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Analysis of Femoral Tunnel Position Targeted at
Bifurcate Ridge Using Anteromedial Portal Technique
in Anatomic Anterior Cruciate Ligament Reconstruction

Chi-Hyoung Pak, M.D., Dong Hwi Kim, M.D.”, Sung Jung, M.D., and Sung Hun Yang, M.D.
Department of Orthopaedic Surgery, Chosun University School of Medicine, Gwangju, Korea

Purpose: The purpose of this study is to analyze the position of the 10-mm-sized femur tunnel drilled aiming for the bifurcate ridge using
anteromedial portal technique with ‘Figure of 4 position” by 3-dimensional computed tomography (3D-CT) reconstruction images after
anatomic anterior cruciate ligament (ACL) reconstruction and to evaluate it's propriety.

Materials and Methods: Out of 35 patients who underwent anatomic ACL reconstruction from March 2012 to February 2013, 32 patients
who undergone postoperative 3D-CT scans were included in this study retrospectively. Medial surface of the lateral femoral condyle was
reconstructed using Mimics, and then the position of the femoral tunnel was evaluated using the Bernard quadrant method and the results
were compared with those of published literatures. The mean age of the patients was 32.6 years old. There were 25 cases of double-
bundle ACL reconstruction with one femoral-two tibial tunnel. There were 7 cases of single bundle ACL reconstruction with one femoral-
one tibial tunnel.

Results: The mean distance of the femoral tunnel center was 32.2%+2.9% (range, 27.4%-37.6%) along the line parallel to the
Blumensaat's line from the posterior condylar surface and 46.7%+2.3% (range, 43.5%-51.1%) along the line perpendicular to the
Blumensaat's line from the roof of the notch. In comparison with the results of published literature, although the center of the femoral
tunnel was presented in the femaral footprint, it was located slightly more shallow and inferior than the center of the ACL footprints.
Conclusion: The bifurcate ridge may be a good anatomic landmark when making a 10-mm-sized single femoral tunnel in ‘Figure of 4
position” using the anteromedial portal technique.
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Figure 1. Fresh frozen allogenous Achilles tendon was split into 6-mm-
diameter for posterolateral bundle, 8 mm diameter for anteromedial
bundle with 20x10x10 mm bone block.



234

Chi—Hyoung Pak, et al,

I 53 IEH 6 mm Y] bifurcate ridgeoll E1E Q] T4-E  F 15 mm Fgof AUS thire] YRS EASHATE o] & HZe
HAITE oS 24 mm =S freehand technique 2 AFUsHE AUiSoll &F 3 cme] 95 H7)E S & ACL tibial guide (Linvatec)
o}, ol T3t F-o] oYL 7l HEZ vhe = U EF gk & TS5 ohd2 45, AU S ohd2 55°-60° a5t o] e 3

of F=Z 7Prte] YAIAIF o] F Hlblade)o] THFolgt  AISH 7} thihe] Bk FAlo e Alsta 1 f=d 1t

A )
e

10 mm Sentinel drill bit (Linvatec, Largo, FL, USA)S H-=0] 0] 10 mm ©]4¢] A2 &I & HA 6 mme| o= HY-S
ER] GrE dF Ui o R Ut oS o2 = | b= 1 5 AYE EHe 9

&4 3l aRolch B TR A7
9 B YT A o] GRS AT Fpower 8 S 0% TRE AL FATH PAL ol 83te] HUE chu
3718 olgste] 2HE 97] AT 0 mm Zolo) HAS WEY TS L FHL /1RO 10mme] BReDS Pt
tHFig. 2)

3 FEEHY tE Bd o] F4Fo
Arthroscopic bendable ruler (TruKor Gauge; Smith & Nephew, T-= 55fo] ol A~
Andover, MA, USA)JE &5t B& F&Fe Ae Hol& 54  FZHYdidzol A
Stod 14 mm oY 8- 2719 H= BldS Algsta o] Bk 2F Aol Rof do} Q= oA 7ol 9|5 th suture loopE F7H]
= 3% 9Y HIS At o5 v e ddel d AUS AdFE Bot] 2 PARE E R e & FE
2 BHE 7|80 R &7V E o] &5t 95 I g7 (lateral WS Hol x| o5 HF B Aol T W E retriver
intercondylar eminence)2} @] vFEAF A& A ZH(ateral meniscus & A
anterior horn) Atolof] £0|& thlo] Qx| & FA|stL, 95 v & 22 9y
71 A

A AZ Aztel W=, HZ A9 7 Al (anterior tibial edge) 2 F-E

of

o

u

ol
fﬂ’z

fi
o
)
N

[o

= FIA7]AL,

B UollAl Hotho] 2F el Azt of
AW the AR, ol A71e] Feue

Figure 2. Operative technique during right knee anatomic anterior cruciate ligament (ACL) reconstruction. (A) ‘Figure of 4 position” which was knee
flexion to 100° to 120° and varus state. (B) Micro-fracture awl tip marked the midpoint of the bifurcate ridge and 5 mm superior to the articular margin.
(C) A guide pin was placed at the marked position and drilled out to the lateral cortex of the lateral condyle taking care to enclose the guide pin on the
cartilage of the medial condyle but to avoid damaging it. (D) A 10-mm Sentinel drill bit was used to confirm the location of the tunnel without articular
cartilage damage. (E) A 20-mm-depth bone tunnel was made in the anatomical position. (F) ACL graft was viewed through the central portal.
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using Bernard’s quadrant method. (A)
Medial-lateral view of the femoral condyle
in the strictly lateral position where both
condyles were superimposed. (B) In the
distal view, the medial femoral condyle
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Table 1. Interobserver and Intraobserver Reliability

Variable Intraclass correlation coefficient 95% confidence interval

Interobserever

Parallel to Blumensaat’s line (1st) 0.970 0.938-0.985

Parallel to Blumensaat’s line (2nd) 0.956 0.911-0.979

Perpendicular to Blumensaat’s line (1st) 0.966 0.930-0.983

Perpendicular to Blumensaat’s line (2nd) 0.953 0.904-0.977
Intraobserver

Parallel to Blumensaat’s line (obsever A) 0.984 0.966-0.992

Perpendicular to Blumensaat's line (obsever A) 0.974 0.946-0.987

Parallel to Blumensaat’s line (obsever B) 0.966 0.930-0.983

Perpendicular to Blumensaat's line (obsever B) 0.952 0.902-0.977

Table 2. Femoral Tunnel Position of ACL Insertion on Grid of Bernard Reported in Literature

Study (year) D
AMB (%) PLB (%) Mean (%) AMB (%) PLB (%) Mean (%)
Colombet et al. (2006)” 26.4 32.3 29.35 25.3 476 36.45
Zantop et al. (2008)* 18.5 29.3 23.9 22.3 53.6 37.95
Forsythe et al. (2010)° 21.7 35.1 28.4 33.2 55.3 44.25
Bird et al. (2011)"" - - 27.3 - - 34.35
Lertwanich et al. (2011)"® - - 28.1 - - 43.6
Current study (2015) - - 32.2 - - 46.7

ACL, anterior cruciate ligament; AMB, anteromedial bundle; PLB, posterolateral bundle.
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