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Current Concepts

The Multiple-Ligament Injured Knee: Evaluation, Treatment,
and Results

Gregory C. Fanelli, M.D., Daniel R. Orcutt, M.D., M.S., and Craig J. Edson, M.S., P.T., A.T.C.

Abstract: The multiple-ligament injured knee is a complex problem in orthopaedic surgery. Most
dislocated knees involve tears of the anterior and posterior cruciate ligaments (ACL/PCL) and at least
1 collateral ligament complex. Careful assessment of the extremity vascular status is essential
because of the possibility of arterial and/or venous compromise. These complex injuries require a
systematic approach to evaluation and treatment. Physical examination and imaging studies enable
the surgeon to make a correct diagnosis and to formulate a treatment plan. Arthroscopically assisted
combined ACL/PCL reconstruction is a reproducible procedure. Knee stability is improved postop-
eratively when evaluated using knee ligament rating scales, arthrometer testing, and stress radio-
graphic analysis. Acute medial collateral ligament (MCL) tears, when combined with ACL/PCL
tears, may in certain cases be treated with bracing. Posterolateral corner injuries combined with
ACL/PCL tears are best treated with primary repair as indicated, combined with reconstruction using
a post of strong autograft (split biceps tendon, biceps tendon, semitendinosus) or allograft (Achilles
tendon, bone–patellar tendon–bone) tissue. Surgical timing depends on the ligaments injured, the
vascular status of the extremity, reduction stability, and the overall health of the patient. We prefer
to use allograft tissue for reconstruction in these cases because of the strength of these large grafts
and the absence of donor site morbidity. Key Words: Dislocated knee—Combined ACL/PCL
injury—Allograft—Arthroscopic reconstruction.
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he dislocated knee is a severe injury resulting
from violent trauma. It results in disruption of at

east 3 of the 4 major ligaments of the knee and leads
o significant functional instability. Vascular and
erve damage, as well as associated fractures, may
ontribute to the challenge of caring for this injury.
istorical treatment was primarily limited to immobi-

ization. However, with the advent of better surgical
nstrumentation and technique, the management of
ombined anterior and posterior cruciate ligament
ACL/PCL) tears associated with medial or lateral
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Arthroscopy: The Journal of Arthroscopic and Related S
ollateral ligament (MCL/LCL) disruption has be-
ome primarily surgical. This article presents the basic
nee anatomy, mechanisms and classifications of in-
ury, evaluation, treatment, postoperative rehabilita-
ion, and our experience with treating the dislocated
nee.

ANATOMY

The stability of the knee is attributable to several
natomic structures. The articulation of the femo-
otibial joint is maintained in part by the bony anat-
my of the femoral condyles and the tibial plateau.
he menisci serve to increase the contact area between

emur and tibia and thus increase stability of the joint.
he 4 major ligaments (ACL, PCL, MCL, LCL) and

he posterior medial and posterior lateral corners are
he most significant ligamentous stabilizers of the

nee. In addition to these static anatomic structures,
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472 G. C. FANELLI ET AL.
ynamic anatomic structures, such as the musculature
hat crosses the knee joint, also play a role in stabili-
ation. In any knee injury, examination must include
valuation of all these anatomic structures.

When evaluating a dislocated knee, it is imperative
o evaluate the structural integrity of any remaining
igamentous structure; consequently, the functions of
hese structures must be well understood. The ACL
rimarily prevents anterior translation of the tibia rel-
tive to the femur, and accounts for about 86% of the
otal resistance to anterior tibial translation.1 It is also
nvolved in limiting internal and external rotation of
he tibia relative to the femur when the knee is in
xtension.2 The ACL will also limit varus and valgus
tress in the face of either an LCL or an MCL injury.

The PCL may be considered the primary static
tabilizer of the knee, given its location near the center
f rotation of the knee and its relative strength.3 The
CL has been shown to provide 95% of the total
estraint to posterior tibial displacement forces acting
n the tibia.1 The PCL works in concert with struc-
ures of the posterior lateral corner, and injury to both
tructures is required to significantly increase poste-
ior translation.4

The MCL and LCL act alone to resist valgus and
arus stresses, respectively, at 30° of knee flexion.
ogether, they act in a secondary fashion to limit
nterior and posterior translation, and rotation of the
ibia on the femur. The anatomy of the posterior
ateral corner of the knee is complex; its major struc-
ures consists of (1) the LCL, (2) the arcurate com-
lex, (3) the popliteal tendon, and (4) the popliteal-
bular ligament.5 The posterolateral corner primarily
esists posterior lateral rotation of the tibia relative to
he femur, but also contributes to resisting posterior
ibial translation. The posteromedial corner of the
nee consists primarily of the posterior oblique por-
ion of the MCL and associated joint capsule. These
tructures provide resistance to valgus stress and pos-
erior medial tibial translation. Evaluation of traumatic
nee dislocation must include these anatomic struc-
ures; typically, 3 or more areas are injured in knee
islocation. Failure to recognize and treat capsular and
igamentous injury, aside from the obvious ACL/PCL
njury, will result in less than optimal results.6-8

Neurovascular structures are also at risk of injury.
he popliteal fossa is defined by the tendons of the pes
nserinus and semimembranous medially and the bi-
eps tendon laterally. The space is closed distally by
he medial and lateral heads of the gastrocnemius and
roximally by the hamstrings. Within this space, the

opliteal artery and vein and the tibial and peroneal q
ranches of the sciatic nerve are located. The popliteal
rtery may be most at risk to injury in knee disloca-
ions. The popliteal artery is tethered proximally at the
dductor hiatus as it exits from Hunter’s canal, and
istally as it passes under the soleus arch, making it
ulnerable to injury in these areas. This artery is
onsidered to be an “end artery” of the lower limb; if
t is injured, the surrounding geniculate arteries are not
ufficient to maintain collateral blood flow to the
ower extremity. The popliteal vein is in close asso-
iation with the artery, but seems to be less at risk
uring injury than the popliteal artery. From a surgical
tandpoint, the popliteal vessels are located directly
osterior to the posterior horns of the medial and
ateral meniscus, and dissection in this area may put
hese structures at risk if not adequately protected. The
ciatic nerve divides into its peroneal and tibial divi-
ions within the popliteal space. These nerves are less
ikely to be injured with knee dislocation, probably
ecause they are not tethered as the popliteal artery is.
he peroneal nerve is at higher risk because its course
round the fibular head functionally decreases its po-
ential excursion, and violent varus injuries may result
n traction and/or avulsion injuries to this nerve. Its
ocation must be identified during dissections to re-
onstruct the posterolateral corner.

