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Abstract While it is generally accepted that most partial

and isolated medial collateral ligament (MCL) injuries can

be treated non-operatively, ideal treatment of the MCL in

multi-ligament knee injuries remains controversial. High

failure rates with repair of the posterolateral corner in the

multi-ligament injured knee have been recently reported,

favoring reconstruction instead. The same maybe true for

MCL injuries, however evidence-based treatment recom-

mendations are lacking in the current orthopedic literature.

The purpose of this study was to perform an evidence-

based systematic review of the operative management

(repair and/or reconstruction) of the MCL in the setting of

multi-ligament knee injuries. A comprehensive search of

MEDLINE and the Cochrane databases for all relevant

articles published in English from 1978 to 2008 on the

outcomes of surgical management (repair and/or recon-

struction) of the MCL in the setting of combined ligament

injuries was performed. Inclusion criteria included articles

published in (1) English, (2) on human subjects, (3)

between the years of 1978 and 2008, (4) had minimum

12-month follow-up, with a mean of at least 24 months, (5)

on surgical management of MCL injuries, (6) associated

with multi-ligament injuries (three or more ligaments) and/

or knee dislocation, and (7) reported objective outcome

data on the respective patient cohorts. Exclusion criteria

consisted of technique papers, case reports, studies that

included fractures associated with MCL injury and those

that included pediatric patients. The review identified eight

relevant studies. Five articles focused on MCL repair,

while three articles focused on MCL reconstruction. No

prospective studies compared MCL repair or reconstruction

with non-operative treatment or directly compared MCL

reconstruction with MCL repair. Currently there is a pau-

city of objective data on the outcomes regarding surgical

management of MCL tears in the combined ligament

injured knee. This systematic review demonstrated satis-

factory results in both repair and reconstruction groups.

Future objective outcome-based studies as well as com-

parative studies are needed to further evaluate the optimal

treatment modality before evidence-based recommenda-

tions can be made. Therefore, individual treatment deci-

sions for each patient should be based on the characteristics

and nature of the injury.
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Introduction

The medial collateral ligament (MCL) complex is one of

the most commonly damaged ligamentous structures after a

traumatic injury to the knee joint. The MCL is the primary

static stabilizing structure on the medial aspect of the knee,

contributing up to 78% of the restraining force to valgus

loads [15]. Injuries to the MCL may occur as an isolated

entity or as a component of a combined traumatic liga-

mentous disruption to the knee.

It is generally accepted that incomplete tears and iso-

lated complete tears of the MCL can be treated non-

operatively with early functional rehabilitation [4, 7, 8,

17, 22, 24, 26, 30, 31, 33]. This is mainly due to the

excellent healing capability of this ligament found in both

animal and human clinical studies [2, 22, 40]. In the
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setting of multi-ligament knee injuries, the treatment of

complete MCL tears continues to be a controversial topic

[4, 13, 16, 18, 34]. High failure rates with repair of the

posterolateral corner in the multi-ligament injured knee

have been recently reported, favoring reconstruction

instead [35]. The same is maybe true for MCL injuries

in this setting, however evidence-based treatment recom-

mendations are lacking in the current orthopedic

literature.

The purpose of this study is to perform an evidence-

based systematic review of the current literature for the

outcomes of surgical management (repair and/or recon-

struction) of the MCL in the setting of multi-ligament knee

injuries in order to assist with the rationale for treatment

decision-making.

Methods

A comprehensive literature search was performed using the

MEDLINE and Cochrane Central Register of Controlled

Trials databases using various combinations of subject

headings and keywords. Subject headings used in the

literature search included MCL, knee, and treatment out-

comes. Keywords used in the search strategy were the

following: repair, reconstruction, anterior cruciate ligament

(ACL), posterior cruciate ligament (PCL), multi-ligament

knee injury, and knee dislocation. A manual reference

check of all acceptable papers was then performed in order

to supplement the electronic searches and to identify other

potentially relevant studies.

Study selection for inclusion in the systematic review

was determined by examining the title, keywords and

abstract of all articles obtained from the literature search.

