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a b s t r a c t

Bilateral ACL rupture is a relatively uncommon injury with an incidence of 2e4%. Most bilateral ACL
rupture occurs at two different times, but few cases of single-staged bilateral ACL ruptures have also been
reported. There have been reports of both single-staged, and two-staged reconstruction of bilateral ACL
ruptures in the literature but without a clear consensus. We present a series of five bilateral ACL rupture
cases managed by single-staged arthroscopic ACL reconstruction, using quadrupled hamstring grafts. All
of them were young males, with an average age of 26.8 years (Range: 19e39 years). Three out of five of
these cases (60%) had sustained the injury to both the knees simultaneously while playing sports. All the
five patients had generalized joint laxity with significant hyperextension of their knees. All the ten knees
(in five patients) were clinically stable, at their last follow-ups. None of the knees had any early or late
complications. A single-staged bilateral ACL reconstruction is a safe, reproducible, and cost-effective
procedure for patients with a bilateral ACL deficient knee, in experienced hands.

© 2018
1. Introduction

Anterior cruciate ligament (ACL) provides primary restraints to
anterior tibial translation and secondary restraints to the internal
tibial rotation.1 An ACL rupture can lead to knee instability with
consequent damage to the meniscus, degeneration of the articular
cartilage and increased stress on other soft tissues.

Injury to the ACL occurs most often in sporting activities but
may also be ruptured in work injuries and non-athletic activities.
The reported annual incidence of ACL injury in general population
ranges from 0.01% to 0.08%, but it is much higher (1.5%e1.7%)
among athletes involved in multidirectional sports.2,3 Bilateral ACL
rupture is relatively uncommon condition with an incidence of
2e4%.4,5 Most bilateral ACL rupture occurs at two different
times,6e10 but few cases of single-staged bilateral ACL ruptures
have also been reported.11e14

Non-operative treatment of ACL rupture may enhance the sense
of ‘stability’ to the injured knee but not on objective outcome
assessment and rate of return to sports.15,16 Arthroscopic
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reconstruction of the damaged ACL has been shown to effectively
restore knee stability, prevent further knee damage and enhance
the return to pre-injury full activities and return to high-level
sporting activities.

There have been reports of both single-staged and two-staged
reconstruction of bilateral ACL ruptures in the literature but
without a clear consensus. This paper presents five cases of single
staged arthroscopic reconstruction of bilateral ACL rupture and
critical review of the literature.
2. Case series

We present a series of five cases, who had undergone bilateral
ACL reconstruction as a single stage procedure, by the senior
author, with 30 years of experience of doing ACL reconstruction
surgery. All of themwere young males, with an average age of 26.8
years (Range: 19e39 years). Three out of five of these cases (60%)
had sustained the injury to both the knees single-stagedly while
playing sports. However, two cases (40%) had sustained these in-
juries on separate occasions, during the sporting activities (Figs. 1
and 2). One of them sustained the other knee injury after 3
months while the second patient sustained it after 5 months. All of
these five patients had generalized joint laxity with significant
hyperextension of their knees (Fig. 3). We did all of our cases with
both knees in 90� flexion, after breaking the table and keeping it in
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Fig. 1. Figure showing MRI of right knee with absent ACL.

Fig. 2. Figure showing MRI of left knee with absent ACL.

Fig. 3. Figure showing hyperextension of both the knee signifying the hyperlaxity of
the joints.
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a flexed position while doing the surgery (Fig. 4). We preferred
Hamstring grafts as they were easy to harvest and have lower
morbidity than the other grafts like patella bone tendon bone
(PBTB) and quadriceps tendon grafts. The grafts were fixed using
bioabsorbable interference screws on the tibial side and on the
femoral side, using an Endobutton devise (Smith and Nephew). All
of our patients were discharged in two days with satisfactory
outcomes. Wheel chair mobilisation for 3 weeks, and then full
weight bearing after 3 weeks in cases of simultaneous ACLR.
Gradual ROM using knee brace and quadriceps exercise from one
week onwards.