CLASSIFICATION

Classification of knee dislocation is primarily based
n the direction the tibia dislocates relative to the
emur.9,10 This results in 5 different categories: ante-
ior, posterior, lateral, medial, or rotatory. The ante-
ior-medial and lateral, posterior-medial, and lateral
islocations are classified as “rotatory” dislocation.
ther factors to be considered include whether (1) the

njury is open or closed, (2) the injury was caused by
high-energy” or “low-energy” trauma, (3) the knee is
ompletely dislocated or subluxated, and (4) there is
eurovascular involvement. Furthermore, one should
e acutely conscious of the fact that a complete dis-
ocation may spontaneously reduce, and any triple-
igament knee injury constitutes a frank disloca-
ion.7,11,12

Reports vary, but anterior and/or posterior disloca-
ion appear to be the most common direction of dis-
ocation. Frassica et al.13 found a 70% incidence rate
f posterior, 25% anterior, and 5% rotatory disloca-
ions in their series. Green and Allen14 reported a 31%
nterior, 25% posterior, and 3% rotatory dislocation in
heir series. Rotatory dislocations occur less fre-

uently, but the posterolateral dislocation seems to be
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473THE MULTIPLE-LIGAMENT INJURED KNEE
he most common combination. This particular pattern
ay be irreducible as a result of the medial femoral

ondyle becoming “button-holed” through the antero-
edial joint capsule. In addition, the MCL invaginates

nto the joint space, blocking reduction. This “button-
oling” results in a “skin furrow” along the medial
oint line as the subcutaneous tissue attachments to the
oint capsule drag the skin into the joint.15 Attempts at
eduction in this scenario make the skin furrow more
ronounced.
The actual incidence of different directional dislo-

ation is not as important as correctly diagnosing the
irection of injury, and how it relates to potential
eurovascular injury. Hyperextension injuries (or pos-
erior dislocations), because of the tethered popliteal
rtery and vein, may have the highest incidence of
ssociated vascular injury; however, any dislocation,
f initial displacement is severe enough, will result in
njury to the popliteal artery. The common peroneal
erve is less at risk because it has a greater excursion
han the popliteal vessels, but it is still susceptible
hen a varus force is applied to the knee. Posterolat-

ral dislocation is associated with a high incidence of
njury to the common peroneal nerve.16,17

Open knee dislocations are not uncommon; the re-
orted incidence is between 19% and 35% of all
islocations.17,18 An open knee dislocation, in general,
aries a worse prognosis because of the severe injury
o the soft-tissue envelope. Furthermore, an open in-
ury may require an open ligament reconstruction, or
taged reconstruction, as arthroscopically assisted
echniques cannot be performed in the acute setting
ith these open injuries.
Distinguishing between low- and high-energy inju-

ies is important. Low-energy or low-velocity injuries,
sually associated with sports injuries, have a de-
reased incidence of associated vascular injury. High-
nergy or velocity injuries, associated with motor ve-
icle accidents or falls from a height, tend to have an
ncreased incidence of vascular compromise. With
ecreased pulses in an injured limb and the history of
high-energy injury, one should obtain vascular stud-

es urgently.

MECHANISM OF INJURY

The mechanism of injury for the 2 most common
nee dislocation patterns, anterior and posterior, are
easonably well described. Kennedy16 was able to
eproduce anterior dislocation by a hyperextension
orce acting on the knee; at 30° of hyperextension, he

ound that the posterior capsule failed. When extended r
urther, to about 50°, the ACL, PCL, and popliteal
rtery fail. There is some question as to whether the
CL or the PCL fails first with hyperextension,16,19

ut in our clinical experience,7 both the anterior and
osterior cruciate ligaments fail with dislocation. Oth-
rs have reported both ACL and PCL tears with com-
lete knee dislocation.13,20,21

A posterior-directed force applied to the proximal
ibia when the knee is flexed to 90° is thought to
roduce a posterior dislocation, the so-called “dash-
oard” injury.20 Medial and lateral dislocations result
rom varus/valgus stresses applied to the knee. A
ombination of varus/valgus stress with hyperexten-
ion/blow to proximal tibia will likely produce one of
he rotatory dislocations.

ASSOCIATED INJURIES

Several anatomic structures are at risk in the dislo-
ated knee. The 4 major ligaments of the knee as well
s the posterior medial and lateral corners can be
ompromised. Vascular and nerve injuries are com-
on. There may also be associated bony lesions:

vulsion fractures of the ACL or PCL, frank tibial
lateau or distal femur condylar fractures, or ipsilat-
ral tibial or femoral shaft fractures.

There is evidence in the literature that a frank dis-
ocation may not result in complete rupture of 3 of the

major ligaments16,17,22; however, this seems to be
he exception rather than the rule. Several investiga-
ors have found that a frank dislocation of the knee
nvariably results in rupture of at least 3 of the 4 major
igaments. Sisto and Warren21 found that all knees in
heir series had 3 or more ligaments compromised. In
tudy of Frassica et al.,13 all 13 patients treated oper-
tively were found to have ACL, PCL, and MCL
isruptions. In the study by Fanelli et al.,7 19 of 20
ere found to have a third component (posterior lat-

ral corner or MCL) in addition to complete ACL and
CL disruption. With a frank dislocation of the knee,
areful ligament examination is necessary to fully
iagnose the extent of the injury.
The incidence of vascular compromise in knee dis-

ocations has been estimated to be about 32%.14 When
imited to anterior or posterior dislocation, the inci-
ence may be as high as 50%.23 Recent studies con-
rm the significant incidence of arterial in-

ury,13,21,24,25 reaffirming the need for careful vascular
valuation. The popliteal artery is an “end-artery” to
he leg, with minimal collateral circulation through the
enicular arteries. Furthermore, the popliteal vein is

esponsible for the majority of venous outflow from
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474 G. C. FANELLI ET AL.
he knee. If either structure is compromised to the
oint of prolonged obstruction, ischemia and eventual
mputation is often the result.26,27

Two mechanisms have been described for injury to
he popliteal artery: one is a “stretching” mechanism,
een with hyperextension, until the vessel ruptures.
his may occur secondary to the “tethered” nature of

he artery at the adductor hiatus and the entrance
hrough the gastrocnemius-soleus complex. This type
f injury should be suspected with an anterior dislo-
ation. Posterior dislocations may cause direct contu-
ion of the vessel by the posterior plateau, resulting in
ntimal damage. Under no circumstance should com-
romised vascular status be attributed to arterial
pasm; in this circumstance, there is often intimal
amage and impending thrombosis formation. Cone28

oints out that initial examination may be normal;
owever, thrombus formation can occur hours to days
ater28-31 and recent studies have found delayed throm-
us formation.13,21 Furthermore, bicruciate ligament
uptures presenting as a ‘reduced’ dislocated knee
ay have as high an incidence of arterial injury as a

rank dislocation.12

Popliteal vein injury occurs much less frequently, or
t least historically had not been reported. Despite
his, venous occlusion must also be recognized and
ppropriately treated. Historically, whether to repair
enous injury seemed controversial. Ligating the pop-
iteal vein, a common practice during the Vietnam
onflict, led to severe edema, phlebitis, and chronic
enous stasis changes. Venous repair was thought to
ead to thrombophlebitis and pulmonary embolism.
urrently, if obstruction to outflow is recognized,

urgical repair of the popliteal vein is warranted.32

Injury to either the peroneal nerve or the tibial nerve
as been documented,16,17,21-25,33 with an incidence
ate of about 20% to 30%. The nervous structures
bout the knee are not as tightly anchored as the
opliteal vessels; this probably accounts for the lower
ncidence of injury compared with neighboring vas-
ular structures. The mechanism of injury is usually
ne of stretch. The peroneal nerve seems to be more
requently involved than the tibial nerve, probably
ecause of its anatomic location. With any varus load-
ng of the knee, the peroneal nerve is placed under
ension. Shields et al. reported that posterior disloca-
ion caused the majority of the nerve injuries.17