Inclusion criteria included articles published in (1) English,

(2) on human subjects, (3) between the years of 1978 and

2008, and (4) had minimum 12-month follow-up, with a

mean of at least 24 months. In addition, the authors had to

have reported on (5) surgical management of MCL injuries,

(6) associated multi-ligament injuries (three or more liga-

ments) and/or knee dislocation, and (7) objective outcome

data on the respective patient cohorts. Exclusion criteria

consisted of technique papers, case reports, studies that

included fractures associated with MCL injury and those

that included pediatric patients.

Two independent reviewers performed the search and

the clinical studies were then evaluated with relevant

data extracted from the articles. Study designs eligible

for inclusion within the study included prospective ran-

domized controlled trials, prospective and retrospective

nonrandomized controlled trials, and uncontrolled case

series. Studies not meeting the above guidelines were

excluded.

Results

The initial MEDLINE and Cochrane database search

results yielded 312 citations using the above search strat-

egies. Using the first three inclusion criteria (i.e., articles

published in English, on human subjects, and between the

years 1978 and 2008) the citation number was decreased to

188 articles. Articles were then retrieved for further review

and were evaluated to see if they satisfied the remaining

criteria for inclusion. The final database included eight

studies spanning the years 1978–2008 and all were Level

IV evidence. Of these, five (63%) reported on MCL repair

and three (37%) reported on MCL reconstruction. There

were no studies found that directly compared MCL

reconstruction with MCL repair.

MCL repair

The majority of information currently in the orthopedic

literature regarding operative management of MCL injuries

has been focused on ligament repair. Five studies evalu-

ating the outcomes of repair of the MCL were included for

outcomes review [5, 20, 29, 36, 43]. All five included

studies were retrospective reviews (Level IV).

Of the five studies, four studies focused on MCL repair

in the setting of knee dislocations and one in the setting of

multi-ligament injuries. A combined cohort of 55 MCL

repairs in the setting of knee dislocation was obtained from

the four studies. The mean age was 33 years, ranging from

17 to 58 years overall, with all studies exhibiting wide age

ranges. All four utilized the Lysholm score to record post-

operative outcome. The combined average Lysholm score

was 84 with range from 43 to 100. One study utilized the

IKDC score to record post-operative outcome [5]. The

demographics and functional results of these MCL repair

studies are detailed in Table 1.

In 1999, Ibrahim [20] evaluated a cohort of 40 patients

(41 knees) with traumatic knee dislocations who underwent

surgical reconstruction of the ACL and PCL. Eighteen

patients within this group sustained complete MCL rup-

tures that were repaired. With a mean clinical follow-up of

39 months, 89% of patients were found to have clinically

stable knees to valgus testing. Mean post-operative

Lysholm scoring was 79.2, however, mean Tegner score

decreased to 4.7 (4–7) from a pre-injury score of 7.6 (5–9).

The study showed that the above method for surgical

treatment of traumatic knee dislocations in accordance with

an aggressive rehabilitation program, yields functional

stability and early return to work.

Owens et al. [29] retrospectively reviewed the outcomes

of primary repair of knee dislocations in 25 patients (28

knees). A consecutive series of knee dislocations operated

on by a single surgeon, diagnosed radiographically or with
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multidirectional instability and MRI evidence of bicruciate

injury, were included. A total of 11 complete MCL

ruptures were observed in this study group, all which

underwent primary repair and a standard post-operative

rehabilitation protocol. At an average follow-up of 48

months a mean loss of 1.9� of extension, and 10.2� of

flexion, a mean arc of 119.3� of motion, and a mean post-

operative Lysholm of 85 were observed. Clinical valgus

stability testing showed mean values of 0.0 and 0.5 mm at

full extension and 30�, respectively. The most problematic

complication that occurred in the study was post-operative

stiffness, seen in 27% of patients with MCL repair and 18%

of patients overall. All of these patients required manipu-

lation and arthroscopic lysis of adhesions. The authors

concluded that acute repair of the ligaments coupled with

an early rehabilitation program produces outcomes com-

parable with reconstruction as reported in the established

literature.

Yeh et al. [43] in 1999 retrospectively reviewed 31

traumatic knee dislocations treated with arthroscopic

reconstruction of the PCL with non-operative management

of the ACL. Sixteen of these patients had associated com-

plete tears of the MCL and this cohort underwent collateral

ligament repair. With a mean follow-up of 28 months (range

12–48), the MCL repair subset within this cohort had a

mean Lysholm score of 84. Post-operative range of motion

was noted to be excellent with an average of 1 ± 2�
extension to 130 ± 4� flexion. The authors noted the

importance of subacute PCL reconstruction using arthro-

scopic techniques. They also emphasized the importance of

repair of associated collateral ligament injuries.

