ORIGINAL ARTICLE

Surgeon Experience in Transitioning from Transtibial
to Anteromedial Portal Drilling in Anterior Cruciate
Ligament Reconstruction
ABSTRACT
purpose Recent evidence suggests that anterior cruciate ligament reconstruction performed with an anteromedial (AM) portal drilling technique may better
recreate the native anatomy of the femoral footprint than transtibial drilling,
potentially leading to improved knee kinematics and better clinical outcomes.
The purpose of this study is to describe the operative experience of a single
surgeon in transitioning from transtibial to anteromedial portal drilling in ACL
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reconstruction. We hypothesized that, with meticulous technique, a transition
to AM portal drilling can occur without an increase in intra-operative complications and with only a slight increase in operative time.
METHODS From January 2013 to December 2013, 47 patients underwent allograft ACL reconstruction by the senior author, 29 with a transtibial technique
and 18 with anteromedial portal drilling. At the conclusion of the study period,
all patient charts and operative reports were reviewed to assess surgical differences and intra-operative complications between the two groups.
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RESULTS There were no differences between the transtibial and anteromedial groups in patient demographics or associated procedures performed. ACL
reconstruction with anteromedial portal drilling had a significantly longer
tourniquet time than the transtibial group (34 +/- 5 minutes versus 29 +/- 7
minutes, p = 0.015). There was a significantly increased incidence of bioabsorbable screw breakage in the anteromedial group (p=0.011), resulting in a
switch to titanium interference screws in anteromedial portal ACL reconstruction. There were no further complications with interference screw placement
after switching to titanium screws. There was no difference between transtibial and anteromedial portal techniques in posterior wall blowout or other
intra-operative complications.
CONCLUSION Surgeons who perform ACL reconstruction with a transtibial
technique can expect a slight, although significant, increase in tourniquet time
while transitioning to an anteromedial portal technique. Surgeons should consider using titanium interference screw fixation while transitioning to an anteromedial portal technique to avoid femoral screw breakage during insertion of
bioabsorbable interference screws.
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Transitioning from Transtibial to Anteromedial Portal Drilling in ACL Reconstruction
Anterior cruciate ligament (ACL) reconstruction is one of
the most commonly performed orthopaedic procedures in the
United States.1 In recent decades, a transtibial technique (TT)
had been advocated in order to reduce the operative time and
surgical trauma associated with a two-incision technique.2-3
However, evidence is mounting that ACL reconstruction performed with TT drilling technique may not consistently and
anatomically replicate the native ACL femoral footprint.4-8 As
a result, knee kinematics after ACL reconstruction with a TT
technique may fail to replicate that of the native knee.3,9-10 Moreover, non-anatomic graft position has been implicated as a cause
of graft failure in many series.11-14
As a result, many surgeons have advocated an anteromedial (AM) portal drilling technique in order to yield a more
anatomic ACL femoral footprint, recreate the obliquity of the
native ACL, and allow for more anatomic placement of the tibial tunnel by uncoupling femoral and tibial drilling.15-21 Recent
clinical data have suggested that AM portal ACL reconstruction may result in improved clinical outcomes with increased
knee stability, range of motion, and decreased odds of repeat
(ipsilateral) knee surgery.22-23
While biomechanical and clinical data may encourage surgeons to switch to an AM drilling technique, there are few studies
to guide surgeons in the operating room while changing techniques.20-21 The purpose of this study is to describe the experience
of a single sports medicine fellowship-trained surgeon, performing greater than 100 ACL reconstructions annually, while transitioning from TT to AM technique for ACL reconstruction. We
hypothesized that, with meticulous technique, a transition to AM
portal drilling can occur without an increase in intra-operative
complications and with only a slight increase in operative time.
FIGURE 1
A

