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Understanding the mechanisms of knee injury re
quires an awareness of the forces involved in injury 
and of the impact on certain structures of these forces' 
direction and magnitude. A thorough appreciation of 
these mechanisms should facilitate the rehabilitation 
program by providing the therapist with 1) evaluative 
insight, 2) treatment insight, 3) an understanding of 
the prognosis, 4) a better chance of preventing recur
rence of the injury, and 5) information for prevention 
of similar injuries to others. 

Improving evaluative insight can assist the therapist 
in evaluating the problem and in helping the physi
cian reach a diagnosis. Treatment insight helps the 
physical therapist determine treatment indications 
and contraindications, such as for positioning of the 
patient and selecting treatment techniques for specific 
tissues. An understanding of the prognosis will help 
the therapist plan realistic goals according to the 
patient's capabilities. Also, the therapist may be able 
to determine whether or not injuries of this type can 
be prevented in the future. Reinjury can be prevented 
by developing a rehabilitation and reconditioning 
program to eliminate or decrease abnormal forces. By 
understanding three things—position of the limb, 
angular velocity of the extremity, and forces at the 
time of injury—modifications can be made in 
strengthening techniques, equipment, and game rules 
so similar injuries to other individuals can be pre
vented. 

The purpose of this paper is to clarify different 
mechanisms of injury according to our clinical clas
sification in order to provide physical therapists a 
better understanding of knee trauma. 

MICROTRAUMA 

Microtrauma is a series of inflammatory reactions 
to submaximal loading that eventually produces clin
ical signs and symptoms. All activities of daily living 
cause microtrauma, but the term will be used here to 
designate the trauma that produces clinical signs and 

symptoms. The term "inflammatory response to mi
crotrauma" has been coined to indicate this mecha
nism of injury. Microtrauma is caused in one of three 
ways. The first is through normal forces that occur 
about the knee. The second is through excessive 
normal forces (overuse syndromes) about the knee. 
The third is through excessive loads produced 
through abnormal biomechanics. 

Normal forces about the knee, such as produced by 
walking, can cause an inflammatory response at the 
knee if the person is not accustomed to the amount of 
walking or to walking on particularly uneven terrain. 

Excessive normal forces about the knee can also 
cause inflammatory responses. For example, the dif
fering biomechanical forces that occur during walk
ing, jogging, and running may cause signs and symp
toms of an overuse syndrome from increased stress. 
As another example, walking creates forces of about 
body weight at the patellofemoral joint. Climbing 
stairs increases this force to 3.3 times body weight, 
and squatting increases the forces to 8 times body 
weight.1 Therefore, changes in normal routine, in
cluding more stair climbing, increasing the speed of 
gait, or carrying heavy objects (for example, a golf 
bag) can be enough to cause this overuse syndrome. 

An instance of abnormal biomechanics of the lower 
extremity kinetic chain's producing microtrauma is 
when excessive compensatory pronation causes ex
cessive medial transverse plane rotations at the knee. 
The movement abnormality coupled with activity 
results in microtraumatic injury. 

Causes of Overuse Syndromes 

Excessive normal forces, resulting in overuse syn
dromes, can be caused by either 1) high repetition, 
low load or 2) low repetition, high load. 

High repetition, low load occurs, for example, in a 
runner who suddenly increases his running from 5 
miles to 10 miles a day. Although the body is still 
loaded in the same manner, it is loaded many more 
times. Because the runner's foot strikes about 1,500 
times per mile, there are an additional 7,500 foot 
strikes per day. 

Low repetition, high load occurs, for example, in a 
high jumper who, although only jumping a dozen 
times a day, exerts maximum effort from the involved 
musculotendinous units each time he jumps. 

One factor involved with the repetition/load mech
anism of injury is poor conditioning. When tired, an 
individual often develops an abnormal gait. Also, 
muscular fatigue leads to decreased shock absorption, 
which may lead to injuries. Bones may also be un
conditioned and, after many repetitious forces, suffer 
stress or fatigue fractures. 
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Other factors influencing the repetition/load mech
anism of injury involve the well-conditioned individ
ual. One factor can be small biomechanical dysfunc
tions that become magnified with high-performance 
activities. Some authorities believe that a limb-length 
difference as small as one-eighth of an inch can 
contribute to biomechanical dysfunction in high-per
formance activity individuals such as long-distance 
runners.2'3 Well-conditioned individuals often in
crease their activity levels much more rapidly than 
they can physiologically adapt to or accommodate 
the increased activity. An example of this is the 
runner who doubles his running program too soon. 
Yet another factor might be that a person's total 
activity level is greater than the possible physiological 
repair. An individual may be continuing to run five 
miles a day, but if he is physically active in his job 
and participates in several other sports, then his total 
activity level may produce an overuse syndrome. The 
repetitive microtrauma accumulates and produces the 
injury. 