Given the fact that knee dislocation is usually
aused by violent trauma, associated fractures are
ommon; the incidence rate may be as high as 60%.22

ibial plateau fractures and ligament avulsion frac-

ures from the proximal tibia or distal femur are com- l
on.13,18,21,22,33,34 Recognition of these injuries is also
mportant because additional bony involvement has
mplications on definitive treatment. Associated distal
emur fractures and proximal tibial fractures treated
ith intramedullary nailing make bone tunnel place-
ent for ACL and PCL reconstruction difficult. With

iolent trauma, any fracture or avulsion conceivable
ay occur with a dislocated knee, but there is sugges-

ion that medial and lateral dislocations are associated
ith some increased frequency of minor bony le-

ions.35

Fracture-dislocations represent a separate entity in
he spectrum of pure knee dislocation to tibial plateau
ractures. Pure knee dislocation requires only soft
issue reconstruction to gain stability; tibial plateau
ractures require purely bony stabilization. Fracture-
islocations of the knee often involve both bony and
igamentous repair or reconstruction, adding an ele-
ent of complexity to their treatment.10,36 Long-term

utcome of fracture-dislocation injuries to the knee
oint falls somewhere between tibial plateau fractures
nd pure dislocations, with tibial plateau fractures
oing the best and dislocations the worst.36

INITIAL EVALUATION AND
MANAGEMENT

eneral Considerations

Obvious deformity may be present on initial exam-
nation. However, in a polytrauma patient who is
ntubated and sedated, the injury may escape initial
valuation. Abrasions or contusions about the knee,
ross crepitus, or laxity may allude to injury in an
therwise normal appearing knee. This importance of
mmediate recognition of knee dislocation or fracture
islocation lay not with the treatment of instability,
ut the recognition of potential vascular injury and
ossible vascular compromise.12 Neurovascular status
ust be assessed on both lower extremities. Neuro-

ogic examination may be difficult in the polytrauma
atient, and is not as important initially as is serial
eurologic examination. Vascular examination is
ore pressing because ischemia lasting more than 8

ours usually results in amputation.14 In the reduced
nee, a white, cool limb that is obvious on physical
xamination and denotes arterial damage, requires an
mmediate arteriogram. However, normal pulses,
oppler signals, and capillary refill do not rule out an

rterial injury.28 Thrombosis may occur hours to days

ater, necessitating serial examination. If there is any
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475THE MULTIPLE-LIGAMENT INJURED KNEE
uestion of perfusion of the limb, an arteriogram is
arranted.

maging Studies

Before any manipulation, anteroposterior and lat-
ral radiographs of the affected extremity are com-
leted. This is important to confirm the direction of
islocation and any associated fractures, and aids in
lanning the reduction maneuver. In the presence of
yanosis, pallor, weak capillary refill, and decreased
eripheral temperature following reduction, arteriog-
aphy must be considered. Venography may be re-
uired if the clinical picture indicates adequate limb
erfusion but obstruction of outflow. After the acute
reatment of the dislocated knee, magnetic resonance
maging may be performed subacutely to confirm and
id in planning the reconstruction of compromised
igamentous structures.

eduction

An unreduced dislocated knee constitutes an ortho-
aedic emergency, and reduction should be under-
aken as soon as possible, preferably in the emergency
epartment. Before manipulation, adequate anteropos-
erior and lateral radiographic evaluation is per-
ormed. This allows for determination of the direction
f the dislocation, any associated fractures, and assists
n planning the reduction maneuver. In the isolated
nee dislocation, intravenous morphine or conscious
edation is usually required. Slow, gradual longitudi-
al traction is applied to the leg from the ankle, and
he proximal tibia is manipulated in the appropriate
irection to effect a reduction. Once reduced, radio-
raphic evaluation to confirm tibiofemoral congru-
ncy is performed, as well as repeated neurovascular
xamination. The limb is than placed in either a long
eg splint or extension knee immobilizer. It is imper-
tive to perform radiographic evaluation after place-
ent in the splint or brace, as posterior subluxation of

he tibia on femur is common. A “bump” consisting of
towel or pad behind the gastrocnemius-soleus com-

lex may aid in maintaining reduction.
The “dimple sign” indicates a posterolateral dislo-

ation, and closed reduction may not be successful.
he medial femoral condyle penetrates the medial

oint capsule, causing interposition of soft tissue in the
oint, warranting open reduction.10,15

hysical Examination

Physical examination features of the ACL/PCL/

LC injured knee include abnormal anterior and pos- o
erior translation at both 25° and 90° of knee flexion,
hich is usually greater than 15 mm. At 90° of knee
exion, the tibial step-off is absent, and the posterior
rawer test is 2� or greater, indicating greater than 10
m of pathologic posterior tibial displacement. The
achman test and pivot-shift phenomenon are posi-

ive, indicating ACL disruption, and there may be
yperextension of the knee. We have identified and
escribed 3 types of posterolateral instability: A, B,
nd C.

Posterolateral instability in the multiple-ligament
njured knee includes at least 10° of increased tibial
xternal rotation compared with the normal knee at
0° and 90° of knee flexion (positive dial test, and
xternal rotation thigh-foot angle test), and variable
egrees of varus instability depending on the in-
ured anatomic structures. Posterolateral instability
PLI) type A has increased external rotation only,
orresponding to injury to the popliteofibular liga-
ent, and popliteus tendon only. PLI type B pre-

ents with increased external rotation, and mild
arus of approximately 5 mm increased lateral joint
ine opening to varus stress at 30° knee flexion. This
ccurs with damage to the popliteofibular ligament,
opliteus tendon, and attenuation of the fibular col-
ateral ligament. PLI type C presents with increased
ibial external rotation, and varus instability of 10
m greater than the normal knee tested at 30° of

nee flexion with varus stress. This occurs with
njury to the popliteofibular ligament, popliteus ten-
on, fibular collateral ligament, and lateral capsular
vulsion, in addition to cruciate ligament disruption.

The MCL is tested with valgus stress at 0° and 30°
f knee flexion to assess the superficial MCL, the
osterior oblique ligament, and the posterior medial
apsule. Extensor mechanism stability is assessed by
edial and lateral patellar glide to assess the integrity

f the lateral and medial patellar retinaculum.

ascular Injuries

A full spectrum of vascular injuries may be encoun-
ered. The overall clinical picture may vary from an
ncomplicated, bicruciate ligament injury with possi-
le intimal damage with a normal physical examina-
ion to a polytrauma patient, with a closed head injury,
ntra-abdominal bleeding, and dislocated knee with
ascular compromise. Life-threatening injuries are ad-
ressed first. The orthopaedic surgeon needs to be
ware of the total limb ischemia time. If there is any
uspicion of arterial damage, a vascular consult is

btained immediately. Reduction is performed to see
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476 G. C. FANELLI ET AL.
f this restores blood flow to the limb. When the total
schemia time approaches 6 hours,14 there is an ur-
ency to restore flow to the lower extremity. An
ntraoperative angiogram during vascular exploration
nd shunting may be required at the expense of a
igh-quality preoperative angiogram.10 Mechanism of
njury should also be noted. A high-energy injury
e.g., motor vehicle accident or a fall from a height)
ay be more suspicious for vascular injury, and one
ay elect to obtain arteriograms despite a normal

ascular examination.12

When an isolated dislocated knee with suspected
rterial injury occurs (asymmetric pulses, Doppler, or
nkle-brachial index), arteriography is performed as
he simple presence of pulses does not rule out vas-
ular damage.28 Any suspicion warrants a vascular
urgery consultation. When the limb is well perfused,
nd all indices are normal, one may elect to forego a
ormal arteriogram if there are frequent neurovascular
hecks to the lower extremity. Despite the historical
reference to obtain an arteriogram in the presence of
knee dislocation as a screening tool, it has been

hown that arteriography following significant blunt
rauma to the lower extremity with a normal vascular
xamination has a low yield rate for detecting surgical
ascular lesions.12,37,38 Popliteal vein injury is also
ossible. When the clinical picture warrants, a
enogram may be useful.

bsolute Surgical Indications

A state of irreducibility and vascular injury war-
ants immediate surgical intervention. Four-com-
artment fasciotomy of the limb is considered when
schemia time is greater than 2.5 hours. The inabil-
ty to maintain reduction also mandates external
keletal fixation or early ligamentous reconstruction
o stabilize the knee to avoid potential recurrent
ascular compromise. Open dislocations and open
racture-dislocations require immediate surgical de-
ridement to decontaminate the wound. An external
xator may be a reasonable option in the case of an
pen dislocation with a large soft-tissue defect, or
n open fracture dislocation. In this circumstance,
ccess to soft tissue would be maintained for sur-
ical debridement.

