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Abstract

Rupture of the patellar tendon is a relatively infrequent, yet disabling, injury,
which is most commonly seen in patients less than 40 years of age. It tends to
occur during athletic activities when a violent contraction of the quadriceps
muscle group is resisted by the flexed knee. Rupture usually represents the
final stage of a degenerative tendinopathy resulting from repetitive microtrau-
ma to the patellar tendon. This injury may also occur during less strenuous
activity in patients whose tendons are weakened by systemic illness or the
administration of local or systemic corticosteroid medications. The diagnosis is
made on the basis of the presence of a painful, palpable defect in the substance of
the tendon; an inability to completely extend the knee against gravity; and the
existence of patella alta confirmed by lateral radiographs. Ultrasonography and
magnetic resonance imaging are useful in identifying a neglected rupture, as well
as when the diagnosis is in question or an intra-articular injury is suspected. The
prognosis after a patellar tendon rupture depends in large part on the interval
between injury and repair. Surgery soon after the injury is recommended for
optimal results. This is best accomplished by accurate reapproximation of the
ruptured tendon ends, repair of the torn extensor retinacula, and placement of a
reinforcing cerclage suture. An aggressive rehabilitation program, emphasizing
early range-of-motion exercises, protected weight bearing, and quadriceps
strengthening, will enhance the results of surgery. Patients who undergo
delayed repair are at risk for a compromised result secondary to loss of full knee
flexion and decreased quadriceps strength, although a functional extensor mech-
anism is likely to be reestablished.
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Rupture of the patellar tendon is a
relatively infrequent injury and is
thought to occur less frequently
than rupture of the quadriceps ten-
don. It is usually seen in active
patients under the age of 401; with
the increased emphasis on partici-
pation in athletic activities by all
age groups, however, it is now not
uncommon to see this injury in
older patients.

The vast majority of these inju-
ries are unilateral. Cases of bilater-
al ruptures have been described in
association with systemic disease
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states known to weaken collagen
structures.2 In these instances, rup-
ture may occur during less strenu-
ous, nonathletic activity.

Anatomy

Technically, the term “patellar ten-
don” is a misnomer, since the “ten-
don” is actually a ligament con-
necting one bone (the patella) to
another (the tibia). The patella is
merely a sesamoid bone within a
tendinous complex. For the pur-

poses of this discussion, however,
the term will be used, because the
structure represents the thickened
condensation of the quadriceps
tendon that continues over the
patella before inserting onto the
tibial tubercle.

The extensor mechanism of the
knee includes the quadriceps
femoris muscle group, the quadri-
ceps tendon, the patella, the patel-
lar tendon, and the tibial tubercle
(Fig. 1). The quadriceps femoris
group consists of four muscles: the
rectus femoris, the underlying vas-
tus intermedius, the vastus medi-
alis, and the vastus lateralis. The
tendinous expansion of the vastus
lateralis to the superolateral border
of the patella and proximal tibia is
referred to as the lateral retinacu-
lum. The tendon of the vastus
medialis inserts into the superome-
dial border of the patella and prox-
imal medial tibia as the medial reti-
naculum. Fibers of the rectus
femoris tendon traverse the anteri-
or surface of the patella to form a
thickened, fibrocartilaginous con-
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Fig.1 Normal anatomy of the extensor mechanism of the knee.

densation inferior to the patella
before inserting onto the tibial
tubercle.

Proximally, the width of the ten-
don approximates that of the adja-
cent patella. Its thickness in the
sagittal plane usually averages 4
mm and does not exceed 7 mm.3
The tendon thickens and narrows
distally, with an average thickness
of 5 to 6 mm at the tibial tubercle.
The patellar tendon merges medial-
ly and laterally with the medial
and lateral retinacula, respectively.
Injuries to the tendon usually in-
volve the adjacent retinacula, caus-
ing dysfunction of the entire exten-
sor hood.