Causes of Biomechanical Abnormalities 

Many people are biomechanically or physiologi
cally predisposed to microtrauma. These predisposi
tions will be examined separately by discussing the 
alignment of the foot, tibia, femur, and patella; limb 
length; flexibility; strength; and improper technique. 
Alignment. The neutral position of the foot is the 
most efficient for the functioning of the lower extrem
ity. Any malalignment causes biomechanical changes 
that place abnormal stresses on particular tissues and 
produce microtrauma. Examples of foot malalign
ment are hindfoot varus and valgus and forefoot 
varus and valgus, causing ligamentous stress. Also, 
abnormal or excessive pronation is a malalignment 
that can lead to compensatory positions, as can Mor
ton's toe or a short, hypermobile first ray. 

Tibial varus or valgus as well as femoral varus or 
valgus can also cause excessive stress from the result
ing malalignment and malfunctioning of the lower 
extremity. And if the patella is in a position of alta, 
baja, or medial or lateral deviation, the malalignment 
can lead to subluxations, pressure syndromes, and 
chondromalacia patella. 
Limb length. Discrepancies of limb length, either 
anatomical or functional, may also cause micro
trauma. Anatomical leg length is the length of the 
limb as measured in a supine position from the an
terior superior iliac spine to the distal tip of the medial 
malleolus. Functional limb length refers to the length 
of the limb in a standing or functional position. 
Functional limb-length differences can be caused by 

such factors as foot pronation, sacroiliac displace
ment, or right/left hamstring muscle tightness. Limb-
length differences may cause abnormal stresses from 
overstriding or decreased shock absorption and cause 
excessive stress at various locations, including the 
posterior structures of the knee.2 

Flexibility. Insufficient flexibility can also be respon
sible for microtrauma because of compensatory 
changes in the lower extremity kinetic chain. For 
example, a tight gastrocnemius muscle can lead to 
increased compensatory pronation of the foot. This 
results in increased internal rotation of the tibia that 
causes an abnormal stress on the patella and the 
quadriceps femoris tendon. This leads to peripatellar 
soft tissue pain, patellar pain, or patellar tendinitis. 
Other lower extremity structures that frequently show 
flexibility deficits include the hamstring musculature, 
the quadriceps femoris muscle, the hip flexor muscles, 
and the iliotibial band. 
Strength. Muscular strength and power can also pre
dispose an individual to microtrauma, strength being 
the maximum output capacity of the individual and 
power being the rapid expulsion of the force. The 
clinician should be aware of 1) the relationship of 
strength and power to body weight, 2) agonist/antag
onist relationships, 3) right/left imbalances, and 4) 
total leg strength.4 

Improper technique. Another cause of microtrauma 
is improper technique. Improper gait, such as over-
striding, which produces heel strike with the knee 
extended and thus decreases shock absorption, may 
present a problem. Overstriding can lead to posterior 
structural stress and strains of the hamstring muscu
lature. Understriding leads not only to an inefficient 
gait, which increases the number of gait cycles, but 
also causes decreased shock absorption from starting 
too far forward on the foot. Unequal striding causes 
an unequal distribution of the biomechanical forces 
at the knee. Also classified under improper technique 
is change in routine, such as in terrain, distance, 
speed, and type of activity. 

Manifestation of Microtrauma 

The manifestations of microtrauma are 1) strain— 
a stretching or tearing of the contractile unit (muscle, 
musculotendinous junction, tendon, or the tendoper-
iosteal insertion through Sharpey's fibers),5 2) inflam
mation-tendinitis, for example, jumper's knee or Lar-
sen-Johansson disease, 3) inflammation of the cap
sule, producing effusion, 4) sprain—stretching or tear
ing of the noncontractile unit (such as the capsule or 
ligament),5 5) chondromalacia patella or the pressure 
syndromes, and 6) Osgood-Schlatter's disease—in-
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Fig. 1. Wide receiver (dark jersey) attempting to ' 'plant" 
(decelerate) and "cut" with right leg, demonstrating 
mechanism of injury commonly associated with anterior 
instability. 

flammation of the insertion of the quadriceps femoris 
tendon and involvement of the tibial tubercle. The 
location of these various indications of microtrauma 
is not confined to any particular area but may be in 
the soft tissue around the knee, the peripatellar soft 
tissue, the patellofemoral joint, or within any of the 
compartments of the knee joint. These manifestations 
are not restricted to cases of microtrauma but may 
also be seen in macrotrauma. 