METHODS
Prior to the study period, the senior author performed over
500 ACL reconstructions over a five-year period using a TT femoral drilling technique. From January 2013 to December 2013,
the senior author began to transition to an anteromedial portal
drilling technique. During the study period, 145 patients underwent ACL reconstruction, 96 with autograft and 49 with allograft.
During the transition period, the senior author performed all
autograft ACL reconstructions with a standard TT technique.
ACL reconstructions with allograft were performed with TT or
AM portal techniques, chosen in a non-random fashion based on
surgeon preference. Of the 49 allograft ACL reconstructions, two
were excluded from the study because of concomitant procedures
performed during the same anesthetic. The remaining 47 allograft
ACL reconstructions represent the study population. 29 operations were performed with a TT drilling technique and 18 were
performed with an AM portal drilling technique.
Operative Technique
In all cases, a standard diagnostic arthroscopy was performed
along with associated arthroscopic procedures, including partial meniscectomy, chondroplasty, plica excision, and removal
of loose bodies, prior to insufflation of the tourniquet. The tourniquet was subsequently inflated after debridement of the ACL
stump and prior to beginning the creation of the bone tunnels.
The tourniquet was deflated after insertion of the femoral and tibial interference screws and prior to wound closure.
TT ACL reconstruction was performed using patellar tendon
allograft in all cases. Grafts were prepared with bone plugs designed to pass easily through a 10-millimeter tunnel. The patellar

Anterior cruciate ligament reconstruction using anteromedial portal drilling
B

Right knee of a 51 year old female (A) A passing suture is visible in the femoral tunnel. (B) The patellar tendon allograft has
been fixed with a titanium interference screw.
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bone plug was cut to 30 millimeters in length and passed into the
femoral tunnel. Femoral tunnels were drilled with a 10-millimeter
acorn reamer to a depth of 31 millimeters. A bioabsorbable interference screw (DePuy Mitek Milagro, Raynham, MA or Arthrex
BioComposite, Naples, FL) was used for femoral fixation.

lamazoo, MI). Bioabsorbable interference screws (Arthrex BioComposite, Naples, FL) were used for femoral fixation initially. Titanium
interference screws (Stryker Universal, Kalamazoo, MI) were used in
subsequent cases secondary to screw breakage (Figure 1B).

AM ACL reconstructions were performed using patellar tendon
allograft, with the exception of one Achilles allograft that was used to
avoid a graft length mismatch. Grafts were prepared with bone plugs
fashioned to easily pass through a 10-millimeter tunnel. The femoral
bone plug was cut to 22 to 23 millimeters in length and a 10-millimeter femoral tunnel was drilled to a depth of 23 to 24 millimeters
(Figure 1A). Femoral tunnel drilling was performed in 105 degrees
of knee hyperflexion using flexible reamers (Stryker VersiTomic, Ka-

Statistical Analysis

TABLE 1

Following the study period, and after approval by the institutional review board, all allograft ACL reconstructions were reviewed retrospectively to assess for differences between the TT
and AM techniques, including operative time and surgical complications. Comparisons between groups on normally distributed data were done using a Student’s t-test. Comparisons of two or
more groups of ordinal variables were done
using contingency table analysis with chiDemographic variables of the transtibial and anteromedial
square or the Fisher exact probability test.
portal groups, showing no significant differences
Demographics

N
Age (yrs)

Transtibial

Anteromedial Portal

29

18

44.8 ± 8.5

47.1 ± 6.5

RESULTS
P Value
0.35

0.07

Gender
Male

9

11

Female

20

7

Height (cm)

168.7 ± 7.6

171.5 ± 8.5

0.24

Weight (kg)

75.7 ± 15.1

75.5 ± 13.1

0.94

BMI

26.5 ± 4.9

25.6 ± 3.2

0.50
0.77

Laterality
Right

13

7

Left

16

11

TABLE 2

Associated procedures were performed concurrently in the
majority of patients. There was no difference in the incidence of
meniscectomy, chondroplasty, plica excision, removal of loose
bodies, or microfracture between the TT and AM groups.
Associated Procedures