Water constitutes 60% to 70% of
the wet weight of the patellar ten-
don, and collagen comprises 70%
to 80% of the dry weight. The
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patellar tendon is composed of
large-diameter (greater than 100
nm) collagen fibers, of which 90%
are type | collagen and fewer than
10% are type Ill. Elastin, proteo-
glycan, and other noncollagenous
glycoproteins make up the remain-
ing tendon matrix.4

The patellar tendon receives its
blood supply primarily from the
infrapatellar fat pad and retinacular
structures.® The infrapatellar fat
pad contributes vessels to the poste-
rior aspect of the tendon via anasto-
moses from the inferior medial and
inferior lateral genicular arteries.
The retinaculum supplies blood ves-
sels to the anterior portion of the
tendon from branches of the inferior
medial genicular and recurrent tib-
ial arteries. These vessels originate
at the proximal and middle portions

of the tendon and travel distally.
Both the proximal and distal attach-
ments of the patellar tendon are rel-
atively avascular.t These avascular
regions, composed histologically of
fibrocartilage, are the most common
sites of rupture.

Biomechanics of the
Extensor Mechanism

During active knee extension,
forces generated in the quadriceps
muscle group are transferred in a
convergent fashion via the patellar
tendon and retinacula to the proxi-
mal tibia. The greatest forces in the
tendon occur with the knee at
approximately 60 degrees of flex-
ion.” The ratio of patellar tendon
force to quadriceps tendon force
has been found to be greater than
1.0 at knee flexion angles less than
45 degrees. At these smaller flex-
ion angles, the patellofemoral con-
tact area is located at the distal end
of the patella, giving the quadri-
ceps tendon a mechanical advan-
tage during active knee extension.”
At flexion angles greater than 45
degrees, the force ratio is less than
1.0. With increasing knee flexion,
the patellofemoral contact area
shifts proximally, giving the patel-
lar tendon a mechanical advantage
during active extension.” It is then
that the tendon sustains relatively
greater stress compared with the
quadriceps tendon. Consequently,
most ruptures tend to occur with
the knee in a more flexed position.8

It has been shown that the defor-
mation (strain) due to tensile load is
much greater in the insertion sites
of the patellar tendon than in the
midsubstance of the tendon.® At
peak load prior to failure, this end-
region strain is approximately three
to four times that in the midsub-
stance.® In addition, there is a cor-
responding decrease in collagen-
fiber stiffness at the insertion site
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compared with the midsubstance
region. It is theorized that this dif-
ferential in peak strain exists
because the collagen-fiber crimp
period of the end region is shorter,
and the crimp angle is larger, than
that of the midsubstance.® These
differences in in vivo force trans-
mission may explain why the patel-
lar tendon most commonly rup-
tures near its proximal insertion
site, rather than in its midsubstance.

Forces generated in the patellar
tendon during normal activities of
daily living have been estimated with
the use of geometric and trigonomet-
ric methods. The force generated
while ascending stairs is believed to
be approximately 3.2 times body
weight.10 A detailed cinematographic
analysis by Zernicke et al® estimated
that the force necessary to cause a
patellar tendon rupture in a weight
lifter approached 17.5 times body
weight. It is presumed that the force
required to rupture a tendon weak-
ened by systemic disease is much
lower, although no data are available
to substantiate this hypothesis.

Causes of Tendon Rupture

It is generally accepted that healthy
tendons do not rupture. Tensile
overload of the extensor mecha-
nism usually leads to a transverse
fracture of the patella, which is con-
sidered the weakest link.2 Patellar
tendon rupture due to indirect trau-
ma has been considered the end
stage of a long-standing chronic
tendon degeneration secondary to
repetitive microtrauma.ll Kannus
and Jozsal? evaluated 891 biopsy
specimens of spontaneously rup-
tured tendons, including 53 patellar
tendons. All of the ruptured ten-
dons exhibited pathologic changes,
whereas such changes were detect-
ed in only 35% of intact tendons
from age-matched control subjects.
Ninety-seven percent of the patho-
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logic findings were degenerative in
nature, including hypoxic tendi-
nopathy, mucoid degeneration, ten-
dolipomatosis, and calcifying tendi-
nopathy.