DEFINITIVE SURGICAL MANAGEMENT

istorical Management

Knee dislocations were initially managed conserva-

ively with a cylinder cast for several months.39,40 b
arly reports by Kennedy16 and Meyers and Harvey18

eported reasonable outcomes for nonoperatively
reated knee dislocations. However, there was the
uggestion that a surgically stabilized dislocated knee
ould fare better in the long term. A recent report by
lmekinders and Logan24 compared surgically stabi-

ized knees with conservative treatment and concluded
hat conservative treatment was comparable to surgi-
al treatment. Despite similar outcomes, the conser-
atively treated knees were grossly unstable compared
ith surgically stabilized knees. Their study was ret-

ospective from 1963 to 1988 and the typical surgical
reatment during this period was in most cases open
irect repair of the ligaments. Sisto and Warren21

ound similar results comparing 4 conservatively
reated knees with 16 direct suture repairs of torn
igaments. Frassica et al.13 also evaluated early (within

days of injury) direct repair (with or without aug-
entation) of torn ligamentous structures in 13 of 17

atients. They concluded that better results where
btained with early versus later direct repair of torn
igaments. This study supports surgical treatment of
he dislocated knee, and introduces the concept of
enefit from a ligamentously stable knee.
Within the last decade, the technique of arthroscopi-

ally assisted ACL/PCL reconstruction has become
opular. Several advancements have made these tech-
iques possible: (1) better procurement, sterilization,
nd storage of allograft tissue, (2) improved arthro-
copic surgical instrumentation, (3) better graft fixa-
ion methods, (4) improved surgical technique, and (5)
mproved understanding of the ligamentous anatomy
nd biomechanics of the knee. Few reports of com-
ined ACL/PCL reconstruction are available in the
iterature, but surgical reconstruction appears to afford
t least the same results, if not better, than direct repair
f the ligaments. Shapiro and Freedman25 recon-
tructed 7 ACL/PCL injuries with primarily allograft
chilles tendon or bone–patellar tendon–bone. They

ound that 3 patients had excellent results, 3 good
esults, and 1 fair result. Furthermore, the average
T-1000 was �3.3 mm side-to-side difference, with
ery little varus/valgus instability or significant pos-
erior drawer. All 7 of their patients were able to return
o school or the workplace.

Fanelli et al.6 reported on 20 ACL/PCL arthroscopi-
ally assisted ligament reconstructions. In their study
roup, there was 1 ACL/PCL tear, 10 ACL/PCL/
osterior lateral corner tears, 7 ACL/PCL/MCL tears,
nd 2 ACL/PCL/MCL/posterior lateral corner tears.
chilles tendon allografts and bone–patellar tendon–

one autografts were used in PCL reconstructions, and



a
w
p
t
s
i
r
t

a
S
w
t
r
r
p
d
d
r
a

c
o
y
t
t
i
i
t
m
t
i
h
p
s
w

F

t
i
k
a
j
i
i
i

j
i
l

n
s

S

r
o
s
c
P
M
r
M
t
a

d
l
3
t
p

m
l
d
t
h
d
j
r

s
p
o
t
t
s
s
p
e
p
v
s
b

G

fi
d
U

477THE MULTIPLE-LIGAMENT INJURED KNEE
utograft and allograft bone–patellar tendon–bone
as used in ACL reconstruction. An additional com-
onent, not previously mentioned with any consis-
ency in the literature, was the addressing of the as-
ociated MCL or posterior lateral corner injury. It is
mperative to address these injuries as well, or the
esults of ACL/PCL reconstruction alone will be less
han optimal.

Postoperatively, significant improvement was found
ccording to the Lysholm, Tegner, and Hospital for
pecial Surgery (HSS) knee ligament rating scales, as
ell as the KT-1000 arthrometer. Overall postopera-

ively, 75% of patients had a normal Lachman test
esult, 85% no longer displayed a pivot-shift, 45%
estored a normal posterior drawer test, and 55% dis-
layed grade I posterior laxity. All 20 knees were
eemed functionally stable and all patients returned to
esired levels of activity. The authors concluded that
esults of reconstruction are reproducible and that
ppropriate reconstruction will produce a stable knee.

Noyes and Barber-Westin41 evaluated surgically re-
onstructed ACL/PCL tears (all had additional MCL
r LCL/PCL reconstruction) at an average of 4.8
ears. Seven of these knees were acute knee disloca-
ions and 4 were chronically unstable knees secondary
o knee dislocations. At follow-up, 5 of the 7 acutely
njured knees had returned to preinjury level of activ-
ty. Three of the 4 chronic knee injuries were asymp-
omatic with activities of daily living. Arthrometric
easurements at 20° showed less than 3 mm of side-

o-side difference with anterior to posterior translation
n 10 of the 11 knees; at 70°, there were 9 knees that
ad less than 3 mm side-to-side difference in antero-
osterior translation. These authors concluded that
imultaneous bicruciate ligament reconstruction is
arranted to restore function to the knee.

anelli Sports Injury Clinic Experience

Our practice is located in a tertiary-care regional
rauma center. There is a 38% incidence of PCL tears
n acute knee injuries, with 45% of these PCL injured
nees being combined ACL/PCL tears.42,43 Careful
ssessment, evaluation, and treatment of vascular in-
uries is essential in these acute multiple-ligament
njured knees. There is an 11% incidence of vascular
njury associated with these acute multiple-ligament
njured knees at our center.

Our preferred approach to combined ACL/PCL in-
uries is an arthroscopic ACL/PCL reconstruction us-
ng the transtibial technique, with collateral/capsular

igament surgery as indicated. Not all cases are ame- p
able to the arthroscopic approach and the operating
urgeon must assess each case individually.

urgical Timing

Surgical timing is dependent on vascular status,
eduction stability, skin condition, systemic injuries,
pen versus closed knee injury, meniscus and articular
urface injuries, other orthopaedic injuries, and the
ollateral/capsular ligaments involved. Certain ACL/
CL/MCL injuries can be treated with bracing of the
CL followed by arthroscopic combined ACL/PCL

econstruction in 4 to 6 weeks after healing of the
CL. Other cases may require repair or reconstruc-

ion of the medial structures and must be assessed on
n individual basis.

Combined ACL/PCL/posterolateral injuries are ad-
ressed as early as safely possible. ACL/PCL/postero-
ateral repair-reconstruction performed between 2 and
weeks after injury allows sealing of capsular tissues

o permit an arthroscopic approach, and still permits
rimary repair of injured posterolateral structures.
Open multiple-ligament knee injuries/dislocations
ay require staged procedures. The collateral/capsu-

ar structures are repaired after thorough irrigation and
ebridement, and the combined ACL/PCL reconstruc-
ion is performed at a later date after wound healing
as occurred. Care must be taken in all cases of
elayed reconstruction to confirm that the tibiofemoral
oint is reduced by serial anteroposterior and lateral
adiographs.

