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Abstract

Different surgical techniques have been proposed to reconstruct combined anterior cruciate (ACL) and lateral col-
lateral ligaments (LCL). Although these surgical techniques are reliable and reproducible, the number of autologous
grafts needed for the reconstruction could be a limiting factor, especially when patients present with multi-ligament
knee injuries and the posterior cruciate ligament is also torn. In addition, some of these technigues are not easy to
master and have a steep learning curve. We present a surgical procedure that has been used over the last 18 years to
reconstruct combined ACL and LCL injuries and has become a reproducible, feasible and time-efficient procedure to

procedures

approach combined ACL and LCL injuries using an ipsilateral hamstring autograft.

Keywords: Anterior cruciate ligament injuries, Collateral ligaments, Hamstring tendons, Reconstructive surgical

Introduction

Anterior cruciate ligament (ACL) tears associated with
injury to the lateral collateral ligament (LCL) of the knee
are disabling [1, 2]. In these patients, surgical recon-
struction is recommended [3, 4], and different surgical
techniques have been proposed using two or more ten-
don grafts to reconstruct the torn ligaments [5-8]. The
procedures proposed differ according to the number
of femoral tunnels (one or two) used to reconstruct the
LCL [7-10], showing advantages and disadvantages, with
a steep learning curve [9-12]. Although these surgical
techniques are reliable and reproducible, the number of
autologous grafts needed for the reconstruction could be
a limiting factor, especially when patients present with
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multi-ligament knee injuries, and the posterior cruciate
ligament is also torn. Given the complexity of these inju-
ries, allografts are increasingly used, as they reduce the
time spent in harvesting and preparing the grafts, and
donor site morbidity [4, 7, 8, 13]. However, access, availa-
bility and costs of allografts are limited in several settings
[14]. We present a surgical procedure that we have used
over the last 18 years to reconstruct combined ACL and
LCL injuries, also in patients presenting with a bicruciate
ligament injury associated with an LCL tear.

Indications

In our practice, the diagnosis is by clinical assessment,
and confirmed imaging by magnetic resonance imaging
(MRI). Valgus stress radiographs are used to quantify the
asymmetric lateral joint line widening.
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Surgical technique

With the patient supine and under spinal anesthesia, the
knee to be operated is kept at 90° flexion with a support
on the lateral aspect of the proximal 1/3 of the thigh and
another one under the foot. After exsanguination, the
tourniquet is inflated to 300 mmHg. A routine diagnos-
tic arthroscopy of the knee is performed to confirm the
diagnosis. If necessary, meniscal injuries are addressed.
The ACL stumps are resected. The ACL femoral tunnel
is performed by an outside-in ACL guide positioned at a
slightly posterior point (5 mm) to the origin of the LCL in
the femur, under arthroscopic control. Initially, the bone
tunnel has a 6 mm diameter and will be adjusted later
according to the diameter of the harvested graft. The fib-
ular head is approached through a 6-7 cm longitudinal
incision. The common peroneal nerve is identified and
protected before proceeding with the dissection to bone.
The diameter of the tunnel is normally 5-6 mm depend-
ing on the diameter of the gracilis graft. Through a 5 cm
longitudinal incision on the pes anserinus, the gracilis
and semitendinosus tendons are harvested with an open
stripper, keeping them attached to their insertion on the
tibia. Using the incision used to harvest the hamstring
tendons, a tibial tunnel 6 mm in diameter is drilled at a
55° angle using a tibial guide under direct arthroscopic
control. Again, the tunnel diameter will be adjusted
after measuring the diameter of the final graft. After all
bone tunnels have been drilled, the length of ACL and
LCL graft are measured. Then, the gracilis tendon is
detached from its tibial insertion to build the ACL and
LCL grafts. According to the length of the tendons, the
ACL graft could have a double or triple semitendinosus
tendon plus a strand of gracilis. In contrast, the LCL has
a strand of gracilis long enough to loop the fibular head
and return to the femoral tunnel. The tibial and femoral
tunnel diameter is adjusted according to the diameter of
the final graft (Fig. 1).