Kelly et all! reviewed the data on
13 athletes with chronic symptoms
of jumper’s knee resulting in ten-
don failure. Ten of these athletes
had patellar tendon ruptures (1 had
bilateral ruptures), and 3 had
quadriceps tendon ruptures. Those
patients younger than 25 years of
age demonstrated more severe
symptoms of preexisting patellar
tendinitis before rupture. Older
patients complained of less severe
symptoms, presumably due to a
history of less severe microtrauma.
The authors hypothesized that
more advanced degeneration is
required to critically weaken a
younger, healthier tendon, whereas
less advanced microtrauma, com-
bined with the natural degeneration
associated with aging, leads to rup-
ture in the older athlete.

Patients with preexisting systemic
disorders, such as systemic lupus
erythematosus, rheumatoid arthritis,
chronic renal failure, and diabetes
mellitus, which are known to weak-
en collagen structures, are suscepti-
ble to patellar tendon ruptures dur-
ing nonstrenuous activity.2 This rep-
resents a significant injury because
the disability of the tendon rupture is
exacerbated by the comorbid condi-
tion, making tendon repair and its
rehabilitation especially difficult.

This condition has also been
seen in patients who were being
treated with long-term systemic
corticosteroid therapy.13 Bilateral
rupture may occur in these pa-
tients.213 Rupture may also occur
after the local injection of a cortico-
steroid near the tendon as treat-
ment for chronic patellar tendinitis
or jumper’s knee.l4 Corticosteroid
medications are known to weaken
collagen structures by causing
necrosis of the fibrils and disorga-
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nization of the collagen arrange-
ment.15 In the series by Kelly et
al,11 8 of 13 patients treated for
jumper’s knee received an average
of two to three steroid injections in
or around the patellar tendon
before rupture. Because of this
potential complication, local
steroid injection near the patellar
tendon or its bone insertions is
strongly discouraged.

Patellar tendon rupture has
occurred after some surgical proce-
dures that disturb the midsubstance
or insertion sites of the patellar ten-
don. Although an infrequent com-
plication of total knee arthroplasty,
rupture has been associated with
hinged designs, component mal-
alignment, tendon impingement,
removal of excess patellar bone,
and devascularization secondary to
overly aggressive lateral release.16
In these instances, treatment has
been universally discouraging, with
no single technique providing con-
sistently good results. Primary
repair, autogenous hamstring-tendon
augmentation, and extensor-mecha-
nism allografts have been per-
formed with some success.16 It is
recommended that primary sutur-
ing of the torn tendon ends be
attempted if adequate local tissue is
present. Allografts may be consid-
ered as a later method of salvage.
Generally, the prosthesis does not
require revision, nor is this recom-
mended, due to the increased risk
of wound morbidity.

Less commonly, patellar tendon
rupture has been described after
anterior cruciate ligament recon-
struction performed with use of the
central third as a reconstructive
graft.l” Proximal tendon rupture or
avulsion of the distal pole of the
patella usually occurs when the
patient becomes too active before
complete healing of the graft har-
vest site has occurred. Primary ten-
don repair is again recommended.
This tends not to compromise the
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result of the initial surgery, as may
occur with a patellar tendon rup-
ture after total knee replacement.

Clinical Evaluation

History and Physical
Examination

The history is often very helpful
in diagnosing a patellar tendon
rupture. Almost invariably, the
patient has sustained a forceful
quadriceps contraction against a
fixed or sudden load of the full
body weight, placing the knee in a
flexed position (e.g., landing after a
rebound, tripping up the stairs).
Sudden pain with an associated
tearing or popping sensation is a
hallmark of the injury. The patient
is unable to continue the activity,
and weight bearing is impossible
without assistance.