At a minimum of two years follow-up (average 3.2 years), these
patients had excellent outcomes in both the knees (Table 1) with an
average Lysholm's core of 95.6 postoperatively (v/s an average score
of 47.6 pre-operatively) and an average Tegner score of 8.4 post-
operatively (v/s 5.4 pre-operatively). There was no significant dif-
ference between the outcomes of patients with simultaneous vs
two staged ACL injury. All the ten knees in five patients were
clinically stable, at their last follow-ups. None of the knees had any
early or late complications.

3. Discussion

Anterior Cruciate Ligament is one of the most frequently
ruptured ligament, perhaps due to the increased participation of
people of all age and gender in sports. An ACL rupture occurs most
commonly during sporting activities, and about 70e84% of the
rupture occurs in non-contact situations.17e21 The highest inci-
dence of ACL rupture is found among the individuals aged 15e25
years old who participate in contact sports.

Multiple variables influence the risk of non-contact ACL injuries.
They can be grouped into environmental, anatomical, hormonal,
neuromuscular and biomechanical factors. Environmental factors
are extrinsic factors such as the type of sports, playing surface,
weather characteristics, and footwear to surface interaction.22,23

Some anatomical factors considered as risk factor for non-contact
ACL injuries include knee geometry (Femoral intercondylar notch
width, tibial slope), joint laxity, body mass index and static align-
ment of lower limbs. Laxity is a combination of joint hypermobility
and musculotendinous flexibility, and it is more prevalent in the
females compared to males. Several studies have found a positive
correlation between increased joint laxity, increased knee exten-
sion and increased risk of non-contact ACL injury.24e26 While
several studies with a high number of participants showed a pos-
itive correlation between the small intercondylar notch and risk of
ACL rupture,27e32 fewer studies disputed the relationship between
femoral notch width size and non-contact ACL injury.33e35 A case-
control study compared axial-plane tibia and femoral anatomy, as
well as the posterior slope of the medial and lateral tibial plateau in
sagittal plane using MRI, showed that men and women with non-
contact ACL injury have increased posterior slope of the lateral
tibia plateau compared to the matched group with intact ACL.36,37



Fig. 4. Figure showing the position of both the knee in flexion on the operative table.

R. Vaishya et al. / Journal of Clinical Orthopaedics and Trauma 10 (2019) 576e580578
This finding was further corroborated by several other studies.38e41

Oestrogen and progesterone receptor sites have been identified in
human ACL, suggesting that female sex hormone may play a role in
ACL structures. However, there is no consensus among researchers
on the specific role of sex-specific hormones in the risk of non-
contact ACL injuries in females. While some studies have re-
ported an increased risk of ACL tear during preovulatory phase,42

others showed increased risk during follicular phase43 and men-
strual phase.44

Bilateral ACL injury is relatively uncommon with a reported
incidence of 2%e4%. Most of these injuries occurs at different times.
Single-staged bilateral ACL tear is very rare and is mostly reported
in the literature as isolated and individual cases. The risk factors,
etiology, and mechanisms of contralateral ACL injury are not as
clearly defined and conclusive in the literature as it is for unilateral
ACL injury. The risk of contralateral ACL injury has been reported to
be higher than the risk of first time ACL injury for individuals
engaged in the same activity.45 It is further evident in studies that
included both individuals with a unilateral ACL injury and those
without ACL injury that compared the incidence of contralateral
ACL injury to that of first time ACL injuries.46e48 The incidence of
contralateral ACL rupture was higher than the incidence of first
time ACL injuries in all the studies. A review of the literature on risk
factors for a contralateral ACL injury showed that the most critical
risk factor was a return to same or higher activity level after uni-
lateral ACL injury. Other risk factors for contralateral ACL injury
include altered biomechanics and neuromuscular function from the
initial ACL injury, narrow intercondylar notch width, family history,
gender, laxity, and age at first ACL injury.
Table 1
Table showing the demography, Beighton score, mechanism of injury, a procedure perform
series.