The graft is shuttled into the knee joint through the
tunnels using an Ethibond 5.0 suture (Fig. 2a—c), and the
knee is flexed and extended 20 times to tension the graft.

The graft fixation starts on tibial side, followed by
fixation on the femoral side using an interference screw
1 mm in diameter greater than the respective tunnel. At
the femoral side, the free end of gracilis strand (Fig. 3a)
is passed subcutaneously under the fascia lata fascia and
parallel to the fibula to emerge in the level the fibular
head (Fig. 3b—d).

The single strand gracilis tendon is passed in the fibu-
lar head in an anterior to posterior direction, cycled and
fixed in the fibular head with an interreference screw
with the knee flexed at 45°. The remaining part of the gra-
cilis tendon graft is sutured to the descending portion of
the graft (Fig. 4a, b).
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Fig. 1 Intraoperative view of the left knee: ACL + LCL graft (double
semitendinosus tendon attached to its tibial insertion sutured with a
single strand of gracilis tendon)

The antero-posterior and lateral stability of the knee is
tested and confirmed using the Lachman test and varus
stress test, respectively. The tourniquet is released, accu-
rate hemostasis is performed, and the wound is sutured
in a standard fashion. The knee is bandaged and immo-
bilized in a full extension brace. The surgical procedure is
schematically showed in Fig. 5.

Postoperative management

In the first two weeks, the knee is kept in full exten-
sion, and full weight-bearing is allowed keeping the knee
immobilized in the brace. Using crutches is not manda-
tory, but patients feel more confident using them for the
first 2 or 3 postoperative weeks. Cryotherapy and isomet-
ric exercises are introduced from the first postoperative
day. The sutures are removed after two weeks.

The brace is gradually unlocked 3 or 4 weeks postop-
eratively, and motion is restricted to 45° in flexion until
the sixth postoperative week. After 6 weeks, the brace
is removed, and rehabilitation focuses on progressively
gaining the full range of motion, which is expected to be
achieved at around three months postoperatively.

Key points of this surgical technique

« perform arthroscopic and clinical assessment of LCL
insufficiency applying a knee varus stress with the
knee extended and the figure-of-four position.

+ use an open stripper to harvest the graft, keeping it
attached to its tibial insertion,

+ prepare both grafts using an Ethibond 5.0 suture
thread to measure the length of both grafts from tun-
nel to tunnel (tibia—femur—fibular head—femur)

« start performing a 6 mm bone tunnel diameter, and
then adjust the diameter according to the diameter of
the graft
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Fig. 3 Intraoperative view of the lateral side of the left knee: the free end of graft (single gracilis strand) emerges from the ACL femoral tunnel (a),
passing under the fascia and parallel to the fibula (b), emerging in the level the fibular head after graft tensioning (c, d)

Discussion

Combined reconstruction of ACL and LCL is techni-
cally demanding. Some authors have proposed surgical
techniques involving more than one femoral tunnel to
perform a combined ACL and LCL reconstruction and
use different tendon grafts [5-9, 11]. These procedures

are not easy to master, and especially at the begin-
ning of one’s experience surgeons may encounter liga-
ment bone tunnel confluence, impairing or preventing
proper graft fixation, and consequently compromising
outcomes. We are aware that variations to the surgi-
cal technique reported in the present manuscript are
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Fig. 4 Intraoperative view of the left knee: the loop-free end of ACL+ LCL graft passing into the fibular head tunnel and its fixation with a 6-mm
interference screw

Fig.5 The ACL and LCL grafts fixation into the tibia, femoral and
fibular head tunnels of the left knee by using absorbable interference
screws, in anteroposterior (a) and lateral (b) views

possible. For example, one of us drills the tibial and
femoral tunnels only after the graft has been harvested
and prepared, so that only one passage is performed,
and the diameter of the tunnels does not need to be
adjusted secondarily. We pass the gracilis graft in the
fibular head in an anterior to posterior direction. It is
obviously possible to pass in in a posterior to anterior
direction, and at present we do not know whether one
direction of passage results in more favorable biome-
chanical and clinical outcomes. Surgical techniques
that simplify the procedure and use autologous grafts
to reconstruct two or more ligaments are a promising
alternative, especially for surgeons, medical centers and
countries where allografts are unavailable or difficult to
procure. In the last 18 years, the technique presented
in this article has become a reproducible, feasible
and time-efficient procedure to approach combined
ACL and LCL injuries using an ipsilateral hamstring
autograft.