N

Transtibial

Anteromedial Portal

29

18

P Value
0.87

Meniscectomy
Partial medial

6

2

Partial lateral

12

9

Partial medial & lateral

7

5

None

4

2

28

17

1

0.27

Chondroplasty

DISCUSSION

Plica excision

4

5

Removal of loose body

1

0

1

Microfracture

0

1

0.38

26

There were no differences in demographic data between the TT and AM groups, including age, gender, height, weight, BMI, and
laterality of ACL reconstruction (Table 1).
There was no difference in the distribution
of associated procedures performed with
ACL reconstruction (Table 2).
Tourniquet time was significantly longer
in the AM group (p=0.015). In the TT group,
average tourniquet time was 29 minutes
(standard deviation (SD) 5 minutes, range
19-42 minutes), compared to 34 minutes for
the AM group (SD 7 minutes, range 23-47
minutes). There were no cases of breakage
of the bioabsorbable femoral interference
screw in any of the 29 cases in the TT group.
In the AM group, the bioabsorbable femoral
interference screw broke during screw insertion in two of the four cases in which a
bioabsorbable screw was used (p=0.011). In
the other 14 cases in the AM group, a titanium interference screw was inserted without
issue. There were no incidences of posterior
wall blow out or other intra-operative complications. Surgical variables under study are
found in Table 3.

Given the current biomechanical and clinical data regarding the benefits of AM drilling
in ACL reconstruction, it is likely that many
surgeons have considered switching from a
TT technique to AM portal drilling. Many
biomechanical studies have discussed the
superiority of AM drilling in recreating the
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anatomy of the femoral footprint.2,4-6,16 AddiTABLE 3
The surgical experience was compared between the TT and AM
tionally, clinical studies have suggested supegroups. There was a significantly longer tourniquet time and increased
rior outcomes and decreased odds of repeat
incidence of femoral screw breakage in the AM group. There was no
ipsilateral knee surgery after ACL recondifference in complications between the TT and AM groups.
23-24
struction with AM versus TT techniques.
However, studies designed to help the indiAssociated Procedures
vidual surgeon switch techniques for ACL
reconstruction are limited.20-21
Transtibial
Anteromedial Portal
P Value
Several authors have previously evaluatN
29
18
ed differences in femoral tunnel length and
Proceudre
1
graft obliquity between AM and TT techniques.18-19,25 Chang et al. evaluated 55 TT
Primary ACL
28
17
and 50 AM ACL reconstructions with hamRevision ACL
1
1
string autograft to identify factors associ18
Tourniquet time (mins)
29.3 ± 5.0
33.9 ± 7.1
0.015
ated with tunnel length. Femoral tunnel
length was significantly shorter in the AM
Graft type
0.38
group (34.2 versus 43.3 mm). Twenty-six
BTB
29
17
percent of knees in the AM group and two
Achilles
0
1
percent in the TT group had a femoral tunFemoral tunned depth
31
23.2
nel length less than 30 mm. The authors
<0.001
found that a more oblique femoral tunnel
Femoral bone plug diameter
10
10
1
and a narrower mediolateral width of the
Femoral bone plug length
30
22.1
<0.001
distal femur were associated with a shortFemoral screw diameter
0.64
er tunnel length. In our study, all TT ACL
reconstructions were drilled to a depth of
7mm
28
17
31 mm and all AM femoral tunnels were
8mm
1
1
drilled to a depth of 23 to 24 mm without
Femoral screw length
<0.001
violating the lateral femoral cortex. This
difference in femoral tunnel depth is im20mm
0
14
portant to recognize when making the tran23mm
0
4
sition from TT to AM portal drilling.
28mm
1
0
Ilahi et al. reviewed 115 ACL reconstruc30mm
28
0
tions, 35 with TT femoral drilling and 80 with
accessory AM portal drilling.25 Graft selection
Screw type
<0.001
included hamstring autograft, patellar tendon
Metal
0
14
autograft, and patellar tendon allograft, with
Bioabsorbable
29
4
suspensory fixation used on all grafts. Average
femoral tunnel length was again significantly
Screw breakage
0
2
0.011
shorter in the AM group (35.6 mm versus
Complications
40.7 mm). The authors found that the statisPosterior wall blowout
0
0
1
tical likelihood of having a femoral tunnel less
Nerve injury
0
0
1
than 25 mm in length with AM drilling is 0.47
percent for female patients and 0.1 percent for
Superficial infection
0
0
1
male patients. This finding is consistent with
Deep infection
1
0
1
our study, as none of the 47 patients had a
femoral tunnel less than 25 mm.
The use of bioabsorbable and metallic interference screw fixation