SN Age/
Sex

Beighton
score

Knee Timing of injury Mechanism of
injury

Procedure

1. 19/M 6 Bilateral Simultaneously Soccer Bilateral
simultaneous ACLR

2. 27/M 7 Bilateral On separate
occasions

Cricket Bilateral
simultaneous ACLR

3 23/M 7 Bilateral Simultaneously Cricket Bilateral
simultaneous ACLR

4. 26/M 8 Bilateral On separate
occasions

Soccer Bilateral
simultaneous ACLR

5. 39/M 7 Bilateral Simultaneously Road Traffic
Accident

Bilateral
simultaneous ACLR
The studies in the literature that described the anatomic risk
factor for bilateral ACL injury showed significant notch stenosis in
subjects with bilateral ACL tear than individuals with unilateral ACL
tear and uninjured ACL.49e52 Some studies strongly advocate pos-
itive correlation between contralateral ACL injury and having an
immediate family member with a history of ACL injury53 while
other studies found no correlation.

ACL reconstruction is the treatment of choice for ACL injury
especially in the young athletic patients who aremost vulnerable to
this injury. The goal of the reconstruction is the early return to pre-
injury level of activities. Management protocol of unilateral ACL
injury including optimal reconstructive techniques and rehabilita-
tion are well outlined in the literature.54,55 However, at present,
there is no consensus on the management of patients with bilateral
ACL rupture which can be managed with either a single-staged or
two-staged ACL reconstruction. Both single-staged and two stage
ACL reconstruction have specific advantages and disadvantages
(Table 2). Thus the choice of surgical management remains a sub-
ject of debate. Four case reports of two-stage bilateral ACL recon-
struction have been found in the literature.56 Three of these were
due to spontaneous bilateral ACL injury and one due to non-
spontaneous injury. The decisions to do two-stage procedures in
these papers were due to surgeon's and patient ’s preference after
discussion of the two possible options with the patient. Some of the
concerns expressed against single-staged single stage reconstruc-
tion included the prolonged duration of surgery and perceived
rehabilitation disabilities. Several studies have shown that single-
staged single-stage bilateral ACL reconstruction gives reproduc-
ible, safe, cost-effective results without compromising rehabilita-
tion and functional results.57,58 Although there are no prospective
randomized clinical studies in the literature to compare the single-
staged single-stage verses two-stage bilateral ACL reconstruction,
twomatched paired studies were found. Sajovic et al. compared the
outcome of 7 patients (14 knees) who had one stage bilateral ACL
reconstruction with patients having unilateral ACL reconstruction
(21 patients). The median hospital stay was 4 (3e5) nights for the
bilateral group and 2 (1e4) nights for the unilateral group. There
was no significant difference in their duration of rehabilitation. The
median time to return to full-time work and full-time sports was
nine week and seven months respectively for the bilateral group;
eight weeks and six months for the unilateral (control) group
respectively. Jari et al. in their match paired study of 25 bilateral
single stage ACL reconstructions, and 24 unilateral ACL re-
constructions (control) showed no difference in theModified Noyes
Subjective Questionnaire Scores which evaluates pain, stability and
activity level as recorded by the patients. Objective evaluation
regarding the range of motion, quadriceps strength and mean KT-
1000 arthrometer were similar between the two groups. The total
cost of surgery, hospital stay and physical therapy was significantly
ed, graft used, Lysholms score and Tegner scores of all the five cases included in the

Graft used Lysholm's Score (Pre-op/
Post-op)

Tegner Score (Pre-op/
Post-op)

Semitendinosus and Gracilis
tendons

47/98 5/9

Semitendinosus and Gracilis
tendons

45/97 6/9

Semitendinosus and Gracilis
tendons

46/95 5/8

Semitendinosus and Gracilis
tendons

49/93 6/8

Semitendinosus and Gracilis
tendons

51/95 5/8



Table 2
Table showing Pros and cons of single-staged v/s two-staged bilateral ACL Reconstruction.

Pros Cons

A) Single-staged bilateral ACL Reconstruction � Single hospital admission required
� One time rehabilitation
� Single anesthesia
� Total hospital stay and expenses less
� Time to recovery and off work less

� More demanding surgery
� Longer duration of surgery
� Requires extensive experience of the surgeon

B) Two-staged bilateral ACL Reconstruction � Less demanding surgery
� Shorter duration of surgery
� Can be performed by a lesser experienced surgeon

� Two separate hospital admission required
� Two-time rehabilitation
� Two anesthesia required
� Time to recovery and off work more
� Total hospital stay and expenses more
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less in the single-staged bilateral group compared to two unilateral
operations. Also, one period of off work and one period of reha-
bilitation is required for one stage bilateral ACL reconstruction
which results in less disruption of the lives of the patients and
caregivers.