A case series of patients undergoing a two-stage proto-

col for knee dislocations was reported by Bin and Nam [5]

in 2007. They reviewed 15 knees in 14 patients, 10 of

whom sustained MCL injuries with valgus laxity on clin-

ical exam and were treated with repair. The collateral

ligaments were repaired within 2 weeks of injury after

swelling had subsided with ACL/PCL reconstruction as

needed for continued instability. At a mean follow-up of 97

months, seven of the ten patients had grade 0 instability on

stress radiography at latest follow-up. The mean Lysholm

score for the cohort was 89.6, mean Tegner score was 4,

and IKDC scores were normal in three, near-normal in

eight, and abnormal in four. No limitations of final knee

range of motion or complications were encountered. The

authors concluded that two-stage management of multiple

knee ligament injuries allowed for shorter operative times

and lowered the incidence of arthrofibrosis.

In the fifth and final retrospective study, intermediate-

term results of the surgical treatment of various multiple

ligament knee injuries was evaluated by Tzurbakis et al.

[36]. Forty-eight cases were classified into three groupings,

according to the structures damaged at the time of injury.

Group C consisted of knee dislocation patients. This group

was then divided into three subsets with the first subset

(C1—six patients) group consisting of knee dislocation

patients with cruciate ligament injuries associated with

medial structure injury. Five of these patients underwent

repair of the MCL. Within the knee dislocation patient

subset, the average follow-up was 51 months. Functional

scores decreased from pre-injury level in all three groups

after surgical management, with an overall mean Lysholm

score in Group C of 87.4 and Tegner activity score of 4.2.

Clinical valgus stability was not commented on in the

study, however, IKDC evaluation showed 67% normal or

near-normal knee function in the knee dislocation group.

The authors noted that in their patient cohort, irrespective

of the anatomical structures damaged, multiple ligament

knee injuries should be considered serious injuries and

have similar clinical progression needing surgical treat-

ment in order to restore function and avoid knee instability.

MCL repair versus non-operative treatment

A search for articles comparing MCL repair with non-

operative treatment was performed. There were no reports

found in the English-language literature directly comparing

the results of these two treatment modalities.

Table 1 Summary of demographics and functional results in studies describing outcomes of MCL repair in multi-ligament knee injuries

Study Patients Mean age

(years)

Mean F/U

(months)

Valgus testing

(% stable)

Mean Lysholm

score

IKDC

(%excellent/good)

Tegner

score

Surg Con Surg Con Surg Con Surg Con Surg Con Surg Con Surg Con

Bin et al. 10 N/A 33 N/A 97 N/A 70 N/A 90 N/A 80 N/A 4 N/A

Owens et al. 11 N/A 36 N/A 48a N/A 100 N/A 85 N/A ND N/A 3.8 N/A

Tzurbakis et al. 5 N/A 29a N/A 51a N/A ND N/A 87 N/A 67a N/A 4.2a N/A

Ibrahim et al. 18 N/A 26a N/A 39a N/A 89 N/A 79a N/A ND N/A 4.7a N/A

Yeh et al. 16 N/A 38 N/A 28 N/A ND N/A 84 N/A ND N/A ND N/A

N/A not applicable to study, ND not documented in study
a Results for entire study patient cohort; unable to extrapolate just MCL patient data
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MCL reconstruction

Two retrospective studies evaluating the outcomes of

reconstruction of the MCL were included for outcomes

review [21, 44]. Literature directly comparing the results

of MCL reconstruction and non-operative management

revealed one such article [9]. The characteristics of these

three MCL reconstruction studies are further detailed in

Table 2.

Yoshiya et al. [44] published a retrospective case series

evaluating 22 patients with combined ligament knee inju-

ries who underwent operative management of the associ-

ated cruciate ligament injuries and MCL reconstruction

using autograft semitendinosus/gracilis tendons. All

patients underwent operative intervention for acute gross

medial instability (six patients) or chronic Grade III tears

with excessive medial joint opening on clinical valgus

stress testing (18 patients). Of the 22 patients with com-

bined ligament injuries, three patients had multi-ligament

knee injuries (ACL and PCL). However, due to the com-

plex nature of reconstructing three ligaments and concern

over the increased morbidity involving such an extensive

procedure, only the MCL and the cruciate ligament (ACL

or PCL) with a major component of sagittal instability were

reconstructed. The remaining patients had injury only to

the ACL or PCL alone and these were reconstructed in 12

and 7, respectively. IKDC scores for the three patient

subset of the overall cohort found 3/3 (100%) near-normal

function with one patient complaining of mild persistent

pain/instability. MCL integrity was tested with stress

radiographs and noted to be stable in 20/24 patients.

