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ABSTRACT

Non-operative and operative complications are
common following multiple ligament knee
injuries. This article will describe common com-
plications seen by the surgeon and physical thera-
pist following this complex injury. Complications
include fractures, infections, vascular and neuro-
logic complications following injury and surgery,
compartment syndrome, complex regional pain
syndrome, deep venous thrombosis, loss of
motion and persistent laxity issues. A brief
description of these complications and methods
for evaluation and treatment will be described.
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INTRODUCTION

Multiple ligament knee injuries (MLKI) are
usually the result of knee dislocations fol-
lowing either high energy motor vehicle
accidents or low velocity sport injuries.’
Significant morbidity is associated with knee
dislocation including multiple ligament dis-
ruption and neurovascular damage. The
treatment of the MLKI can be very involved.
Therefore, the possibility of complications is
extremely high. Complication rates are
much higher than with standard single-liga-
ment knee injuries. In this article, complica-
tions are divided into non-operative and
operative and are discussed separately.

NON-OPERATIVE COMPLICATIONS-
OPEN DISLOCATIONS

Open dislocations of the knee represent
approximately 20-30% of all dislocations.
These injuries are serious and are due to
high energy trauma, often accompanied by
vascular and neurologic injury.”* Usually,
significant soft tissue injury occurs that must
be addressed before any reconstructive pro-
cedure is initiated. These other injuries are
what ultimately determine the success of
any reconstructive effort. Significant risk
exists for infection and a higher incidence of
above knee amputation in this group.*
Often, the definitive surgical procedure is
delayed to allow for eradication of infection
and soft tissue healing. Due to the severity
of this injury functional expectations follow-
ing salvage of the limb need to be guarded 10.47, 2000
and realistic goals set.

Associated Fractures

Fracture dislocations are believed to occur in 10-20% of all
knee dislocations.” Most commonly, the fractures include
avulsion fractures of the fibular head, tibial spine fractures,
and Segund’s fractures which is an avulsion fracture of the
lateral tibial condyle. Although these are technically frac-
tures, they represent ligament avulsions and are treated by
repairing/reconstructing the appropriate ligament.
However, tibial plateau fractures are more serious and can
compromise the overall success of any surgical procedure.
Moore® classified five types of plateau fractures associated
with dislocations. The higher the type, the more serious
the fracture. Plateau fractures add an additional dimen-

Figure 1. Arteriogram demon-
strating complete disruption of
the popliteal artery at the knee
joint, with minimal distal per-
ﬁASiOH. (Reprinted with permission from
Wascher DC: High-velocity knee dislocation
with vascular injury: Treatment principles.
Clin Sports Med. 19:470, 2000)

Figure 2. Arteriogram demon-
strating intimal flap tear of the
popliteal artery. (Reprinted with per-
mission from Wascher DC: High-velocity
knee dislocation with vascular injury:

Treatment principles. Clin Sports Med.

sion to the surgical planning as stable frac-
ture fixation must be achieved along with
addressing the ligamentous instability. Due
to the fact that plateau fractures involve the
articular surface, a greater risk of developing
post traumatic osteoarthritis exists and,
therefore, the overall functional outcome,
because of pain and stiffness, may be com-
promised.

Vascular Injury

Popliteal vessels have limited mobility and
can be injured during knee dislocations.
Vascular injury is associated with knee dislo-
cation in 30% to 35% of cases (Figure 1 and
2).7*  Popliteal vessels can be injured by
stretching in anterior dislocations and by
direct trauma during posterior dislocations.
Injury can be limited to intimal flap (one in
which the inner lining, the intima, of the
blood vessel is torn while the remaining lay-
ers remain intact), or complete vessel rup-
ture (Figure 3 and 4).*" The vascular status of
a grossly unstable knee should be evaluated
immediately by palpation of dorsalis pedis
and posterior tibial pulses. Collateral circula-
tion is inadequate to provide distal flow in
case of injury to popliteal artery. Absence of
pulse mandates an arteriogram to assess vas-
cular integrity.

Neurologic Injuries

Tibial and, more commonly, peroneal nerves
can be injured during a knee dislocation.
Peroneal nerve injury is reported to occur in
14% to 35% of knee dislocations, especially
posterolateral dislocations.® Traction of the peroneal nerve
is the most common mechanism of injury.** The severi-
ty of the nerve injury can vary from neuroapraxia to com-
plete disruption. Prognosis varies but is generally poor
with no recovery in more that 50% of cases.”* Peroneal
nerve injury clinically manifests as foot drop which may
be treated with an ankle-foot orthoses (AFO). Ischemia,
induced by vascular injury or compartment syndrome,
could also cause neurologic injury.