4. Conclusion

Bilateral ACL injuries are relatively rare and more often occur
due to two separate injuries, rather than in a single accident. Single-
staged bilateral ACL reconstruction is a safe, reproducible, and cost-
effective procedure for patients with symptomatic bilateral ACL
deficient knee with an excellent clinical outcome. However, it
needs to be done by experience arthroscopic surgeons, who have
significant experience of performing ACL reconstruction surgeries.

Conflicts of interest

Nil.

References

1. Zantop T, Peterson W, Fu FH. Anatomy of the anterior cruciate ligament. Operat
Tech Orthop. 2005;15:20e28.

2. Vaishya R, Agarwal AK, Ingole S, Vijay V. Current trends in anterior cruciate
ligament reconstruction: a review. Cureus. 2015;7(11):e378.

3. Ristic V, Ristic S, Marjanovic M, Milkanov V, Harhaji V, Duricin A. Quality of life
after bilateral anterior cruciate ligaments reconstruction. Med Pregl.
2015;68(9e10):308e315.

4. Kvist J, Kartus J, Karlson J, Forssblad M. Results from Swedish national anterior
cruciate ligament register. Arthroscopy. 2014;30:803e810.

5. Ristic V, Ristic S, Maljonavic M, Dan V, Milankov V, Harhaji V. Risk factors for
bilateral anterior cruciate ligament injuries.Med Pregl. 2015;68(5e6):198e203.

6. Panigrahi R, Mahapatra AK, Priyadarshi A, Palo N, Biswal MR. Bilateral anterior
cruciate ligament reconstructions with hamstrings autograft. J Knee Surg.
2016;29(5):403e408.

7. Sajovic M, Desmar S, Sajovic R. One-stage bilateral anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc. 2013;21:1998e2003.

8. Souryal TO, Moore HA, Evans JP. Bilaterality in anterior cruciate ligament in-
juries: associated intercondylar notch stenosis. Am J Sports Med. 1988;16(5):
449e454.

9. Larson CM, Fischer DA, Smith JP, Boyd JL. Bilateral anterior cruciate ligament
reconstruction as a single procedure: evaluation of cost and early fractional
results. Am J Sports Med. 2004;32(1):197e200.

10. Saithna A, Arbuthnot J, Carey-Smith R, Saplding T. Single-staged bilateral
anterior cruciate ligament reconstruction: a safe option. Knee Surg Sports
Traumatol Arthrosc. 2010;18(8):1071e1074.

11. Saadat E, Curry EJ, Li X, Matzkin EG. Bilateral single-staged anterior cruciate
ligament injury: a case report and national survey of orthopaedic surgeon
management preference. Orthop Rev. 2014;6:5551.

12. Milankov M, Vranjes M, Budinski Z, Bjelobrk M. Bilateral single-staged anterior
cruciate ligament rupture: a case report and literature review. Med Pregl.
2017;70(1e2):39e43.

13. Tifford CD, Jackson DW. Single-staged bilateral anterior cruciate ligament
ruptures in a cheerleader. Arthroscopy. 2001;17(4):E17.

14. Sanchis-Alvonso V, Tinto-Pedrerol M. Single-staged bilateral anterior cruciate
ligament tears in female beginner skier. Knee Surg Sports Traumatol Arthrosc.
2000;8(4):241e243.

15. Lam MH, Fong D, Yung P, Ho E, Chan WY, Chan KM. Knee stability assessment
of anterior cruciate ligament injury. Clinical and biomechanical approaches.
Sport Med Arthroscopy rehab therapy Technol. 2009;1(1):20.
16. Vaishya R, Agarwal AK, Ingole S, Vijay V. Current practice variations in the

management of anterior cruciate ligament injuries in Delhi. J Clin Orthop
Trauma. 2016;7(3):193e199.