The patient usually presents
with a tense hemarthrosis of the
knee and inability to bear weight on
the involved extremity. Intra-artic-
ular injury (e.g., an anterior cruciate
ligament or meniscal tear) must be
ruled out during the initial evalua-
tion because of the similar mecha-
nisms of injury. The most signifi-
cant finding supporting a diagnosis
of patellar tendon rupture is a lack
of active knee extension or inability
to maintain the passively extended
knee against gravity. If the rupture
extends completely through the
tendon and retinacula, there will be
total loss of active extension. Less
commonly, if the rupture involves
only the tendon and most of the
retinacular fibers remain intact,
some extension will be possible,
although several degrees will still
be lacking.! Soon after the injury,
there is often a palpable gap at the
level of the rupture, and the patella
may feel proximally displaced com-
pared with the contralateral side.
Passive knee flexion is markedly
diminished because of pain.
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When the diagnosis is delayed,
the tendon defect may be obscured
by consolidation of hematoma and
early formation of scar tissue.
Some active knee extension usually
is possible, although an extensor
lag will be present. Quadriceps
atrophy and an elevation in patel-
lar height are usually seen. Weight
bearing may be possible, but often
with considerable weakness, lead-
ing to a forward flinging motion of
the affected leg in the swing phase
and feelings of knee instability dur-
ing single-leg stance.l® Activities
such as stair climbing and rising
from a chair are exceedingly diffi-
cult.

Radiologic Studies

Plain Radiography

At least anteroposterior and lat-
eral plain radiographs should be
obtained in all patients presenting
with an acute significant traumatic
injury to the knee. Special views
(e.g., Merchant and tunnel) may
also be helpful in ruling out a
patellar dislocation or an osteo-
chondral fracture. Weight-bearing
views are unnecessary and are
often not even feasible because of
pain. Plain x-ray films are the most
cost-effective radiographic means
by which to diagnose a patellar
tendon rupture and are sufficient
in most cases. On the lateral view,
patella alta is identified on the
basis of the presence of the patella
superior to Blumensaat’s line (Fig.
2). One or more bone fragments
may be attached to the tendon if
the injury is an avulsion.

Ultrasonography

High-resolution ultrasonography
has been recognized as an effective
means of examining the patellar ten-
don in both acute and chronic
injuries.l® Sagittal images obtained
with linear-array transducers at cen-
ter frequencies of 7 to 10 mHz are

recommended to allow full identifi-
cation of the tendon and its bone
insertions. Compared with the
underlying fat pad, the tendon itself
is usually hyperechoic (Fig. 3, A).
With an acute rupture, a confluent
area of hypoechogenicity is noted
traversing the entire thickness of the
tendon (Fig. 3, B). With chronic
tears, thickening of the tendon at the
rupture site is seen, along with dis-
ruption of the normal echo pattern.

Ultrasonography is advanta-
geous in cases of chronic patellar
tendinitis and chronic patellar ten-
don rupture because it is quick and
relatively inexpensive and does not
involve ionizing radiation. Unfor-
tunately, this modality is both
operator- and reader-dependent,
which may make it less effective
for some clinicians.

Magnetic Resonance Imaging
Magnetic resonance (MR) imag-
ing has emerged as an effective, al-

Fig. 2
demonstrates a high-riding patella (patella
alta), consistent with rupture of the patellar
tendon. The entire patella is superior to
Blumensaat’s line (indicated by rule).