Conclusion

This surgical technique broadens the use of autografts to
reconstruct combined ACL and LCL injuries and is an
exciting alternative for bicruciate ligament reconstruc-
tion associated with an LCL tear.

Abbreviations
ACL: Anterior cruciate ligament; LCL: Lateral collateral ligament.

Acknowledgements
None.

Author contributions

NM contributed to conceptualization, supervision, and revision; SRP con-
tributed to writing; CG contributed to writing; FM contributed to writing.

All authors have agreed to the final version to be published and agree to be
accountable for all aspects of the work. All authors read and approved the
final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. The authors
received no financial support for the research, authorship, and/or publication
of this article.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available throughout the manuscript.

Declarations

Ethical approval and consent to participate

The present study was conducted in accordance with principles expressed

in the Declaration of Helsinki and approved by the Ethical Committee of the
University of Salerno (CESa 01252009/ReVv2). Signed informed consent for the
intraoperative photographs was obtained from the patient.

Consent for publication
All patients signed the consent to publish their data.

Competing interests
Prof. Nicola Maffulli is Editor in Chief of the Journal of Orthopaedic Surgery
and Research.

Author details
'Exercise and Sports Medicine, Department of Orthopaedic, Rheumatol-
ogy, and Traumatology, University of Campinas UNICAMP, School of Medical




Piedade et al. Journal of Orthopaedic Surgery and Research

Sciences, Campinas, Brazil. ’Centro Universitario Sao Camilo, Ipiranga, Sdo
Paulo, Brazil. *Department of Orthopaedic, Trauma, and Reconstructive Sur-
gery, RWTH University Hospital of Aachen, 52074 Aachen, Germany. *Depart-
ment of Musculoskeletal Disorders, School Medicine, Surgery and Dentistry,
University of Salerno, 84081 Baronissi, Italy. °Centre for Sports and Exercise
Medicine, Barts and The London School of Medicine and Dentistry, Mile End
Hospital, Queen Mary University of London, London E1 4DG, UK. ®School

of Pharmacy and Bioengineering, Keele University School of Medicine, Thorn-
burrow Drive, Stoke On Trent, England.

Received: 23 September 2022 Accepted: 12 October 2022
Published online: 27 October 2022

References

1. Dean RS, LaPrade RF. ACL and posterolateral corner injuries. Curr
Rev Musculoskelet Med. 2020;13(1):123-32. https://doi.org/10.1007/
$12178-019-09581-3.

2. StevensKJ, Dragoo JL. Anterior cruciate ligament tears and associated
injuries. Top Magn Reson Imaging. 2006;17(5):347-62. https://doi.org/10.
1097/RMR.0b013e3180421cc2.

3. Fanelli GC. Treatment of combined anterior cruciate ligament-posterior
cruciate ligament-lateral side injuries of the knee. Clin Sports Med.
2000;19(3):493-502. https://doi.org/10.1016/50278-5919(05)70220-9.

4. Latimer HA, Tibone JE, ElAttrache NS, McMahon PJ. Reconstruction of
the lateral collateral ligament of the knee with patellar tendon allograft.
Report of a new technique in combined ligament injuries. Am J Sports
Med. 1998;26(5):656-62. https://doi.org/10.1177/036354659802600
51001.

5. DekkerTJ, Schairer WW, Grantham WJ, DePhillipo NN, Aman ZS, LaPrade
RF. Fibular collateral ligament reconstruction graft options: clinical
and radiographic outcomes of autograft versus allograft. Arthroscopy.
2021,37(3):944-50. https://doi.org/10.1016/j.arthro.2020.10.034.