17. Griffin LY, Albohm MJ, Arendt EA, et al. Understanding and preventing non-
contact ACL injuries: a review of the Hunt Valley II meeting. Am J Sports Med.
2006;34(9):1512e1532.

18. Boden BP, Sheehan FT, Torg JS, Hewett TE. Non-contact anterior cruciate liga-
ment injuries: mechanisms and risk factor. J Am Acad Orthop Surg. 2010;18:
1e8.

19. Ristic V, Ninkovic S, Harhaji V, Milankov M. Causes of anterior cruciate liga-
ment injuries. Med Pregl. 2010;63(7e8):541e545.

20. Fauno P, Wullff Jakobsen B. Mechanism of ACL injuries in soccer. Int J Sports
Med. 2006;27:75e79.

21. Alenteron-Geli E, Myer GD, Silvers HJ, et al. Prevention of non-contact anterior
cruciate ligament injuries in soccer players part1: mechanism of injury and
underlying risk factors. Knee Surg Sports Traumatol Arthrosc. 2009;17:705e729.

22. Orchard J, Chiver I, Aldous D, Bennell K, Sewerd H. Rye Grass is associated with
fewer non-contact anterior cruciate ligament injuries than Bermuda grass. Br J
Sports Med. 2005;39:704e709.

23. Scranton P, Whitesel J, Powel J, et al. A review of selected non-contact anterior
cruciate ligament injuries in the national football league. Foot Ankle Int.
1997;18:772e776.

24. Smith HC, Vacek P, Johnson RJ, et al. Risk factors of anterior cruciate ligament
injury: a review of the literature e part 1: neuromuscular and Anatomic Risk.
Sport Health. 2012;4(1):69e78.

25. Uhorchak JM, Scoville CR, Williams GN, Arciero RA, Pierre P St, Taylor DC. Risk
factors associated with noncontact injury of the anterior cruciate ligament: a
prospective four-year evaluation of 859 west point cadets. Am J Sports Med.
2003;31(6):831e842.

26. Vaishya R, Hasija R. Joint hypermobility and anterior cruciate ligament injury.
J Orthop Surg. 2013;21(2):182e184.

27. LaPrade RF, Burnett QM. Femoral intercondylar notch stenosis and correlation
for anterior cruciate ligament injuries. A prospective study. Am J Sports Med.
1994;22:198e203.

28. Souryal TO, Freeman TR. Intercondylar notch size and anterior cruciate liga-
ment injuries in athletes: a prospective study. Am J Sports Med. 1993;21:
535e539.

29. Fernandez e Jaen T, Lopez- Alcorocho JM, Rodriguez-Inigo E, Castellan F,
Hernandez JC, Guillen-Garcia P. The importance of the intercondylar notch in
anterior cruciate ligament tears. Orthop J Sport Med. 2015;3(8):30e35.

30. Chaudhari AMW, Zelman EA, Flanigan DC, Kaeding CC, Nagaraja HN. Anterior
cruciate ligament-injured subject have smaller anterior cruciate ligament than
matched control: magnetic resonant imaging. Am J Sports Med. 2009;37(7):
1282e1287.

31. Andrade R, Vasta S, Sevivas N, et al. Notch morphology is a risk factor for ACL
injury: a systematic review and meta-analysis. JISAKOS. 2016;1:70e81.

32. Zeng C, Gao SG, Wei J, et al. The influence of the intercondylar notch dimension
on injury of the anterior cruciate ligament: a meta-analysis. Knee Surg Sports
Traumatol Arthrosc. 2013;21(4):804e815.

33. Lombardo S, Sethi PM, Starkey C. Intercondylar notch stenosis is not a risk
factor for anterior cruciate ligament tears in professional male basketball
players: an 11year prospective study. Am J Sports Med. 2005;33(1):29e34.

34. Al-moosawi NM, Mahajan PS, Alnahedh YS. MRI evaluation of femoral inter-
condylar notch width index in cases with and without anterior cruciate liga-
ment injuries. A retrospective study. J. Kuwait Med. 2010;42(4):286e289.

35. Schickendantz MS, Weiker GG. The predictive value of radiographs in the
evaluation of unilateral and bilateral anterior cruciate ligament injuries. Am J
Sports Med. 1993;20(1):110e113.