technique of femoral tunnel drilling used. A recent meta-analysis
in ACL reconstruction has been evaluated by several authors.26-28 A
concluded that there was no difference in knee stability or function
randomized controlled study of patellar tendon autograft ACL reafter ACL reconstruction with metal or bioabsorbable implants;
constructions performed with bioabsorbable and titanium interferhowever, the incidence of knee joint effusions was higher with bioence screws found no difference in range of motion, knee effusions,
absorbable implants.27 The authors did not comment on the inciinstability episodes, or KT-1000 side-to side differences at one and
dence of screw breakage in the bioabsorbable group.
two years follow-up.26 Radiographic analysis showed no evidence of
Screw breakage with bioabsorbable femoral interference screws
osteolysis or difference in tunnel widening between the groups. The
has been previously reported.28-30 In a study by Barber et al., bioauthors reported that no bioabsorbable interference screw broke
absorbable interference screw breakage occurred in six of 85 cases
during screw insertion, however they did not comment on the
(7.1 percent) during femoral screw insertion.28 Twelve of 204 (5.9
Volume 17 June 2016
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percent) bioabsorbable femoral screws broke during insertion in
the study by McGuire et al., without any adverse events or need for
additional fixation besides replacement of the interference screw.30
In our study, no bioabsorbable screw breakage occurred in 29 cases with TT drilling. However, with AM portal drilling, breakage of
the bioabsorbable screw occurred in two of the four cases where
bioabsorbable screws were used, resulting in a switch to titanium
interference screws for subsequent AM portal ACL reconstructions.
The increased incidence of screw breakage with AM portal drilling
in our study is possibly related to the use of flexible reamers and the
subsequent creation of slightly curved femoral tunnels, compared
to the straight tunnels created with TT technique or an AM technique with use of rigid reamers. Surgeons transitioning from TT to
AM techniques should be aware of this factor when choosing implants for femoral fixation, as well as during screw insertion.
This study is a retrospective review of a single surgeon’s experience during the first year of transitioning from TT to AM
portal drilling in ACL reconstruction. During this transition period, there were no major complications related to the change in
technique used. On average, the tourniquet time with AM portal
drilling was five minutes longer than TT drilling in the study population. This difference is likely due to the surgeon adjusting to a
new technique, and might be expected to decrease over time with
experience. Further research should focus on analyzing surgical
time and complications with increased experience of AM portal
drilling, as well as analyzing radiographic and clinical outcomes
between the AM and TT groups.
There are several limitations to the current study. All ACL reconstructions were performed by a single surgeon using patellar
tendon allograft in most cases with interference screw fixation of
the femoral bone plug. Thus, the results of this study may not be
generalizable to ACL reconstructions with autograft, soft tissue
grafts, or with different techniques for femoral fixation. The experience of the senior author may also not be generalizable to other
surgeons with varying clinical volume, training, and years in practice. Additionally, there is no radiographic or clinical follow-up
on the patients in this study. Thus, we are unable to comment on
the tunnel position or the clinical outcomes between the AM and
TT groups. Additionally, there are a small number of patients in
each group of this study. However, this represents the senior author’s experience during the first year of transitioning from TT to
AM drilling, and is thus relevant to other orthopaedic surgeons
who are considering changing techniques.
CONCLUSION
Surgeons who perform ACL reconstruction with a TT technique may experience a slight increase in tourniquet time while
transitioning to an AM drilling technique. Surgeons should consider using titanium interference screw fixation while transitioning to AM portal techniques to avoid femoral screw breakage
during insertion of bioabsorbable interference screws. With meticulous technique, the experienced ACL surgeon can expect to
transition from TT drilling to AM portal technique without an
increase in intra-operative complications.