MACROTRAUMA 

Macrotrauma is trauma resulting from an injury of 
a magnitude that causes immediate clinical signs and 
symptoms. We will concentrate on ligamentous 
macrotrauma in this article to allow for detailed 
discussion of the subject. The amount of force nec
essary to cause macrotrauma is surprisingly small in 
some instances. Noyes and associates have docu
mented the mechanical properties of knee ligaments 
and their tolerance to tension to failure.6"9 

The many factors contributing to macrotrauma 
include poor playing surfaces, improper foot gear, 
insufficient muscle strength and power, unstable 
joints, and previous injury. Playing surfaces can cause 
macrotraumatic injuries from 1) too much friction 
between the foot gear and the playing surface, 2) 
uneven, unkempt surfaces, and 3) fixation and en
hancement (the skier who catches a ski and whose 
body continues forward progression). Foot gear may 
also be a contributing factor because of spikes and 

adherent soles. Strength and power have been dem
onstrated to protect against injuries.10,11 An unstable 
joint may be caused by congenital loose-jointedness 
(the loose-jointed versus the stable-jointed individual) 
or loose ligaments from previous injury (nonsurgical 
rehabilitation will not alleviate looseness once it is 
stretched). Previous injury may have resulted in in
stability or lack of mechanoreceptor response, or the 
injury may have received insufficient rehabilitation, 
which allowed development of decreased range of 
motion, strength, and proprioceptive ability. 

Mechanisms of macrotraumatic injury can be either 
direct or indirect. Direct injuries result in a joint-
closing (compression) type of injury, such as a crushed 
meniscus. Indirect macrotraumatic mechanisms in
clude both joint distractions and rotational or trans
mitted torque. Joint distraction frequently occurs 
when a lateral force is applied through the knee and 
the medial collateral ligament is stretched (sprained). 
Rotational or transmitted torque is often seen with 
the contrecoup type of injury. 

Manifestations of Macrotrauma 

Macrotrauma is a single-incident injury, mani
fested by a strain or sprain, which is classified as first, 
second, or third degree (mild, moderate, or severe). A 
third-degree injury may be a complete disruption of 
the musculotendinous unit (strain) or of the noncon-
tractile structures (sprain).5 Another manifestation of 
macrotrauma is a contusion. 

Selected Ligamentous and Capsular Injuries 

Macrotraumas resulting in the following three in
juries will be discussed: straight one-plane instabili
ties, rotatory instabilities, and combined instabilities. 
Although there is some controversy in the literature 
about what the specific mechanisms of injury are, 
whether isolated injuries can occur, and whether 
straight instabilities may occur without posterior cru
ciate ligament rupture, the following mechanisms of 
injury and the anatomical structures involved are 
presented as isolated injuries. Discussing the mecha
nisms this way should facilitate the understanding of 
knee position, forces applied, and anatomical struc
tures involved. For further discussion of the effect of 
"cutting" mechanism forces on the knee, see Andrews 
and associates.12 For classifications of knee ligamen
tous instabilities refer to Kennedy and Hughston.13,14 

Straight One-Plane Instabilities 

Straight Anterior Instability. There are several struc
tures that may be responsible for this instability. 
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These include the anterior cruciate ligament, the an-
teromedial band of the anterior cruciate ligament,13 

the posterior cruciate ligament, and the meniscotibial 
portions of the capsule.14 

Feagin and Curl have described the usual history 
of patients with this type of instability.15 These pa
tients usually heard or felt a pop at the time of injury, 
were unable to continue the activity, and developed 
gross swelling within 12 hours. Most patients did not 
sustain a contact injury but did sustain the injury 
while twisting, decelerating, or changing direction 
(Fig. 1). 

Youmans indicates that the mechanism of injury 
varies considerably, but that most patients seem to 
have sustained a twisting injury of the knee.16 This 
may involve forced internal rotation of the tibia, with 
the knee extended or slightly flexed, or external ro
tation of the tibia, with the knee flexed. 
Straight Posterior Instability. The primary structures 
involved are the posterior cruciate ligament and the 
posterior part of the capsule. 

Although there is some controversy regarding the 
incidence of this injury, the following description of 
the mechanism of injury is well-accepted. Smillie 
describes the cause of rupture as a force directed 
against the flexed knee that strikes the anterior aspect 
of the tibial head and drives it rearward.17 The com
mon circumstances are a motorcycle accident or an 
automobile accident in which the knee strikes the 
dashboard. A second cause of rupture injury involves 
hyperextension, which may result from a weight's 
falling on an extended joint or some other force 
directed against an extended knee (Fig. 2). 
Straight Medial Instability. Structures involved in 
this instability include the medial collateral ligament 
and the middle third of the medial capsule. The injury 
usually occurs when a foot is fixed to a surface, the 
knee is in slight flexion, and a medially directed force 
contacts the lateral aspect of the knee. This force 
produces a contrecoup type of injury of the afore
mentioned medial structures (Fig. 3). 
Straight Lateral Instability. Structures involved in 
this injury usually include the lateral collateral liga
ment and the middle third of the lateral capsule. To 
reiterate, the literature indicates that many of these 
lesions do not occur as isolated injuries. However, if 
an isolated injury did occur, the circumstances of 
injury would usually be described as a foot that is 
fixed to a surface, with the knee in slight flexion, and 
a laterally directed force that contacts the medial 
aspect of the knee. This force produces a contrecoup 
type of injury of the aforementioned lateral structures. 
Combined Injury. Combined injuries are often seen 
with macrotrauma. For example, O'Donoghue de-