OPERATIVE COMPLICATIONS
Operative complications of multiple ligamentous recon-
struction includes morbidity associated with iatrogenic
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vascular and nerve injury, anesthesia, com-
partment syndrome, tourniquet and wound
complications, deep venous thrombosis, and
failure of the repair.

Iatrogenic Vascular Injury

Previous vascular repair could be compro-
mised or disrupted by direct trauma during
surgical reconstruction of the ligaments.”
Intimal flaps undiagnosed by angiography
could also occlude during surgery and com-
promise the extremity circulation (Figure 5).
Pre-operative, intra-operative, and post-opera-
tive vascular evaluation is important with or
without vascular repair. Avoidance of using a
tourniquet is recommended after vascular
repair. If a tourniquet is used, application
should be distant from the vascular repair and
the time should be minimumized.”

Iatrogenic Nerve Injury

Nerve injury during multiple ligament
reconstruction usually is incisional and
involves sensory branches. The infrapatellar
and sartorial branches of the saphenous
nerve on the medial side of the knee are the
most affected nerves.” Hypersensitivity and
dysthesias are the most common complaints.
Complex regional pain syndrome discussed
later in this article could also be caused by
cutaneous mnerve injury.” The peroneal
nerve, which lies close to the fibular head
could be injured during lateral exposures.®

Compartment Syndrome

Compartment syndrome can occur after
arthroscopic knee surgery due to extravasa-
tion of arthroscopic fluid.” Patients with
MLKI after dislocations have capsular and
fascial defects. Extravasation is a leakage of
arthroscopic fluid between fascial planes that
can be a potential cause of compartment syn-
drome.”** Capsular sealing usually occurs
in 10-14 days and delaying surgical recon-
struction may decrease the risk of this

Figure 3. Posterior-anterior
radiograph of a posterior knee

dislocation.

Figure 4. Medial-lateral radi-
ograph of a posterior knee dis-

location.

)
+ B
Figure 5. Arteriogram demon-
strating vascular occlusion

Tourniquet Complications

Tourniquet complications are believed to be
time-dependent and related to duration of
compression.” Age of the patient, excessive
pressure, local anatomy, and insufficient
pressure are also other contributing factors.”
Patients with MLKI after knee dislocation
may have non-occlusive vascular injury.
Tourniquet induced stasis might lead to for-
mation of an arterial thrombus in these
patients which may cause to limb ischemia
and subsequent amputation.” Use of a prop-
erly functioning tourniquet,
application, limb exsanguination (the process
by which blood is removed from the leg by
elevation or use of a compressive device or
elastic wrap before tourniquet application),
checking the pressure level during surgery,
and reducing tourniquet time are believed to
decrease complications associated with
tourniquet application.”

accurate

Wound Problems

Superficial or deep wound infections may
happen after ligamentous knee surgery with
an incidence of 0.30 to 12.5% in open recon-
structions.””* Patient's age, general health,
skin condition, steroid use, prolonged tourni-
quet time, and prior knee operation are all
contributing factors.”* Prophylactic antibiot-
ic therapy before and after knee reconstruc-
tion for 24 hours (or until drain removal) is
recommended and is shown to decrease the
risk of wound infections.”  Additionally,
excessive traction can cause blistering during
wound closure (Figure 6).

Complex Regional Pain Syndrome

Complex regional pain syndrome, also
known as reflex sympathetic dystrophy, can
occur after knee surgery and is characterized
by pain with the intensity out of proportion to
the severity of injury, prolonged functional
recovery, vasomotor imbalances, edema,
and atrophy. Hypersensitivity to painful

after multiple ligament knee
TECONSITUCHION.  (Reprinted with per-
mission from Hegyes MS, Richardson MW,

stimuli, atrophy, stiffness, hypervascularity,
and osteopenia are the common clinical find-
ings in the affected patients.” The severe
pain can lead to muscle inhibition and soft
tissue contractures of the knee and cause

complication.” Compartment syndrome
could also be induced by ischemia due to vas-
cular injury or re-perfusion after vascular
repair.