Lateral radiograph of the knee
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A B

Fig. 3 A, Sagittal ultrasound image of a normal patellar tendon (arrows). Note the shad-
owing effect of the patella and tibia. B, Acute patellar tendon rupture (arrow). Note the
confluent region of hypoechogenicity extending completely through the tendon at the site

of rupture. P = patella.

beit expensive, method of diagnos-
ing chronic patellar tendinitis and
acute and chronic patellar tendon
ruptures.22 The normal patellar ten-
don demonstrates a homogeneous
low signal intensity throughout
much of its course on proton-densi-
ty images. The anterior and posteri-
or margins are typically smooth and
distinct (Fig. 4, A). With rupture,
there is discontinuity of tendon
fibers, waviness of the ends of the
tendon, and an increase in signal
intensity on sagittal T2-weighted
images. Hemorrhage and edema
may also be seen to extend posteri-
orly to the infrapatellar fat pad.
Magnetic resonance imaging is
not recommended in the evaluation
of most suspected patellar tendon
ruptures. However, it may be help-
ful in patients with a neglected tear
(Fig. 4, B) when the diagnosis is in
question or when associated intra-
articular injury is a possibility.

Classification

No widely accepted classification
system for patellar tendon ruptures
currently exists. Various authors
have categorized these injuries on
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the basis of the location, configura-
tion, and chronicity of the rupture.
Hsu et al?! grouped their series of 35
ruptures into three categories based
on the location of the disruption:
distal pole of the patella, tendon
midsubstance, or tibial tubercle.
Kelly et al'l categorized their series
of 11 ruptures by the anatomic con-
figuration of the resulting tears:
transverse, Z type (medial patellar
avulsion with a lateral tubercle
avulsion), and inverted-U type
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(medial and lateral portions rup-
tured from the tibial tubercle and
the midportion avulsed from the
patella). In neither of these series
was any correlation made between
the type of rupture and the method
of repair or clinical outcome.

Giblin et al3 classified bilateral
patellar tendon ruptures into two
groups: (1) midsubstance ruptures
and (2) tendon avulsions from the
proximal or distal end. Most
cases of midsubstance rupture
were noted to occur in patients
with a chronic disease state.
Proximal or distal tendon avul-
sions were usually seen in other-
wise healthy patients with no
signs of systemic or local disease.
Again, no distinction was made
between the type of tear and the
clinical result.

Siwek and Rao! grouped their
series of 36 repaired patellar ten-
don ruptures into two categories
based on the interval between
injury and repair: immediate
repair and delayed repair (more
than 2 weeks after injury). With
this simple classification, the au-
thors found a distinct advantage to
immediate repair. Primary tendon
repair was usually feasible in

Fig. 4

B

A, Sagittal proton-density MR image of a normal patellar tendon (arrows). B,

Sagittal T2-weighted MR image of a subacute partial proximal patellar tendon rupture
(arrow). Note the attenuated proximal tendon and lack of hematoma, which is indicative

of a subacute injury.
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patients who were operated on
immediately, whereas preoperative
patellar traction and fascia lata
autografts were commonly re-
quired for patients with a neglected
rupture. Patients who underwent a
delayed repair exhibited greater
loss of flexion and higher inci-
dences of persistent quadriceps
atrophy and strength loss. The
classification of Siwek and Rao is
most helpful in assisting the clini-
cian to determine the optimal
method of treatment and to predict
the final outcome after repair.

Treatment

Immediate Repair

Surgical restoration of the ex-
tensor mechanism is required for
optimal return of function after a
complete patellar tendon rupture.
Nonoperative treatment is ineffec-
tive. This applies to the athlete as
well as the nonathlete, regardless
of the age of the patient. Surgical
repair should be performed as soon
after the injury as possible, which
necessitates the timely diagnosis of
the condition.

A number of methods for imme-
diate surgical repair have been
described in the orthopaedic litera-
ture. Simple end-to-end repair,
with or without a reinforcing cer-
clage suture of wire or nonab-
sorbable suture material or tape,
has been the most commonly used
method.11.13.21-24 Previously de-
scribed techniques! employing a
Bunnell pull-out wire connected to
a Steinmann pin through the patel-
la or the tibia (or both) have been
abandoned because of the risk of
pin-tract infection and the necessity
of a second procedure for hard-
ware removal.