28

REFERENCES
1. Van de Velde SK, Gill TJ, Li G. Evaluation of kinematics of anterior cruciate ligament-deficient knees with use of advanced imaging techniques, three-dimensional modeling techniques, and
robotics. J Bone Joint Surg Am. 2009 Feb;91 Suppl 1:108-14. doi:
10.2106/JBJS.H.01382.
2. Kopf S, Forsythe B, Wong AK, et al. Nonanatomic tunnel position in traditional transtibial single-bundle anterior cruciate ligament reconstruction evaluated by three-dimensional computed
tomography. J Bone Joint Surg Am. 2010 Jun;92(6):1427-31. doi:
10.2106/JBJS.I.00655.
3. Wang H, Fleischli JE, Zheng NN. Transtibial versus anteromedial portal technique in single-bundle anterior cruciate
ligament reconstruction: outcomes of knee joint kinematics
during walking. Am J Sports Med. 2013 Aug;41(8):1847-56. doi:
10.1177/0363546513490663. Epub 2013 Jun 10.
4. Arnold MP, Kooloos J, van Kampen A. Single-incision technique misses the anatomical femoral anterior cruciate ligament
insertion: a cadaver study. Knee Surg Sports Traumatol Arthrosc.
2001 Jul;9(4):194-9.
5. Gavriilidis I, Motsis EK, Pakos EE, Georgoulis AD, Mitsionis
G, Xenakis TA. Transtibial versus anteromedial portal of the femoral tunnel in ACL reconstruction: a cadaveric study. Knee. 2008
Oct;15(5):364-7. doi: 10.1016/j.knee.2008.05.004. Epub 2008 Jun 25.
6. Heming JF, Rand J, Steiner ME. Anatomical limitations of transtibial drilling in anterior cruciate ligament reconstruction. Am J
Sports Med. 2007 Oct;35(10):1708-15. Epub 2007 Jul 30.
7. Abebe ES, Moorman CT, 3rd, Dziedzic TS, et al. Femoral tunnel
placement during anterior cruciate ligament reconstruction: an in
vivo imaging analysis comparing transtibial and 2-incision tibial tunnel-independent techniques. Am J Sports Med. 2009 Oct;37(10):190411. doi: 10.1177/0363546509340768. Epub 2009 Aug 17.
8. Kaseta MK, DeFrate LE, Charnock BL, Sullivan RT, Garrett WE,
Jr. Reconstruction technique affects femoral tunnel placement in
ACL reconstruction. Clin Orthop Relat Res. 2008 Jun;466(6):146774. doi: 10.1007/s11999-008-0238-z. Epub 2008 Apr 11.
9. Loh JC, Fukuda Y, Tsuda E, Steadman RJ, Fu FH, Woo SL. Knee
stability and graft function following anterior cruciate ligament
reconstruction: Comparison between 11 o’clock and 10 o’clock
femoral tunnel placement. 2002 Richard O’Connor Award paper.
Arthroscopy. 2003 Mar;19(3):297-304.
10. Scanlan SF, Chaudhari AM, Dyrby CO, Andriacchi TP. Differences in tibial rotation during walking in ACL reconstructed and
healthy contralateral knees. J Biomech. 2010 Jun 18;43(9):1817-22.
doi: 10.1016/j.jbiomech.2010.02.010. Epub 2010 Feb 23.

THE ORTHOPAEDIC JOURNAL AT HARVARD MEDICAL SCHOOL

Transitioning from Transtibial to Anteromedial Portal Drilling in ACL Reconstruction
11. Scopp JM, Jasper LE, Belkoff SM, Moorman CT, 3rd. The effect
of oblique femoral tunnel placement on rotational constraint of
the knee reconstructed using patellar tendon autografts. Arthroscopy. 2004 Mar;20(3):294-9.
12. Tudisco C, Bisicchia S. Drilling the femoral tunnel during
ACL reconstruction: transtibial versus anteromedial portal techniques. Orthopedics. 2012 Aug 1;35(8):e1166-72. doi:
10.3928/01477447-20120725-14.
13. Morgan JA, Dahm D, Levy B, Stuart MJ. Femoral tunnel
malposition in ACL revision reconstruction. J Knee Surg. 2012
Nov;25(5):361-8. doi: 10.1055/s-0031-1299662. Epub 2012 May 3.
14. MARS Group. Radiographic findings in revision anterior cruciate
ligament reconstructions from the Mars cohort. J Knee Surg. 2013
Aug;26(4):239-47. doi: 10.1055/s-0032-1329717. Epub 2013 Feb 12.
15. Steiner ME. Independent drilling of tibial and femoral tunnels
in anterior cruciate ligament reconstruction. J Knee Surg. 2009
Apr;22(2):171-6.
16. Harner CD, Honkamp NJ, Ranawat AS. Anteromedial portal
technique for creating the anterior cruciate ligament femoral tunnel. Arthroscopy. 2008 Jan;24(1):113-5.
17. Hantes ME, Zachos VC, Liantsis A, Venouziou A, Karantanas AH, Malizos KN. Differences in graft orientation using the
transtibial and anteromedial portal technique in anterior cruciate ligament reconstruction: a magnetic resonance imaging study.
Knee Surg Sports Traumatol Arthrosc. 2009 Aug;17(8):880-6. doi:
10.1007/s00167-009-0738-8. Epub 2009 Feb 24.
18. Chang CB, Choi JY, Koh IJ, Lee KJ, Lee KH, Kim TK. Comparisons of femoral tunnel position and length in anterior cruciate
ligament reconstruction: modified transtibial versus anteromedial portal techniques. Arthroscopy. 2011 Oct;27(10):1389-94. doi:
10.1016/j.arthro.2011.06.013. Epub 2011 Sep 1.
19. Dargel J, Schmidt-Wiethoff R, Fischer S, Mader K, Koebke J,
Schneider T. Femoral bone tunnel placement using the transtibial
tunnel or the anteromedial portal in ACL reconstruction: a radiographic evaluation. Knee Surg Sports Traumatol Arthrosc. 2009
Mar;17(3):220-7. doi: 10.1007/s00167-008-0639-2. Epub 2008 Oct 9.
20. Bedi A, Altchek DW. The “footprint” anterior cruciate ligament technique: an anatomic approach to anterior cruciate ligament reconstruction. Arthroscopy. 2009 Oct;25(10):1128-38. doi:
10.1016/j.arthro.2009.03.008. Epub 2009 Aug 22.