Miller MD. Knee dislocation: Complications
of nonoperative and operative management.
Clin Sports Med. 19:529, 2000)
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slow progression and painful
physical therapy.  Early
recognition is important to
prevent frustrating complica-
tions. Steroids and non-
steroidal anti-inflammatory
drugs, as well as sympathetic
blocks, have been shown to
have some benefit.*'*

Deep Vein Thrombosis

An unusual complication fol-
lowing any knee surgery or
period of prolonged immobi-
lization is a deep venous

Figure 6. Skin blisters from
excessive traction during
wound closure. Reprinted with per-

mission from Hegyes MK, Richardson MW, ﬂ’]IOI’YlbOSIS (D 2 Conditions
Miller MD. Knee dislocation: Complications such as trauma, surgery, or
of nonoperative and operative management. prolonge d immobilization

Clin Sports Med. 19:533, 2000) . .
may impair venous return,

leading to endothelial injury
and excessive clotting of blood in the lower extremity. Deep
venous thrombosis can be classified as either proximal or dis-
tal depending on the site of formation either proximal or
distal to the trifurcation of the popliteal vein. Because the
proximal versions are larger than the
distal, the proximal DVT are thought
to be more likely to end up as a pul-

occur after most lower extremity surgical procedures.
Additionally, it must be understood that some DVT pro-
duce minimal symptoms and can present completely
“silent.”

One of the more common physical examination tests used
by physical therapists to diagnosis a DVT is the Homans'
sign. Homans' sign is tested by passively dorsiflexing the
patient’s foot with the knee fully extended. Pain in the calf
indicates a positive sign for DVT.* Tenderness can also be
found with palpation of the posterior calf. Unfortunately,
previous reports suggest that the Homans’ sign has essen-
tially no diagnostic value.”*

Fortunately, clinical decision rules have been developed to
assist in the diagnosis of DVT. A clinical decision rule is
described as a way to quantify individual contributions of
components of the medical history and physical examina-
tion to make a correct diagnosis.” Wells and colleagues™*
have used a series of studies to determine that patients can
be placed in categories dependent on their clinical decision
rule scores. Their clinical decision rule is based on nine
medical history items and physical findings (Table 1).
Patient’s scores and their proposed probability of DVT are
listed in Table 2.

Table 1. Clinical Decision Rule Developed by Wells and Colleagues.*!

monary embolism.** A pulmonary

Clinical Finding Score
embolism occurs when a dislodged | Advanced cancer (within 6 months of diagnosis or palliative care). 1
fragment of the blood clot travels to . . . o
the lungs where it can block one of Zaralys:;; patesia, or eocnt plaster immobilization of Jowet 1
the pulmonary arteries or one of its )
branches. This blockage in the lung is | Recently bedridden more than 3 days or major surgery with 4 weeks of 1
an obvious medical emergency as it | 8pplication of clinical decision rule.
can be life threatening. Localized tenderness along distribution of the deep venous system. 1
Due to decreased hospital stays, undi- Entire lower ity swelling 1

agnosed or silent DVT and pulmonary
embolisms may be seen by physical

therapists. Physical therapists rou- . ) ) .
tinely see patients following outpa- Pitting (greater in the symy tic lower ity). :
tient surgical procedures such as | Collateral superficial veins (nonvaricose). 1
reconstruction for MLKI's. Common

Alternative diagnosis as likely, or greater than that, of deep vein thrombosis. 2

signs and symptoms of a DVT include

Calf swelling by more than 3 cm compared with asymptomatic lower extremity. 1

calf pain, swelling, discoloration of the
affected area, and warmth to palpa-

Table 2. Probability of having DVT using Wells et al*! Clinical Prediction Rule.

tion of the surrounding skin. The

major problem with diagnosing this gcor: Prol;?;ility Conﬁ;l?lms:eglo/nterval
potentially life threatening condition 101'_2 17‘;’ 1'2:25%0
is that the same identical symptoms Jor> 75% 63-84%
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Loss of Motion

Loss of knee motion may occur after any
injury to the knee and is the most com-
mon long-term complication following
MLKI."*** Multiple reasons exist for knee
stiffness following this injury. Soft tissues
injury, hemarthrosis with secondary
adhesions, excessive scarring due to
immobilization, joint or muscle contrac-
tures, complex regional pain syndrome,
quadriceps scarring, mnotch scarring,
infection, delayed or rushed surgical pro-
cedures,”* excessive graft tension, mal-
positioned graft,* and graft choice all
can cause limitations of motion.”***** To
combat motion loss several applications
are typically applied to the patient post-
surgery as described by Irrgang and
Fitzgerald.”

Reconstruction of anterior cruciate liga-
ment is more associated with loss of
extension versus posterior cruciate liga-
ment reconstruction which is associated
more with lack of flexion. Medial collater-
al ligament reconstruction involves
flexion and extension equally and has the
highest rate of motion loss after surgery.
Lateral collateral ligament repair is not
believed to have a significant impact on
postoperative  range of  motion.”
Intercondylar notch scarring and capsuli-
tis are the most common causes of knee
stiffness after ligament reconstruction.
Intercondylar notch scarring is caused by
scar formation in the notch which can
block extension.”