Average side-to-side valgus testing showed a statistically

significant decrease in medial joint space opening from

4.9 ± 0.9 mm preoperatively to 0.2 ± 0.5 mm post-oper-

atively (P \ 0.05).

More recently, Ibrahim et al. [21] reported their series of

multi-ligament reconstructions of the knee following trau-

matic dislocation. Fifteen of the included 20 patients had

MCL involvement and reconstruction was performed using

an artificial ligament. Post-operative MCL function was

evaluated using manual valgus stress testing at 30� flexion.

14/15 (93%) of knees had stable knees to manual testing

when compared to the contralateral side with one patient

showing 1? laxity. They advocated the reconstruction/

repair of all cruciate and collateral ligament injuries.

Unfortunately, as with the other above studies, the authors

failed to discuss if operative management of the concom-

itant MCL injuries improved objective knee function.

MCL reconstruction versus non-operative treatment

Fanelli and Edson [9] in 2002 published a series of 35

patients with acute and chronic multi-ligament injured

knees that underwent operative intervention. While the

majority of the study focused on outcomes of ACL/PCL

reconstruction, in this cohort of patients 15 had associated

injuries involving the MCL. Seven of these patients were

treated non-operatively with bracing and eight treated with

reconstruction consisting of a semitendinosus autograft or

allograft with reinforcement using posteromedial capsular

advancement. Post-operative MCL function was evaluated

using manual valgus stress testing in 30� flexion. 7/7

(100%) of the operatively treated MCL injuries and 7/8 of

the braced MCL’s were deemed stable. They noted that

treatment decisions for operative or non-operative treat-

ment depended on the degree of medial side damage,

although no clarification was given on the characterization

of lower versus higher grade lesions.

MCL repair versus MCL reconstruction

A similar search for articles comparing the operative

management of MCL injuries with either MCL repair or

MCL reconstruction was performed. There were no reports

found in the English-language literature directly comparing

the results of these two treatment modalities.

Discussion

The most important finding of our systematic review was

that repair or reconstruction of the MCL in the setting of

Table 2 Summary of demographics and functional results in studies describing outcomes of MCL reconstruction in multi-ligament knee injuries

Study Patients Mean age

(years)

Mean F/U

(months)

Valgus testing

(% stable)

Mean Lysholm

score

IKDC

(%excellent/good)

Tegner

score

Surg Con Surg Con Surg Con Surg Con Surg Con Surg Con Surg Con

Ibrahim et al. 15 N/A 27a N/A 43a N/A 93 N/A 91a N/A 45a N/A 5.7a N/A

Yoshiya et al. 3 N/A 26 N/A 27 N/A 67 N/A N/A N/A 100 N/A NP N/A

Fanelli et al. 8 7 ND 24–120 100 87.5% 91a ND 5.3a

N/A not applicable to study, ND not documented in study
a Results for entire study patient cohort; unable to extrapolate just MCL patient data
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the multi-ligament injured knee yields satisfactory results

based on the best available evidence in the literature.

Having said that, it is difficult to draw any strong clinical

conclusions due to the lack of Level I studies of adequate

size. In fact, there were not even any Level II or III studies

that met our inclusion criteria.

The anatomic importance of the MCL stems from its

function as the primary static restraint to valgus-directed

loads with secondary resistance to abnormal external tibial

rotation [15, 28, 38]. The MCL complex is composed of

one large ligament, the superficial MCL, and a series of

capsular thickenings and tendinous attachments. These

latter structures include the deep MCL and capsular

attachments from the main common tendon of the semi-

membranosus tendon, known as the posterior oblique

ligament. It is situated within the second tissue layer,

according to the three-layer anatomical concept originally

described by Warren and Marshall [39].