Fig. 2. Number 87 (tackier) about to sustain a posteriorly 
directed force upon his left knee, demonstrating a com
mon mechanism of injury to the posterior capsule and the 
posterior cruciate ligament. 

scribes a common injury sustained by the anterior 
cruciate ligament and other structures within the 
knee18: 

. . . In the classic athletic injury of the knee, the foot 
is fixed to the ground, the thigh rotates inward and 
the leg outward, the knee is forced inward toward the 
opposite leg and the stress is primarily received in the 
ligaments on the inner side of the knee stress is 

Fig. 3. Number 12 (tackier) sustaining a blow to the 
lateral aspect of his right leg, stressing the medial struc
tures of his right knee. This produces a contrecoup type 
of injury. 
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Fig. 4. The ball carrier (dark jersey) "planting" left leg 
and attempting to decelerate and cut to his right, placing 
tremendous stress upon the anterior ligamentous struc
tures of his left knee. 

exerted against the medial collateral ligament of the 
knee, the superficial layer of which takes the strain 
first. As this stretches, tears or gives way, the force 
reaches the deep layer, to which is attached the 
medial meniscus. If the force continues, the anterior 
cruciate receives the stress and it, too, may fail 

Transverse Plane Rotatory Instabilities 

Anterior Medial Rotatory Instability. Anterior medial 
rotatory instability results from injury to the middle 
third of the medial capsular ligament, the posterior 
medial oblique ligament, and the semimembranosus 
complex. The intermediate bundles of the anterior 
cruciate ligament may also be involved.19 This insta-

Fig. 5. Ball carrier (center) sustaining a severe injury to 
his right knee. (By permission of author and publisher.18) 

bility may be caused by external rotation of the tibia 
imposed upon a fixed foot, flexed knee, and abducted 
thigh.20 

Anterior Lateral Rotatory Instability. Anterior lateral 
rotatory instability results from injury of the middle 
third of the lateral capsular ligament, the arcuate 
complex, and the posterior lateral third of the capsule. 
Involvement of the anterior medial band of the an
terior cruciate ligament increases the laxity exhibited 
by clinical tests for this condition.19 The cause is a 
force applied to the lateral aspect of the knee super
imposed upon a fixed foot, with the flexed knee 
forceably internally rotating the tibia upon the fe
mur21 (Fig. 4). 
Posterior Lateral Rotatory Instability. Posterior lat
eral rotatory instability results from an injury to the 
posterior third of the lateral capsule and the arcuate 
complex. Injury of the posterior lateral band of the 
anterior cruciate ligament also increases this laxity.19 

The mechanism of injury is a forceable blow against 
the front of the tibia, with the leg externally rotated 
and planted in a varus position.21 

Combined Rotatory Instabilities. Any of the three 
aforementioned rotatory instabilities can occur alone 
or in a variety of combinations, depending on which 
of the anatomical structures previously described are 
injured. 

Factors in Severity of the Injury 

Several factors affect the severity of an injury, 
including the tension of the tissues upon contact, the 
position of the joint, the angular velocity of the joint, 
and the speed, duration, and severity of the impact 
force (Fig. 5). From the information presented by 
patients on the position of the knee at the time of 
injury and from a determination of the resultant 
damage with a certain type of force, it is obvious that 
the tissues that are taut when the force is applied will 
sustain the most damage. 

The biomechanical properties of the various tissues 
must also be considered. An analysis of these tissues 
revealed that it takes surprisingly little stress to dam
age many of these tissues.6-9 

SUMMARY 

Mechanisms of knee injury are very complex and 
depend on multiple factors. The purpose of this article 
was to describe mechanisms of knee injury. Causes of 
knee injury include microtrauma and macrotrauma. 
For microtrauma, mention was made of the accu
mulation of inflammatory reactions that eventually 
produces clinical signs and symptoms. For macro-
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trauma, particular emphasis was placed upon imme
diate injuries resulting in straight one-plane instabil
ities and transverse plane rotatory instabilities. 
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