The surgical timing guidelines outlined above
hould be considered in the context of the individual
atient. Many patients with multiple-ligament injuries
f the knee are severely injured multiple-trauma pa-
ients with multisystem injuries. Modifiers to the ideal
iming protocols outlined earlier include the vascular
tatus of the involved extremity, reduction stability,
kin condition, open or closed injury, and other ortho-
aedic and systemic injuries. These additional consid-
rations may cause the knee ligament surgery to be
erformed earlier or later than desired. We have pre-
iously reported excellent results with delayed recon-
truction in the multiple-ligament injured knee6,7 (Ta-
le 1).

raft Selection

The ideal graft material is strong, provides secure
xation, is easy to pass, readily available, and has low
onor-site morbidity. The available options in the
nited States are autograft and allograft sources. Our

referred graft for the PCL is the Achilles tendon
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llograft because of its large cross-sectional area and
trength, absence of donor-site morbidity, and easy
assage with secure fixation. We prefer Achilles ten-
on allograft or bone–patellar tendon–bone allograft
or ACL reconstruction. The preferred graft material
or the posterolateral corner is a split biceps tendon
ransfer, or free autograft (semitendinosus) or allograft
issue when the biceps tendon is not available.44 Cases
equiring MCL and posteromedial corner surgery may
ave primary repair, reconstruction, or a combination
f both. Our preferred method for MCL and postero-
edial reconstructions is a posteromedial capsular

hift with autograft or allograft supplementation as
eeded.

urgical Approach

Our surgical approach is a single-stage arthroscopic
ombined ACL/PCL reconstruction using the trans-
ibial technique with collateral/capsular ligament sur-
ery as indicated. The posterolateral corner is repaired
nd then augmented with a split biceps tendon trans-
er, biceps tendon transfer, semitendinosus free graft,
r allograft tissue. Acute medial injuries not amenable
o brace treatment undergo primary repair, and pos-
eromedial capsular shift, and/or allograft reconstruc-
ion as indicated. The operating surgeon must be pre-
ared to convert to a dry arthroscopic procedure or an
pen procedure if fluid extravasation becomes a prob-

TABLE 1. Surgical Timing Algorithm for Acute ACL/
PCL Injuries

ACL/PCL lateral-side injuries
Surgery within 2-3 weeks after injury
Arthroscopic ACL/PCL reconstruction plus lateral

side reconstruction (type A and B PLRI)
Lateral-posterolateral augmented primary repair
Stage type C lateral-side injuries

Lateral-posterolateral augmented primary repair
(within first 10 days)

Arthroscopic ACL/PCL reconstruction (4–6
weeks later)

ACL/PCL medial-side injuries
Surgical timing depends on degree of medial-side

damage
Low-grade MCL injury: brace treatment 4–6

weeks followed by arthroscopic ACL-PCL
reconstruction

High-grade MCL injury
MCL augmented primary repair (within first 10

days)
Arthroscopic ACL/PCL reconstruction (4–6

weeks later)
em.
s
a

urgical Technique

The principles of reconstruction in the multiple-
igament injured knee are to identify and treat all
athology, accurately place tunnels, create anatomic
raft insertion sites, utilize strong graft material, pro-
ide secure graft fixation, and provide the appropriate
ostoperative rehabilitation program. The patient is
ositioned supine on the operating room table. The
urgical leg hangs over the side of the operating table
nd the well leg is supported by the fully extended
perating table. A lateral post is used for control of the
urgical leg. A leg holder is not used. The surgery is
one under tourniquet control unless previous arterial
r venous repair contraindicates the use of a tourni-
uet. Fluid inflow is by gravity; we do not use an
rthroscopic fluid pump.

Allograft tissue is prepared before bringing the pa-
ient into the operating room. Arthroscopic instru-
ents are placed with the inflow in the superior lateral

ortal, the arthroscope in the inferior lateral patellar
ortal, and instruments in the inferior medial patellar
ortal. An accessory extracapsular extra-articular pos-
eromedial safety incision is used to protect the neu-
ovascular structures, and to confirm the accuracy of
ibial tunnel placement (Fig 1).

The notchplasty is performed first and consists of
CL and PCL stump debridement, bone removal, and

ontouring of the medial wall of the lateral femoral
ondyle and the intercondylar roof. This allows visu-
lization of the over-the-top position and prevents
CL graft impingement throughout the full range of
otion. Specially curved PCL instruments are used to

IGURE 1. A 1- to 2-cm extra capsular posterior medial safety
ncision allows the surgeon’s finger to protect the neurovascular

tructures and confirm the position of instruments on the posterior
spect of the proximal tibia. (Reprinted with permission.8)
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479THE MULTIPLE-LIGAMENT INJURED KNEE
levate the capsule from the posterior aspect of the
ibia (Fig 2; Arthrotek, Warsaw, IN).

The PCL tibial and femoral tunnels are created with
he help of the PCL/ACL drill guide (Fig 3, Ar-
hrotek). The transtibial PCL tunnel courses from the
nteromedial aspect of the proximal tibial one cm
elow the tibial tubercle to exit in the inferior lateral
spect of the PCL anatomic insertion site. The PCL
emoral tunnel originates externally between the me-
ial femoral epicondyle and the medial femoral con-
ylar articular surface to emerge through the center of
he stump of the anterolateral bundle of the posterior
ruciate ligament. The PCL graft is positioned and
nchored on the femoral or tibial side, and left free on
he opposite side.

The ACL tunnels are created using the single-inci-
ion technique. The tibial tunnel begins externally at a
oint 1 cm proximal to the tibial tubercle on the
nteromedial surface of the proximal tibia to emerge
hrough the center of the stump of the ACL tibial
ootprint. The femoral tunnel is positioned next to the
ver-the-top position on the medial wall of the lateral
emoral condyle near the ACL anatomic insertion site.
he tunnel is created to leave a 1- to 2-mm posterior
ortical wall so interference fixation can be used. The
CL graft is positioned and anchored on the femoral

ide, with the tibial side left free (Fig 4). Attention is
hen turned to the posterior lateral corner.

One surgical technique for posterolateral recon-
truction is the split biceps tendon transfer to the

IGURE 2. Specially curved PCL reconstruction instruments used
o elevate the capsule from the posterior aspect of the tibial ridge
uring PCL reconstruction. Posterior capsular elevation is critical
n transtibial PCL reconstruction because it facilitates accurate
CL tibial tunnel placement, and subsequent graft passage. (Cour-

esy of Arthrotek, Inc, Warsaw, IN.)
ateral femoral epicondyle. The requirements for this
g
i

rocedure include an intact proximal tibiofibular
oint—the posterolateral capsular attachments to the
ommon biceps tendon should be intact, and the bi-
eps femoris tendon insertion into the fibular head
ust be intact. This technique creates a new poplit-

ofibular ligament and LCL, tightens the posterolat-
ral capsule, and provides a post of strong autogenous
issue to reinforce the posterolateral corner.