21. Lubowitz JH. Anteromedial portal technique for the anterior
cruciate ligament femoral socket: pitfalls and solutions. Arthroscopy. 2009 Jan;25(1):95-101. doi: 10.1016/j.arthro.2008.10.012.
22. Alentorn-Geli E, Lajara F, Samitier G, Cugat R. The transtibial versus the anteromedial portal technique in the arthroscopic
bone-patellar tendon-bone anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc. 2010 Aug;18(8):101337. doi: 10.1007/s00167-009-0964-0. Epub 2009 Nov 10.
23. Duffee A, Magnussen RA, Pedroza AD, Flanigan DC, Kaeding
CC. Transtibial ACL Femoral Tunnel Preparation Increases Odds
of Repeat Ipsilateral Knee Surgery. J Bone Joint Surg Am. 2013
Nov 20;95(22):2035-42. doi: 10.2106/JBJS.M.00187.
24. Sadoghi P, Kropfl A, Jansson V, Muller PE, Pietschmann MF,
Fischmeister MF. Impact of tibial and femoral tunnel position
on clinical results after anterior cruciate ligament reconstruction. Arthroscopy. 2011 Mar;27(3):355-64. doi: 10.1016/j.arthro.2010.08.015. Epub 2010 Dec 8.
25. Ilahi OA, Ventura NJ, Qadeer AA. Femoral tunnel length:
accessory anteromedial portal drilling versus transtibial drilling. Arthroscopy. 2012 Apr;28(4):486-91. doi: 10.1016/j.arthro.2011.09.018. Epub 2012 Jan 20.
26. Kaeding C, Farr J, Kavanaugh T, Pedroza A. A prospective
randomized comparison of bioabsorbable and titanium anterior cruciate ligament interference screws. Arthroscopy. 2005
Feb;21(2):147-51.
27. Shen C, Jiang SD, Jiang LS, Dai LY. Bioabsorbable versus
metallic interference screw fixation in anterior cruciate ligament reconstruction: a meta-analysis of randomized controlled
trials. Arthroscopy. 2010 May;26(5):705-13. doi: 10.1016/j.arthro.2009.12.011.
28. Barber FA, Elrod BF, McGuire DA, Paulos LE. Preliminary
results of an absorbable interference screw. Arthroscopy. 1995
Oct;11(5):537-48.
29. Barber FA, Elrod BF, McGuire DA, Paulos LE. Bioscrew fixation
of patellar tendon autografts. Biomaterials. 2000 Dec;21(24):2623-9.
30. McGuire DA, Barber FA, Elrod BF, Paulos LE. Bioabsorbable
interference screws for graft fixation in anterior cruciate ligament
reconstruction. Arthroscopy. 1999 Jul-Aug;15(5):463-73.

Volume 17 June 2016

29