36. Meister K, Talley MC, Horodyski MB, Indelicato PA, Hartzel JS, Batts J. Caudal
slope of the tibia and its relationship to non-contact injuries to the ACL. Am J
Knee Surg. 1998;11:217e219.

37. Bisson LJ, Gurske-Deperio J. Axial, and Sagittal knee geometry as a risk factor
for non-contact anterior cruciate ligament tear: a case-control study. Arthros-
copy. 2010;26:901e906.

38. Khan MS, Seon JK. Risk factors for anterior cruciate ligament injury: assessment

http://refhub.elsevier.com/S0976-5662(18)30297-2/sref1
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref1
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref1
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref2
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref2
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref3
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref3
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref3
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref3
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref3
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref4
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref4
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref4
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref5
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref5
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref5
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref5
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref6
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref6
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref6
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref6
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref7
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref7
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref7
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref8
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref8
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref8
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref8
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref9
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref9
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref9
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref9
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref10
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref10
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref10
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref10
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref11
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref11
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref11
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref12
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref12
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref12
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref12
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref12
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref13
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref13
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref14
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref14
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref14
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref14
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref15
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref15
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref15
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref16
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref16
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref16
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref16
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref17
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref17
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref17
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref17
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref18
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref18
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref18
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref18
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref19
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref19
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref19
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref19
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref20
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref20
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref20
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref21
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref21
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref21
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref21
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref22
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref22
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref22
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref22
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref23
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref23
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref23
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref23
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref24
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref24
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref24
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref24
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref24
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref25
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref25
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref25
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref25
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref25
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref26
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref26
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref26
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref27
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref27
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref27
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref27
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref28
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref28
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref28
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref28
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref29
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref29
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref29
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref29
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref29
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref30
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref30
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref30
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref30
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref30
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref31
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref31
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref31
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref32
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref32
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref32
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref32
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref33
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref33
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref33
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref33
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref34
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref34
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref34
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref34
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref35
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref35
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref35
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref35
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref36
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref36
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref36
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref36
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref37
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref37
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref37
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref37
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref38


R. Vaishya et al. / Journal of Clinical Orthopaedics and Trauma 10 (2019) 576e580580
of tibial plateau anatomical variables on conventional MRI using a new com-
bined method. Int Orthop. 2011;35:1251e1256.

39. Simon RA, Everhart J, Nagaraja HN, Chaudhari AM. A case-control study of
anterior cruciate ligament volume, tibial plateau slopes and intercondylar
notch dimension in ACL-injured knees. J Biomech. 2010;43(9):1702e1707.

40. Stijak L, Herzog RF, Schai P. Is there an influence of the tibial slope of the lateral
condyle on ACL lesion? Knee Surg Sports Traumatol Arthrosc. 2008;16:112e117.

41. Beynnon BD, Johnson RJ, Braun S, Sargent M, Bernstein I, Vacek PM. The
relationship between the phase of menstrual cycle and anterior cruciate liga-
ment injury: a case-control study of recreational alpine skiers. Am J Sports Med.
2006;34:757e764.

42. Ruedl G, Ploner P, Linnorter I, et al. Are oral contraceptive use and menstrual
cycle phase related to anterior cruciate ligament injury risk in female recrea-
tional skiers? Knee Surg Sports Traumatol Arthrosc. 2009;17:1605e1609.

43. Slauterbeck JR, Fuzie SF, Smith MP, et al. The menstrual cycle, sex hormones,
and anterior cruciate ligament injury. J Athl Train. 2002;37:275e280.

44. Mykelbust JR, Engebreston L, Braekken IH, Skjolberg A, Olsen OE, Bahr R.
Prevention of anterior cruciate ligament injuries in female team handball
players: a prospective intervention study over three seasons. Clin J Sport Med.
2003;13:71e78.