A lateral hockey-stick incision is made. The pero-
eal nerve is dissected free and protected throughout
he procedure. The long head and common biceps
emoris tendon is isolated, and the anterior two thirds
s separated from the short head muscle. The tendon is
etached proximal and left attached distally to its
natomic insertion site on the fibular head. The strip of
iceps tendon should be 12 to 14 cm long. The ili-
tibial band is incised in line with its fibers and the
bular collateral ligament and popliteus tendons are
xposed. A drill hole is made 1 cm anterior to the
bular collateral ligament femoral insertion. A longi-

IGURE 3. The Fanelli PCL/ACL drill guide system is used to
recisely create both the PCL femoral and tibial tunnels, and the
CL single-incision technique and double-incision technique tun-
els. The drill guide is positioned for the PCL tibial tunnel so that
guidewire enters the anteromedial aspect of the proximal tibia

pproximately 1 cm below the tibial tubercle, at a point midway
etween the posteromedial border of the tibia, and the tibial crest
nteriorly. The guidewire exits in the inferior lateral aspect of the
CL tibial anatomic insertion site. The guide is positioned for the
CL femoral tunnel so the guidewire enters the medial aspect of

he medial femoral condyle midway between the medial femoral
ondyle articular margin and the medial epicondyle, 2 cm proximal
o the medial femoral condyle distal articular surface (joint line).
he guidewire exits through the center of the stump of the antero-

ateral bundle of the PCL. The drill guide is positioned for the
ingle-incision endoscopic ACL technique so that the guidewire
nters the anteromedial surface of the proximal tibia approximately
cm proximal to the tibial tubercle at a point midway between the

osteromedial border of the tibia and the tibial crest anteriorly. The

uidewire exits through the center of the stump of the tibial ACL
nsertion. (Courtesy of Arthrotek, Inc, Warsaw, IN.)



t
p
b
a
w
m
s
b
e
s
t
d
h
i

u
a
a
t
l
G
i
p
a
f
e
c
d
h
l
o
t
c
c
i
c
T
b
r
a
t
s
t
a
m
t
t
e
(

f
i

F
f
s
a
t
A
P
a
t
o
s
don allograft is preferred because of its large cross-sectional area,
strength, and absence of donor-site morbidity.
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udinal incision is made in the lateral capsule just
osterior to the fibular collateral ligament. The split
iceps tendon is passed medial to the iliotibial band
nd secured to the lateral femoral epicondylar region
ith a screw and spiked ligament washer at the afore-
entioned point. The residual tail of the transferred

plit biceps tendon is passed medial to the iliotibial
and and secured to the fibular head. The posterolat-
ral capsule that had been previously incised is then
hifted and sewn into the strut of transferred biceps
endon to eliminate posterolateral capsular redun-
ancy. In cases where the proximal tibiofibular joint
as been disrupted, a 2-tailed allograft reconstruction
s used to control the tibia and fibula independently.

Posterolateral reconstruction with the free graft fig-
re-of-8 technique uses semitendinosus autograft or
llograft, Achilles tendon allograft, or other soft-tissue
llograft material. A curvilinear incision is made in
he lateral aspect of the knee, extending from the
ateral femoral epicondyle to the interval between
erdy’s tubercle and the fibular head. The fibular head

s exposed and a tunnel is created in an anterior to
osterior direction at the area of maximal fibular di-
meter. The tunnel is created by passing a guide pin
ollowed by a cannulated drill, usually 7 mm in diam-
ter. The peroneal nerve is protected during tunnel
reation and throughout the procedure. The free ten-
on graft is then passed through the fibular head drill
ole. An incision is then made in the iliotibial band in
ine with the fibers directly overlying the lateral fem-
ral epicondyle. The graft material is passed medial to
he iliotibial band and the limbs of the graft are
rossed to form a figure-of-8. A drill hole is made 1
m anterior to the fibular collateral ligament femoral
nsertion. A longitudinal incision is made in the lateral
apsule just posterior to the fibular collateral ligament.
he graft material is passed medial to the iliotibial
and, and secured to the lateral femoral epicondylar
egion with a screw and spiked ligament washer at the
bove-mentioned point. The posterolateral capsule
hat had been previously incised is then shifted and
ewn into the strut of figure-of-8 graft tissue material
o eliminate posterolateral capsular redundancy. The
nterior and posterior limbs of the figure-of-8 graft
aterial are sewn to each other to reinforce and

ighten the construct. The iliotibial band incision is
hen closed. The procedures described are intended to
liminate posterolateral and varus rotational instability
Fig 5).

Posteromedial and medial reconstructions are per-
ormed through a medial hockey-stick incision. Care
IGURE 4. (A) Anatomic drawing of the ACL and PCL tibial and
emoral tunnel positions in combined ACL/PCL reconstruction
urgery. It is important to be aware of the 2 tibial tunnel directions,
nd to have a 1-cm bone bridge between the PCL and ACL tibial
unnels. This will reduce the possibility of fracture. (Courtesy of
rthrotek, Inc, Warsaw, IN.) (B) Combined arthroscopic ACL/
CL reconstruction using Achilles tendon allograft. The tunnels
re precisely created to reproduce the anatomic insertion sites of
he anterolateral bundle of the PCL and the anatomic insertion sites
f the ACL. Correct and accurate tunnel placement is essential for
uccessful combined ACL/PCL reconstructions. The Achilles ten-
s taken to maintain adequate skin bridges between
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481THE MULTIPLE-LIGAMENT INJURED KNEE
ncisions. The superficial MCL is exposed and a lon-
itudinal incision is made just posterior to the poste-
ior border of the MCL. Care is taken not to damage
he medial meniscus during the capsular incision. The
nterval between the posteromedial capsule and me-
ial meniscus is developed. The posteromedial cap-

IGURE 5. Surgical technique for posterolateral and lateral recon-
truction are the (A) split biceps tendon transfer or (B) the allograft
r autograft figure-of-8 reconstruction combined with posterolat-
ral capsular shift, and primary repair of injured structures as
ndicated. These complex surgical procedures reproduce the func-
ion of the popliteofibular ligament and the LCL, and eliminate
osterolateral capsular redundancy. The split biceps tendon trans-
er uses anatomic insertion sites and preserves the dynamic func-
ion of the long head and common biceps femoris tendon.
ule is shifted anterosuperiorly. The medial meniscus
t
i

s repaired to the new capsular position and the shifted
apsule is sewn into the MCL. When superficial MCL
econstruction is indicated, it is performed using allo-
raft tissue or semitendinosus autograft. This graft
aterial is attached at the anatomic insertion sites of

he superficial MCL on the femur and tibia. The
osteromedial capsular advancement is performed and
ewn into the newly reconstructed MCL (Fig 6).

raft Tensioning and Fixation

The PCL is reconstructed first followed by the
CL, followed by the posterolateral complex and
edial ligament complex. Tension is placed on the
CL graft distally using the Arthrotek knee ligament

ensioning device with the tension set for 20 lb (Fig 7).
his restores the anatomic tibial step-off. The knee is
ycled through a full range of motion 25 times to
llow pretensioning and settling of the graft. The knee
s placed in 70° of flexion, and fixation is achieved on
he tibial side of the PCL graft with a screw and spiked
igament washer and bioabsorbable interference
crew. The knee is then placed in 30° of flexion, the
ibial internally rotated, slight valgus force applied to
he knee, and final tensioning and fixation of the
osterolateral corner is achieved. The Arthrotek knee
igament tensioning device is applied to the ACL

IGURE 6. Severe medial-side injuries are successfully treated
ith primary repair using suture anchor technique combined with
CL reconstruction using allograft tissue combined with postero-
edial capsular shift procedure. The Achilles tendon allograft’s

road anatomy can anatomically reconstruct the superficial MCL.
he Achilles tendon allograft is secured to the anatomic insertion
ites of the superficial MCL using screws and spiked ligament
ashers. The posteromedial capsule can then be secured to the

llograft tissue to eliminate posteromedial capsular laxity. This

echnique will address all components of the medial-side instabil-
ty.