6. NikiY, Matsumoto H, OtaniT, et al. A modified Larson's method of poste-
rolateral corner reconstruction of the knee reproducing the physiological
tensioning pattern of the lateral collateral and popliteofibular liga-
ments. BMC Sports Sci Med Rehabil. 2012;4:21. https://doi.org/10.1186/
1758-2555-4-21.

7. LaPrade RF, Spiridonov SI, Coobs BR, Ruckert PR, Griffith CJ. Fibular collat-
eral ligament anatomical reconstructions: a prospective outcomes study.
Am J Sports Med. 2010;38(10):2005-11. https://doi.org/10.1177/03635
46510370200.

8. Noyes FR, Barber-Westin SD. Reconstruction of the lateral collat-
eral ligament of the knee with patellar tendon allograft. Report of
a new technique in combined ligament injuries. Am J Sports Med.
1999;27(2):269-70.

9. LiuP WangJ, Zhao F, XuY, Ao Y. Anatomic, arthroscopically assisted, mini-
open fibular collateral ligament reconstruction: an in vitro biomechanical
study. Am J Sports Med. 2014,42(2):373-81. https://doi.org/10.1177/
0363546513508536.

10. Sidles JA, Larson RV, Garbini JL, Downey DJ, Matsen FA. Ligament length
relationships in the moving knee. J Orthop Res. 1988;6:593-610. https://
doi.org/10.1002/jor.1100060418.

11. Kennedy MI, Bernhardson A, Moatshe G, Buckley PS, Engebretsen L,
LaPrade RF. Fibular collateral ligament/ posterolateral corner injury:
when to repair, reconstruct, or both. Clin Sports Med. 2019;38(2):261-74.
https://doi.org/10.1016/j.csm.2018.11.002.

12. Stannard JP, Brown SL, Robinson JT, McGwin G, Volgas DA. Reconstruction
of the posterolateral corner of the knee. Arthroscopy. 2005;21(9):1051-9.
https://doi.org/10.1016/j.arthro.2005.05.020.

13. Porrino J, Sharp JW, Ashimolowo T, Dunham G. An update and compre-
hensive review of the posterolateral corner of the knee. Rad Clin North
Am. 2018;56(6):935-61. https://doi.org/10.1016/j.rc.2018.06.006.

14. Ramos LA, Zogbi T, de Andrade EF, Taniguti de Oliveira G, Nicolini AP, Krob
JJ, Yamashita J, Cohen M, Astur DC. Treatment and outcomes of lateral
collateral ligament injury associated with anterior and posterior cruciate
ligament injury at 2-year follow-up. J Orthop. 2019;16(6):489-92. https://
doi.org/10.1016/},jor.2019.05.010.

(2022) 17:466

Page 5 of 5

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s12178-019-09581-3
https://doi.org/10.1007/s12178-019-09581-3
https://doi.org/10.1097/RMR.0b013e3180421cc2
https://doi.org/10.1097/RMR.0b013e3180421cc2
https://doi.org/10.1016/s0278-5919(05)70220-9
https://doi.org/10.1177/03635465980260051001
https://doi.org/10.1177/03635465980260051001
https://doi.org/10.1016/j.arthro.2020.10.034
https://doi.org/10.1186/1758-2555-4-21
https://doi.org/10.1186/1758-2555-4-21
https://doi.org/10.1177/0363546510370200
https://doi.org/10.1177/0363546510370200
https://doi.org/10.1177/0363546513508536
https://doi.org/10.1177/0363546513508536
https://doi.org/10.1002/jor.1100060418
https://doi.org/10.1002/jor.1100060418
https://doi.org/10.1016/j.csm.2018.11.002
https://doi.org/10.1016/j.arthro.2005.05.020
https://doi.org/10.1016/j.rcl.2018.06.006
https://doi.org/10.1016/j.jor.2019.05.010
https://doi.org/10.1016/j.jor.2019.05.010

	Combined anterior cruciate and lateral collateral ligaments reconstruction with ipsilateral hamstring autograft: surgical technique
	Abstract 
	Introduction
	Indications
	Surgical technique

	Postoperative management
	Key points of this surgical technique
	Discussion
	Conclusion
	Acknowledgements
	References