A recent anatomic study by LaPrade et al. [27] showed

that the superficial MCL has one proximal femoral

attachment site situated in a depression proximal and

posterior to the center of the medial epicondyle. They also

found two distinct tibial insertion sites, a soft-tissue

attachment directly over the anterior arm of the semi-

membranosus and one directly onto bone just anterior to

the posteromedial crest of the tibia. This specific anatom-

ical information is critical in planning reconstructive

options and techniques.

Classification system

Classification of injuries to the MCL was first described by

Hughston in 1976 [19] and further clarified in 1994 [18].

Hughston used two related systems that took into account

severity and laxity of ligament injury. In contrast, Fetto and

Marshall [12] in 1978 defined MCL injuries in their own

classification system by the presence of valgus laxity at

different degrees of flexion. The degree of injury to the

MCL routinely determines the method of treatment. It is

generally accepted that Hughston Grade I and II injuries

(partial tears) and isolated Hughston Grade III injuries

(complete tears) of the MCL can be treated non-operatively

with early functional rehabilitation [4, 7, 8, 17, 22, 24, 26,

30, 31, 33]. This is also true for Fetto and Marshall Grade I

and II injuries. This is mainly due to the excellent healing

capability of this ligament found in both animal and clin-

ical studies [2, 22, 40].

The treatment of Hughston Grade III MCL tears asso-

ciated with other ligamentous injuries within the knee and

Fetto and Marshall Grade III tears continues to be a con-

troversial topic [4, 13, 16, 18, 34]. These injuries have been

treated both non-operatively as well as operatively, with

primary repair or reconstruction using various surgical

techniques. In cases of multi-ligament knee injuries, the

cumulative effect of these damaged structures on knee

stability may be more pronounced due to the functional

deficiency of one ligament directly affecting the healing of

others [25, 41].

Outcome standardization

Interpretation of this available information has been com-

plicated for two reasons. First, it is difficult in many studies

to assess the homogeneity of injury severity within the

patient cohorts as most authors used different classification

schemes. Not to mention the fact that the above noted

classification systems conflict and overlap with one another

to a certain degree. Also, multiple studies on management

of MCL injuries have failed to clearly define the specific

objective outcome measures to assess stability of the MCL.

The ability to measure outcome data is paramount when

attempting to compare different treatment interventions in

an evidence-based model.

The latter issue can be highlighted especially in current

literature pertaining to MCL reconstructions. Many recent

articles pertaining to MCL reconstruction have been in the

form of technique papers [1, 6, 14, 37]. These studies have

all highlighted the operative technique, proximal and distal

fixation methods, as well as rationales behind the devel-

opment of their respective procedures. Most have failed at

providing any notable objective clinical outcome data on

the results of their techniques.

Multiple review articles have been published in recent

years highlighting the clinicopathological features, diag-

nosis, and treatment of MCL injuries in the setting of

combined ligament disruption [3, 10, 11, 23, 32]. In gen-

eral, these studies have also failed to highlight or discuss

operative outcomes. To our knowledge, this is the first

review specifically evaluating the outcomes of operative

management (repair or reconstruction) of these injuries.

The strengths of this review include the clear definition

of the research question to eliminate bias in the selection of

the included studies and adherence to a research protocol

that was developed prior to the analysis. After developing

the research question and protocol, a comprehensive liter-

ature search was undertaken including the use of electronic

databases and manual bibliography cross-referencing as

recommended by Wright et al. [42].

The primary limitation of this review is that a direct

analysis of MCL repair and MCL reconstruction was not

possible due to the fact that there are no trials in the current

literature looking at the comparative outcomes of these two

treatment modalities. Of the included studies, the hetero-

geneity of patient populations, lack of clear injury severity,

and variable outcome evaluation tools within the studies

makes formal comparison or meta-analysis between MCL
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repair and reconstruction difficult. Study populations were

found to have significant variables potentially influencing

treatment decisions and ultimate outcome including patient

characteristics, associated injuries and treatment of those

additional injuries. An example of this is the wide age range

(17–58) in the retrospective MCL repair studies, as there are

obvious differences in the functional demands and activity

levels at the extremes of this range. In addition, all of the

included studies were retrospective in design (Level IV)

with inherent selection and recall biases. The relative dearth

of Level I evidence in the orthopedic literature comparing

treatments of MCL in multi-ligament injured knee reflects

the complexity and variability of these injuries in general

and helps explains the numerous treatment rationales and

techniques used for clinical decision-making.