g
fl
w
l
A
t
t
M
o
r
a
t

T

r
p
o
A
c
t
t

2
b
w
i
fi
b
l
s

r
l
fl
e
l

P

n
c
b
c
m
t
l
a

C

l
t
r
t
r
p
r
o

m
i
r
P
a
w
o
p
l
t

F
i
r
t
t
fl
P
f
f
g
o
s
fi
t
s
P
A

482 G. C. FANELLI ET AL.
raft, and set to 20 lb. The knee is placed in 70° of
exion, and final fixation is achieved of the ACL graft
ith a bioabsorbable interference screw and spiked

igament washer back-up fixation. Tensioning the
CL graft at 70° of knee flexion enabled us to main-

ain the neutral position of the knee by monitoring the
ibial step-off at the time of final graft fixation. The

CL reconstruction is tensioned with the knee in 30°
f flexion with the leg in a figure-of-4 position. Full
ange of motion is confirmed on the operating table to
ssure the knee is not “captured” by the reconstruc-
ion.

echnical Hints

The posteromedial safety incision protects the neu-
ovascular structures, confirms accurate tibial tunnel
lacement, and allows more expeditious completion
f the surgical procedure (Fig 1). The single-incision
CL reconstruction technique prevents lateral cortex

rowding and eliminates multiple through-and-
hrough drill holes in the distal femur, which reduces

IGURE 7. The mechanical graft knee ligament tensioning device
s used to precisely tension PCL and ACL grafts. During PCL
econstruction, the tensioning device is attached to the tibial end of
he graft and the torque wrench ratchet is set to 20 lb. This restores
he anatomic tibial step-off. The knee is cycled through 25 full
exion-extension cycles, and with the knee at 0° of flexion, final
CL tibial fixation is achieved with a Lactosorb resorbable inter-
erence screw (Arthrotek), and screw and spiked ligament washer
or back-up fixation. The tensioning device is applied to the ACL
raft, set to 20 lb, and the graft is tensioned with the knee in 70°
f flexion. Final ACL fixation is achieved with Lactosorb bioab-
orbable interference screws, and spiked ligament washer back-up
xation. The mechanical tensioning device assures consistent graft

ensioning and eliminates graft advancement during interference
crew insertion. It also restores the anatomic tibial step-off during
CL graft tensioning, and applies a posterior drawer force during
CL graft tensioning. (Courtesy of Arthrotek, Inc, Warsaw, IN.)
he stress riser effect. It is important to be aware of the s
tibial tunnel directions, and to have a 1-cm bone
ridge between the PCL and ACL tibial tunnels. This
ill reduce the possibility of fracture. We have found

t useful to use primary and back-up fixation. Primary
xation is with resorbable interference screws, and
ack-up fixation is achieved with a screw and spiked
igament washer. Secure fixation is critical to the
uccess of this surgical procedure (Fig 8).10

The order of tensioning is the PCL first, the poste-
ior lateral corner second, the ACL third, and the MCL
ast. Restoration of the normal tibial step-off at 70° of
exion has provided the most reproducible method of
stablishing the neutral point of the tibia-femoral re-
ationship in our experience.

ostoperative Rehabilitation

The knee is maintained in full extension for 3 weeks
on–weight bearing. Progressive range of motion oc-
urs during weeks 4 through 6. Progressive weight
earing occurs at the end of 6 weeks. Progressive
losed-chain kinetic strength training and continued
otion exercises are performed. The brace is discon-

inued after the tenth week. Return to sports and heavy
abor occurs after 9 months when sufficient strength
nd range of motion has returned.

omplications

Potential complications in treatment of the multiple-
igament injured knee include failure to recognize and
reat vascular injuries (both arterial and venous), iat-
ogenic neurovascular injury at the time of reconstruc-
ion, iatrogenic tibial plateau fractures at the time of
econstruction, failure to recognize and treat all com-
onents of the instability, postoperative medial femo-
al condyle osteonecrosis, knee motion loss, and post-
perative anterior knee pain.

PUBLISHED RESULTS

Recent published reports on the results of the treat-
ent of the the multiple-injured knee provide insight

nto this complex problem. Wang et al.45 reviewed the
esults of 25 combined arthroscopic single-bundle
CL and posterolateral complex reconstructions. The
verage time from injury to surgery was 10 months
ith an average follow-up of 40 months. Restoration
f ligamentous stability was obtained in only 44% of
atients, with 20% having 5 to 10 mm of residual
axity; 44% of the knees had degenerative changes at
he time of surgery. Their study recommended early

urgical repair of the multiple-injured knee.
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483THE MULTIPLE-LIGAMENT INJURED KNEE
Ohkoshi et al.46 studied a 2-stage reconstruction
echnique with autograft tissue for knee dislocations.
heir study group consisted of 9 knees undergoing a
-stage reconstruction with autograft tissue. Stage 1
onsisted of PCL reconstruction using semitendinosus
nd gracilis hamstring autografts from the contralat-
ral knee 2 weeks after injury. Stage 2 consisted of
CL reconstruction with or without MCL and/or pos-

erolateral reconstruction 3 months after injury. The
CL reconstruction was performed using ipsilateral
amstring or bone–patellar tendon–bone autograft re-
nforced by an artificial ligament. MCL reconstruction
as performed with autogenous semitendinosus plus

rtificial ligament reinforcement. Posterolateral recon-
truction was performed with biceps tendon transfer.
ll knees in their study had negative Lachman test

esults, 66% had a negative posterior drawer test, and
4% had a grade 1 posterior drawer. All knees were
table to varus and valgus stress. KT-1000 arthrometer
ide-to-side difference values were reported to be 2.3
m � 1.9 mm, and passive range of motion of the

urgical knee being 0° to 139°.
Mariani et al.47 have recently reported their results

f 1-stage arthroscopically assisted ACL and PCL
econstruction. Their study group consisted of 15
nees. The ACL reconstructions were performed us-
ng hamstring autografts and the PCL reconstruction
sing bone–patellar tendon-–bone autografts.
T-2000 arthrometer side-to-side difference measure-
ents were 5.8 � 1.1 mm. Preoperative and postop-

rative HSS knee ligament rating scale scores were 32
nd 89 points, respectively. Preoperative and postop-
rative Lysholm knee ligament rating scale scores
ere 65 and 95 points, respectively.
Richter et al.48 compared surgical and nonsurgical

reatment in patients with traumatic knee dislocations.
heir study group consisted of 89 patients; 63 patients
nderwent surgical repair and/or reconstruction within
weeks of injury and 26 patients had nonsurgical

reatment. The average follow-up was 8.2 years. Ly-
holm knee ligament rating scale scores were 78.3 for
he surgical group, and 64.8 for the nonsurgical
roup—a statistically significant difference. Tegner
nee ligament rating scale scores were 4.0 for the
urgical group and 2.7 for the nonsurgical group—a

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
FIGURE 8. Anteroposterior and lateral radiographs after combined
ACL/PCL reconstruction. Note the position of tibial tunnel on the
lateral radiograph. The tibial tunnel guidewire exits at the apex of

the tibial ridge posteriorly, which places the graft at the anatomic
tibial insertion site after the tibial tunnel is drilled.
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484 G. C. FANELLI ET AL.
tatistically significant difference. These authors rec-
mmended early surgical treatment of traumatic knee
islocations.
Harner et al.49 have reported excellent objective and

unctional results after surgical reconstruction of the
ultiple-ligament injured knee. Nearly all of their

atients were able to return to normal activities of
aily living; however, the ability of their patients to
eturn to high-demand sports and strenuous manual
abor was less predictable.