To protect the healing of replaced
ligaments, the patient is placed in a post-
operative brace locked in full extension
for the first 4-6 weeks® Emphasis is
placed on gaining equal full terminal
extension, except in cases of those with
posterolateral corner reconstruction.
With a posterolateral reconstruction
emphasis of passive knee extension is to 0
degrees and not equal terminal extension
bilaterally. Passive knee flexion is limited
to less than 90 degrees during the first 6
weeks. Passive flexion is performed cau-

Figure 7. Passive flexion done
with hand placement to prevent

posterior tibial drop-back.

Figure 8. Passive knee flexion
done with slight varus force to
protect healing medial collateral

ligament.

Figure 9. Passive knee flexion

done with slight valgus force to
protect healing lateral collateral
ligament.

tiously with a hand placement that will
decrease the amount of posterior transla-
tion of the tibia (“drop-back”) during knee
flexion range of motion (Figure 7). Active
knee flexion via hamstring muscle con-
traction is avoided for 6 weeks to prevent
posterior tibial translation which could be
detrimental to the posterior cruciate
reconstruction. Depending on ligament
damage, a slight varus or valgus force may
be applied during knee flexion and exten-
sion exercises to take additional stress off
of the healing medial collateral or lateral
collateral ligaments, respectively (Figures 8
and 9). If extension motion is lost, treat-
ment is physical therapy and possible use
of extension dropout cast to maintain
extension.”

Capsulitis results from inflammation in
the periarticular tissue. Diffuse pain, ten-
derness, effusion, weakness of extensor
mechanism, and flexion contracture are
common problems which can result in a
flexed knee during gait.” Early recogni-
tion can prevent further loss of motion.
Early treatment includes the use of non-
steroidal anti-inflammatory drugs with
non aggressive physical therapy.
Additionally, patellofemoral mobilization
is performed for medial/lateral and supe-
rior/inferior glides to ensure adequate
mobility for full functional return of the
quadriceps mechanism (Figures 10 and 11).
In most cases, the decision can be made
by three months that surgical interven-
tion is indicated.” Surgical intervention
usually includes lysis of adhesions and a
lateral release to restore patellar motion.*
Physical therapy emphasizing improve-
ment of extension is started after sur-
gery.” Severe cases might require arthro-
tomy, quadricepsplasty, and salvage pro-
cedures such as patellectomy and total
knee replacement.”

Persistent Laxity

Knee instability is not as common as
stiffness after multiple ligamentous recon-
struction and can be caused by failure to
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recognize associated injuries, non-isometric ligament
reconstruction, and graft failures.”* Posterior sag is the
most common form of persistent laxity which can happen
after posterior cruciate ligament reconstruction due to fail-
ure to address posteromedial or posterolateral injuries,
improper graft tensioning or placement, graft weakness,
and early open chained hamstring muscles exercise.”"*
Failure to recognize associated ligament injuries is believed
to be the most common cause of suboptimal outcomes
after combined anterior and posterior cruciate  ligament
surgery. Complete history and physical exam including
magnetic resonance imaging (MRI), examination under
anesthesia, and arthroscopy for diagnostic purpose in
selected cases can help identify the correct pathology.”
Post-operative physical therapy can affect the outcome of
posterior cruciate ligament reconstruction leading to pos-
terior sag and persistent laxity.”* Open chain hamstring
muscles exercise and weight bearing in flexion in the early
post-operative period can increase forces in the posterior
cruciate ligament and cause laxity with posterior sag.

Miscellaneous Complications

Medial femoral condyle osteonecrosis has been reported as
one of the complications of the posterior cruciate ligament
repair. The cause is believed to be increased pressure caus-
ing vascular insufficiency in the bone. Medial knee pain
with tenderness on the medial femoral condyle are the
most common signs and symptoms.”” Anterior knee pain
can be seen after posterior cruciate ligament reconstruc-
tions with posterior sag due to increase patellofemoral
forces that lead to early patellofemoral osteoarthritis.**
Pain in the graft harvest site, synovitis, and prominent
hardware are other causes of anterior knee pain after liga-
ment reconstruction.”

Summary

Significant morbidity is frequently associated with MLKI
before and after operative intervention. Early diagnosis of
these complications can play a significant role in improv-
ing outcome.
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