Conclusion

Currently there is a paucity of objective data on the out-

comes regarding surgical management of MCL tears in the

combined ligament injured knee. This systematic review

demonstrated satisfactory results in both repair and

reconstruction groups. Future objective outcome-based

studies as well as comparative studies are needed to further

evaluate the optimal treatment modality before evidence-

based recommendations can be made. Therefore, individ-

ual treatment decisions for each patient should be based on

the characteristics and nature of the injury.

References

1. Adachi N, Ochi M, Deie M et al (2006) New hamstring fixation

technique for medial collateral ligament or posterolateral corner

reconstruction using the mosaicplasty system. Arthroscopy

22:571.e1–571.e3

2. Anderson DR, Weiss JA, Takai S et al (1992) Healing of the

medial collateral ligament following a triad injury: a biome-

chanical and histological study of the knee in rabbits. J Orthop

Res 10:485–495. doi:10.1002/jor.1100100404

3. Azar FM (2006) Evaluation and treatment of chronic medial

collateral ligament injuries of the knee. Sports Med Arthrosc

14:84–90. doi:10.1097/01.jsa.0000212311.77817.c8

4. Ballmer PM, Jakob RP (1988) The non operative treatment of

isolated complete tears of the medial collateral ligament of the

knee. A prospective study. Arch Orthop Trauma Surg 107:273–

276. doi:10.1007/BF00451505

5. Bin SI, Nam TS (2007) Surgical outcome of 2-stage management

of multiple knee ligament injuries after knee dislocation.

Arthroscopy 23:1066–1072. doi:10.1016/j.arthro.2007.05.008

6. Borden PS, Kantaras AT, Caborn DN (2002) Medial collateral

ligament reconstruction with allograft using a double-bundle

technique. Arthroscopy 18:E19. doi:10.1053/jars.2002.32235

7. Derscheid GL, Garrick JG (1981) Medial collateral ligament

injuries in football. Nonoperative management of grade I and

grade II sprains. Am J Sports Med 9:365–368. doi:10.1177/

036354658100900605

8. Ellsasser JC, Reynolds FC, Omohundro JR (1974) The non-

operative treatment of collateral ligament injuries of the knee in

professional football players. An analysis of seventy-four injuries

treated non-operatively and twenty-four injuries treated surgi-

cally. J Bone Joint Surg Am 56:1185–1190

9. Fanelli GC, Edson CJ (2002) Arthroscopically assisted combined

anterior and posterior cruciate ligament reconstruction in the

multiple ligament injured knee: 2- to 10-year follow-up.

Arthroscopy 18:703–714. doi:10.1053/jars.2002.35142

10. Fanelli GC, Harris JD (2006) Surgical treatment of acute medial

collateral ligament and posteromedial corner injuries of the knee.

Sports Med Arthrosc 14:78–83. doi:10.1097/01.jsa.0000212301.

80496.dc

11. Fanelli GC, Orcutt DR, Edson CJ (2005) The multiple-ligament

injured knee: evaluation, treatment, and results. Arthroscopy

21:471–486. doi:10.1016/j.arthro.2005.01.001

12. Fetto JF, Marshall JL (1978) Medial collateral ligament injuries

of the knee: a rationale for treatment. Clin Orthop Relat Res

132:206–218

13. Frolke JP, Oskam J, Vierhout PA (1998) Primary reconstruction

of the medial collateral ligament in combined injury of the medial

collateral and anterior cruciate ligaments. Short-term results.

Knee Surg Sports Traumatol Arthrosc 6:103–106. doi:10.1007/

s001670050081

14. Gorin S, Paul DD, Wilkinson EJ (2003) An anterior cruciate

ligament and medial collateral ligament tear in a skeletally

immature patient: a new technique to augment primary repair of

the medial collateral ligament and an allograft reconstruction of

the anterior cruciate ligament. Arthroscopy 19:E21–E26. doi:

10.1016/j.arthro.2003.10.031

15. Grood ES, Noyes FR, Butler DL et al (1981) Ligamentous and

capsular restraints preventing straight medial and lateral laxity in

intact human cadaver knees. J Bone Joint Surg Am 63:1257–1269

16. Hillard-Sembell D, Daniel DM, Stone ML et al (1996) Combined

injuries of the anterior cruciate and medial collateral ligaments of

the knee. Effect of treatment on stability and function of the joint.