anelli Sports Injury Clinic Results

We have previously published the results of our
rthroscopically assisted combined ACL/PCL and
CL/posterolateral complex reconstructions using the
econstructive technique described in this article.6-8

ur results of combined ACL/PCL reconstructions
ere presented in 2002.50 This study presented the 2-

o 10-year (24 to 120 month) results of 35 arthroscopi-
ally assisted combined ACL/PCL reconstructions
valuated preoperatively and postoperatively using the
ysholm, Tegner, and HSS knee ligament rating
cales, KT-1000 arthrometer testing, stress radiogra-
hy, and physical examination.
The study population included 26 male and 9 fe-
ale patients with 19 acute and and 16 chronic knee

njuries. Ligament injuries included 19 ACL/PCL/
osterolateral instabilities, 9 ACL/PCL/MCL instabil-
ties, 6 ACL/PCL/posterolateral/MCL instabilities,
nd 1 ACL/PCL instability. All knees had grade III
reoperative ACL/PCL laxity, and were assessed pre-
peratively and postoperatively with arthrometer test-
ng, 3 different knee ligament rating scales, stress
adiography, and physical examination. Arthroscopi-
ally assisted combined ACL/PCL reconstructions
ere performed using the single-incision endoscopic
CL technique, and the single femoral tunnel–single
undle transtibial tunnel PCL technique. PCLs were
econstructed with allograft Achilles tendon (26), au-
ograft BTB (7), and autograft semitendinosus/gracilis
2). ACLs were reconstructed with autograft BTB
16), allograft BTB (12), Achilles tendon allograft (6),
nd autograft semitendinosus/gracilis (1). MCL inju-
ies were treated with bracing or open reconstruction.
osterolateral instability was treated with biceps fem-
ris tendon transfer, with or without primary repair,
nd posterolateral capsular shift procedures as indicated.

Postoperative physical examination results revealed
ormal posterior drawer/tibial step-off in 16 of 35
nees (46%) and normal Lachman and pivot-shift tests

n 33 of 35 knees (94%). Posterolateral stability was p
estored to normal in 6 of 25 knees (24%), and tighter
han the normal knee in 19 of 25 knees (76%) evalu-
ted with the external rotation thigh-foot angle test:
0° varus stress testing was normal in 22 of 25 knees
88%), and showed grade 1 laxity in 3 of 25 knees
12%); 30° valgus stress testing was normal in 7 of 7
urgically treated MCL tears (100%), and normal in 7
f 8 of brace-treated knees (87.5%). Postoperative
T-1000 arthrometer testing mean side-to-side differ-

nce measurements were 2.7 mm (PCL screen), 2.6
m (corrected posterior), and 1.0 mm (corrected an-

erior) measurements, a statistically significant im-
rovement from preoperative status (P � .001). Post-
perative stress radiographic side-to-side difference
easurements measured at 90° of knee flexion and 32

b of posteriorly directed proximal force were 0 to 3
m in 11 of 21 knees (52.3%), 4 to 5 mm in 5 of 21

nees (23.8%), and 6 to 10 mm in 4 of 21 knees
19%). Postoperative Lysholm, Tegner, and HSS knee
igament rating scale mean values were 91.2, 5.3, and
6.8, respectively, which shows a statistically signif-
cant improvement from preoperative status (P �
001).

The conclusions drawn from the study were that
ombined ACL/PCL instabilities could be success-
ully treated with arthroscopic reconstruction and the
ppropriate collateral ligament surgery. Statistically
ignificant improvement was noted from the preoper-
tive condition at 2- to 10-year follow-up using ob-
ective parameters of knee ligament rating scales, ar-
hrometer testing, stress radiography, and physical
xamination. Postoperatively, these knees are not nor-
al, but they are functionally stable. Continuing tech-

ical improvements will most likely improve future
esults.

Another group of multiple-ligament reconstructions
hat warrant attention are our 2- to 10-year results of
ombined PCL-posterolateral reconstruction.51 This
tudy presented the 2- to 10-year (24 to 120 month)
esults of 41 chronic arthroscopically assisted com-
ined PCL/posterolateral reconstructions evaluated
reoperatively and postoperatively using Lysholm,
egner, and HSS knee ligament rating scales, KT-
000 arthrometer testing, stress radiography, and
hysical examination.
This study population included 31 male and 10

emale patients with 24 left and 17 right chronic
CL/posterolateral knee injuries and functional insta-
ility. The knees were assessed preoperatively and
ostoperatively with arthrometer testing, 3 different
nee ligament rating scales, stress radiography, and

hysical examination. PCL reconstructions were per-
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ormed using the arthroscopically assisted single fem-
ral tunnel–single bundle transtibial tunnel PCL re-
onstruction technique using fresh-frozen Achilles
endon allografts in all 41 cases. In all 41 cases,
osterolateral instability reconstruction was per-
ormed with combined biceps femoris tendon tenode-
is and posterolateral capsular shift procedures. The
aired t test and power analysis were the statistical
ests used; 95% confidence intervals were used
hroughout the analysis.

Postoperative physical examination revealed nor-
al posterior drawer/tibial step-off in 29 of 41 knees

70%). Posterolateral stability was restored to normal
n 11 of 41 knees (27%), and tighter than the normal
nee in 29 of 41 knees (71%) evaluated with the
xternal rotation thigh-foot angle test: 30° varus stress
esting was normal in 40 of 41 knees (97%), and grade

laxity was shown in 1 of 41 knees (3%). Postoper-
tive KT-1000 arthrometer testing mean side-to-side
ifference measurements were 1.80 mm (PCL screen),
.11 mm (corrected posterior), and 0.63 mm (cor-
ected anterior) measurements. This is a statistically
ignificant improvement from preoperative status for
he PCL screen and the corrected posterior measure-
ents (P � .001). The postoperative stress radio-

raphic mean side-to-side difference measurement
easured at 90° of knee flexion and 32 lb of posterior

irected force applied to the proximal tibia using the
elos device was 2.26 mm. This is a statistically
ignificant improvement from preoperative measure-
ents (P � .001). Postoperative Lysholm, Tegner,

nd HSS knee ligament rating scale mean values were
1.7, 4.92, and 88.7, respectively, showing a statisti-
ally significant improvement from preoperative sta-
us (P � .001).

Conclusions drawn from this study were that
hronic combined PCL/posterolateral instabilities
ould be successfully treated with arthroscopic PCL
econstruction using fresh-frozen Achilles tendon al-
ograft combined with posterolateral corner recon-
truction using biceps tendon transfer combined with
osterolateral capsular shift procedure. Statistically
ignificant improvement is noted (P � .001) from the
reoperative condition at 2- to 10-year follow-up us-
ng objective parameters of knee ligament rating
cales, arthrometer testing, stress radiography, and
hysical examination.

CONCLUSIONS AND SUMMARY

Multiple-ligament injuries of the knee are complex

njuries requiring a systematic approach to evaluation 1
nd treatment. Gentle reduction and documentation
nd treatment of vascular injuries are primary con-
erns in the acute dislocated/multiple-ligament injured
nee. Arthroscopically assisted combined ACL/PCL
econstruction with appropriate collateral ligament
urgery is a reproducible procedure. Knee stability is
mproved postoperatively when evaluated with knee
igament rating scales, arthrometer testing, and stress
adiographic analysis. Acute MCL tears when com-
ined with ACL/PCL tears may in certain cases be
reated with bracing. Posterolateral corner injuries
ombined with ACL/PCL tears are best treated with
rimary repair as indicated, combined with recon-
truction using a post of strong autograft (split biceps
endon, biceps tendon, semitendinosus) or allograft
issue. Surgical timing depends on the ligaments in-
ured, the vascular status of the extremity, reduction
tability, and the overall health of the patient. We
refer the use of allograft tissue for reconstruction in
hese cases because of the strength of these large
rafts, and the absence of donor-site morbidity.
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