45. Sward P, Kostogiannis I, Roos H. Risk factors for a contralateral anterior cruciate
ligament injury. Knee Surg Sports Traumatol Arthrosc. 2010;18(3):277e291.

46. Faude O, Junge A, Kindermann W, Dvorak J. Risk factors for injuries in elite
female soccer players. Br Sports Med. 2006;40:785e790.

47. Oates KM, Van Eenenaam DP, Briggs K, Homa K, Sterett WI. Comparative injury
rates of uninjured anterior cruciate ligament-deficient and reconstructive knee
in skiing population. Am J Sports Med. 1999;27:606e610.

48. Faude O, Junge A, Kindermann W, Dvorak J. Injuries in female soccer players: a
prospective study in the German national league. Am J Sports Med. 2005;33:
1694e1700.

49. Harner CD, Paulos LE, Greenwald AE, Rosenberg TD, Cooley VC. Detailed
analysis of patients with bilateral anterior cruciate ligament injuries. Am J
Sports Med. 1994;22:37e43.

50. Shelbourne KD, Davis TJ, Klootwyk TE. The relationship between intercondylar
notch width of the femur and the incidence of anterior cruciate ligament tears.
A prospective study. Am J Sports Med. 1998;26:402e408.

51. Motohashi M. Profile of bilateral anterior cruciate ligament injuries: a retro-
spective follow-up study. J Orthop Surg. 2004;12(2):210e215.

52. Schickendantz MS, Welker GG. The predictive value of radiographs in the
evaluation of unilateral and bilateral anterior cruciate ligament injuries. Am J
Sports Med. 1993;21:110e113.

53. Flynn RK, Pedersen CL, Birmingham TB, Kirkley A, Jackowski D, Fowler PJ. The
familial predisposition towards tearing the anterior cruciate ligament: a case-
control study. Am J Sports Med. 2005;33(1):23e28.

54. Raines BT, Naclerio E, Sherman SL. Management of anterior cruciate injury.
What's out. Indian J Orthop. 2017;51(5):563e575.

55. Fu FH, Bennett CH, Ma CB, Menetrey J, Lattermann C. Current trends in anterior
cruciate ligament reconstruction. Am J Sports Med. 2000;28(1):124e130.

56. Jari S, Shellbourne KD. Staged bilateral anterior cruciate ligament reconstruc-
tion with the use of contralateral patella tendon autograft. Am J Sports Med.
2002;30(3):437e440.

57. Jari S, Shelbourne KD. Single-staged bilateral anterior cruciate ligament
reconstruction. Am J Sports Med. 2002;30:891e895.

58. Sajovi M, Desmar S. One-stage bilateral anterior cruciate ligament recon-
struction with the use of hamstring tendon autograft: a case report. Knee Surg
Sports Traumatol Arthrosc. 2007;15:1114e1115.

http://refhub.elsevier.com/S0976-5662(18)30297-2/sref38
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref38
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref38
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref39
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref39
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref39
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref39
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref40
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref40
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref40
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref41
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref41
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref41
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref41
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref41
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref42
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref42
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref42
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref42
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref43
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref43
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref43
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref44
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref44
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref44
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref44
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref44
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref45
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref45
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref45
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref46
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref46
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref46
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref47
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref47
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref47
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref47
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref48
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref48
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref48
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref48
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref49
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref49
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref49
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref49
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref50
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref50
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref50
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref50
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref51
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref51
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref51
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref52
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref52
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref52
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref52
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref53
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref53
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref53
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref53
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref54
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref54
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref54
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref55
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref55
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref55
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref56
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref56
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref56
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref56
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref57
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref57
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref57
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref58
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref58
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref58
http://refhub.elsevier.com/S0976-5662(18)30297-2/sref58

	Bilateral simultaneous anterior cruciate ligament reconstruction: A case series and review of the literature
	1. Introduction
	2. Case series
	3. Discussion
	4. Conclusion
	Conflicts of interest
	References


