progressing

athletes through the rehabilitation protocol [20]. However,

in the lateral motion timed tests which are important

components of commonly used tests [20], the AM group

performed better.

This study examined functional outcomes after ACL

reconstruction up to 6 months after surgery that is com-

monly considered the time for return to sports. Although it

provides important information for patients, surgeons and

rehabilitation professionals, it is limited by the short fol-

low-up. Future studies should follow patients of both

groups for longer periods of time to determine whether the

differences remain. Additionally, studies with long-term

follow-ups will provide information on whether the AM

technique and the better rotational stability it provides [3]

reduces the rate of early-onset knee osteoarthritis that is a

common and devastating problem after ACL reconstruc-

tion with the more traditional TT approach [22, 23].

The findings of the present study should be interpreted

with caution in the light of several limitations. A small

sample size is noted; particularly for the AM group.

Although there were no baseline differences in key

anthropometric variables, group allocation was not ran-

domized and may have been a confounder. The ACL

reconstructions were performed by several surgeons, thus

adding an additional confounder. The Lysholm score

demonstrated a ceiling effect at 6 months; a different scale

may have been more sensitive in identifying functional

differences between the two groups. As mentioned above,

the short follow-up raises the question on whether the

superiority of the AM approach holds in longer-term fol-

low-ups. A meta-analysis that compared outcomes between

studies that used the AM approach to those that used the

TT approach found that although the AM technique had

better outcomes in the short-term, there were no differences

when follow-up exceeded 3 years.

The findings of this study provide direct implications for

clinical practice. Both surgical techniques produced com-

parable results for most outcome measures. However, it

appears that quicker return to function and to higher per-

formance in lateral movements occurs in the AM group.

This may be important for athletes involved in sports that

require quick lateral movements such as basketball and

team handball. Clinicians and patients should take this

information into consideration when choosing the surgical

technique.

Conclusion

In conclusion, there were no differences between the two

groups for most outcomes. A higher functional score at

3 months and better performance in lateral movements at

3 and 6 months for the AM group are noted. Significant

improvements for both groups were observed between 3 and

6 months. Orthopaedic surgeons and physical therapist

should take into consideration the surgical technique as they

progress patients recovering from ACL reconstruction

through the different phases of the rehabilitation protocol.
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