J Bone Joint Surg Am 78:169–176

17. Holden DL, Eggert AW, Butler JE (1983) The nonoperative

treatment of grade I and II medial collateral ligament injuries

to the knee. Am J Sports Med 11:340–344. doi:10.1177/

036354658301100511

18. Hughston JC (1994) The importance of the posterior oblique

ligament in repairs of acute tears of the medial ligaments in knees

with and without an associated rupture of the anterior cruciate

ligament. Results of long-term follow-up. J Bone Joint Surg Am

76:1328–1344

19. Hughston JC, Andrews JR, Cross MJ et al (1976) Classification of

knee ligament instabilities. Part I. The medial compartment and

cruciate ligaments. J Bone Joint Surg Am 58:159–172

20. Ibrahim SA (1999) Primary repair of the cruciate and collateral

ligaments after traumatic dislocation of the knee. J Bone Joint

Surg Br 81:987–990. doi:10.1302/0301-620X.81B6.9516

21. Ibrahim SA, Ahmad FH, Salah M et al (2008) Surgical man-

agement of traumatic knee dislocation. Arthroscopy 24:178–187.

doi:10.1016/j.arthro.2007.08.007

22. Indelicato PA (1983) Non-operative treatment of complete tears

of the medial collateral ligament of the knee. J Bone Joint Surg

Am 65:323–329

23. Indelicato PA (1995) Isolated medial collateral ligament injuries

in the knee. J Am Acad Orthop Surg 3:9–14

24. Indelicato PA, Hermansdorfer J, Huegel M (1990) Nonoperative

management of complete tears of the medial collateral ligament

of the knee in intercollegiate football players. Clin Orthop Relat

Res 174–177

828 Knee Surg Sports Traumatol Arthrosc (2009) 17:823–829

123

http://dx.doi.org/10.1002/jor.1100100404
http://dx.doi.org/10.1097/01.jsa.0000212311.77817.c8
http://dx.doi.org/10.1007/BF00451505
http://dx.doi.org/10.1016/j.arthro.2007.05.008
http://dx.doi.org/10.1053/jars.2002.32235
http://dx.doi.org/10.1177/036354658100900605
http://dx.doi.org/10.1177/036354658100900605
http://dx.doi.org/10.1053/jars.2002.35142
http://dx.doi.org/10.1097/01.jsa.0000212301.80496.dc
http://dx.doi.org/10.1097/01.jsa.0000212301.80496.dc
http://dx.doi.org/10.1016/j.arthro.2005.01.001
http://dx.doi.org/10.1007/s001670050081
http://dx.doi.org/10.1007/s001670050081
http://dx.doi.org/10.1016/j.arthro.2003.10.031
http://dx.doi.org/10.1177/036354658301100511
http://dx.doi.org/10.1177/036354658301100511
http://dx.doi.org/10.1302/0301-620X.81B6.9516
http://dx.doi.org/10.1016/j.arthro.2007.08.007


25. Inoue M, McGurk-Burleson E, Hollis JM et al (1987) Treatment

of the medial collateral ligament injury. I: the importance of

anterior cruciate ligament on the varus–valgus knee laxity. Am J

Sports Med 15:15–21. doi:10.1177/036354658701500103

26. Jones RE, Henley MB, Francis P (1986) Nonoperative manage-

ment of isolated grade III collateral ligament injury in high school

football players. Clin Orthop Relat Res 213:137–140

27. LaPrade RF, Engebretsen AH, Ly TV et al (2007) The anatomy

of the medial part of the knee. J Bone Joint Surg Am 89:2000–

2010. doi:10.2106/JBJS.F.01176

28. Muller W (1983) The knee: form, function and ligament recon-

struction. Springer, New York

29. Owens BD, Neault M, Benson E et al (2007) Primary repair of

knee dislocations: results in 25 patients (28 knees) at a mean

follow-up of four years. J Orthop Trauma 21:92–96. doi:

10.1097/BOT.0b013e3180321318

30. Petermann J, von Garrel T, Gotzen L (1993) Non-operative

treatment of acute medial collateral ligament lesions of the knee

joint. Knee Surg Sports Traumatol Arthrosc 1:93–96. doi:

10.1007/BF01565459

31. Pforringer W, Beck N, Smasal V (1993) Conservative therapy of

ruptures of the medial collateral ligament of the knee. Results of a

comparative follow-up study. Sportverletz Sportschaden 7:13–17.

doi:10.1055/s-2007-993477

32. Phisitkul P, James SL, Wolf BR et al (2006) MCL injuries of the

knee: current concepts review. Iowa Orthop J 26:77–90

33. Reider B, Sathy MR, Talkington J et al (1994) Treatment of

isolated medial collateral ligament injuries in athletes with early

functional rehabilitation. A five-year follow-up study. Am J

Sports Med 22:470–477. doi:10.1177/036354659402200406

34. Shelbourne KD, Porter DA (1992) Anterior cruciate ligament-

medial collateral ligament injury: nonoperative management of

medial collateral ligament tears with anterior cruciate ligament

reconstruction. A preliminary report. Am J Sports Med 20:283–

286. doi:10.1177/036354659202000308

35. Stannard JP, Brown SL, Farris RC et al (2005) The posterolateral

corner of the knee: repair versus reconstruction. Am J Sports Med

33:881–888. doi:10.1177/0363546504271208

36. Tzurbakis M, Diamantopoulos A, Xenakis T et al (2006) Surgical

treatment of multiple knee ligament injuries in 44 patients: 2–8

years follow-up results. Knee Surg Sports Traumatol Arthrosc

14:739–749. doi:10.1007/s00167-006-0039-4

37. Wahl CJ, Nicandri G (2008) Single-Achilles allograft posterior

cruciate ligament and medial collateral ligament reconstruction: a

technique to avoid osseous tunnel intersection, improve construct

stiffness, and save on allograft utilization. Arthroscopy 24:486–

489. doi:10.1016/j.arthro.2007.08.003

38. Warren LA, Marshall JL, Girgis F (1974) The prime static sta-

bilizer of the medical side of the knee. J Bone Joint Surg Am

56:665–674

39. Warren LF, Marshall JL (1979) The supporting structures and

layers on the medial side of the knee: an anatomical analysis.

J Bone Joint Surg Am 61:56–62

40. Woo SL, Vogrin TM, Abramowitch SD (2000) Healing and

repair of ligament injuries in the knee. J Am Acad Orthop Surg

8:364–372

41. Woo SL, Young EP, Ohland KJ et al (1990) The effects of

transection of the anterior cruciate ligament on healing of the

medial collateral ligament. A biomechanical study of the knee in

dogs. J Bone Joint Surg Am 72:382–392

42. Wright RW, Brand RA, Dunn W, Spindler KP (2007) How to

write a systematic review. Clin Orthop Relat Res 455:23–29

43. Yeh WL, Tu YK, Su JY et al (1999) Knee dislocation: treatment

of high-velocity knee dislocation. J Trauma 46:693–701. doi:

10.1097/00005373-199904000-00023

44. Yoshiya S, Kuroda R, Mizuno K et al (2005) Medial collateral

ligament reconstruction using autogenous hamstring tendons:

technique and results in initial cases. Am J Sports Med 33:1380–

1385. doi:10.1177/0363546504273487

Knee Surg Sports Traumatol Arthrosc (2009) 17:823–829 829

123

http://dx.doi.org/10.1177/036354658701500103
http://dx.doi.org/10.2106/JBJS.F.01176
http://dx.doi.org/10.1097/BOT.0b013e3180321318
http://dx.doi.org/10.1007/BF01565459
http://dx.doi.org/10.1055/s-2007-993477
http://dx.doi.org/10.1177/036354659402200406
http://dx.doi.org/10.1177/036354659202000308
http://dx.doi.org/10.1177/0363546504271208
http://dx.doi.org/10.1007/s00167-006-0039-4
http://dx.doi.org/10.1016/j.arthro.2007.08.003
http://dx.doi.org/10.1097/00005373-199904000-00023
http://dx.doi.org/10.1177/0363546504273487

	Operative management of the medial collateral ligament �in the multi-ligament injured knee: an evidence-based �systematic review
	Abstract
	Introduction
	Methods
	Results
	MCL repair
	MCL repair versus non-operative treatment
	MCL reconstruction
	MCL reconstruction versus non-operative treatment
	MCL repair versus MCL reconstruction

	Discussion
	Classification system
	Outcome standardization

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