Technique

Under tourniquet control, a lon-
gitudinal midline incision is made
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from the midpatella to the tibial
tubercle. Thick skin flaps are creat-
ed to expose the ruptured tendon
and adjacent retinacula, which are
usually involved in the tear. The
tendon ends are debrided of frayed,
nonviable tissue and hematoma. If
the injury involves an avulsion off
the distal pole of the patella or tib-
ial tubercle, the tendon is cleared of
loose bone fragments too small for
internal fixation.

It is essential to identify both the
medial and the lateral extent of the
retinacular tear. Two No. 5 nonab-
sorbable sutures are woven in
Bunnell fashion and passed proxi-
mally through one of three trans-
patellar holes with use of either a
Keith needle or a Beath pin. A
transverse 3.2-mm drill hole is
made approximately 1 cm posterior
to the tibial tubercle. A heavy non-
absorbable suture or piece of
umbilical tape is passed through
this hole, brought proximally, and
passed transversely through the
quadriceps tendon close to the
superior border of the patella. A
less bulky material, such as No. 5
nonabsorbable suture, can also be
used to prevent a foreign-body
reaction.

Tension is applied to the sutures,
which are then clamped but not
tied. A lateral radiograph of the
knee is obtained to assess the patel-
lar height compared with that on
preoperative radiographs of the
contralateral knee. Suture tension is
either increased or reduced to
reestablish the normal length of the
patellar tendon. Once this has been
accomplished, the sutures are tied
over the superior pole of the patella,
and the cerclage suture is tied adja-
cent to the patellar tendon (Fig. 5).

The knee is flexed to 90 degrees
to test the repair. The patellar ten-
don suture line is oversewn with
interrupted No. 2 absorbable
sutures. The retinacular tear is
similarly closed. When the liga-

ment has been avulsed from the
tibia, the Bunnell sutures are
passed through a second transverse
drill hole through the tibia. The
wound is closed in layers, and the
knee is placed in a well-padded
dressing. A hinged brace is ap-
plied with the knee locked in 20
degrees of flexion.

Postoperative Rehabilitation
Isometric quadriceps- and ham-
string-strengthening exercises are
begun on the first day after sur-
gery. Active flexion and passive
extension of the knee is initiated 2
weeks after surgery, starting at 0 to
45 degrees and advancing 30 de-
grees per week. Active knee exten-
sion is permitted at 3 weeks post-
operatively. Toe-touch weight
bearing is initiated immediately
after surgery and is advanced to
full weight bearing without crutches

W7/
N7,

Fig. 5 Bunnell-type repair of an acute
rupture with transosseous sutures through
the patella. A reinforcing cerclage suture
has been placed between the tibial tubercle
and the quadriceps tendon.
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by 6 weeks postoperatively. The
brace and crutches are discarded
when the patient is able to ambu-
late with good quadriceps control.
A supervised isokinetic strengthen-
ing program is then initiated, and
the patient is advanced to a sport-
specific functional rehabilitation
program. Resumption of strenuous
athletic activity is prohibited for 4
to 6 months postoperatively, until
the patient demonstrates full range
of motion of the knee and 85% to
90% of the strength of the contra-
lateral extremity on isokinetic
strength testing.

Delayed Repair

Simple reapproximation of the
torn tendon ends is often difficult
when repair has been delayed more
than 6 weeks.11825 The longer the
delay between injury and repair,
the greater the likelihood of quadri-
ceps contraction and proximal
patellar migration. Fibrous adhe-
sions may form between the patella
and the underlying femur, and
degenerative changes may ensue in
the nonarticulating patella and the
trochlear groove. Distally, the rup-
tured tendon ends shrivel and
become encased in scar tissue, and
calcific deposits develop after long-
standing injury.

Patients with a neglected rup-
ture of several months’ duration
who present with superior patellar
migration, loss of passive patellar
mobility, and lack of full passive
knee motion may require preopera-
tive patellar traction.! This can be
accomplished over the course of
several days to weeks with the use
of a 5-1b weight pulled distally
through a Steinmann pin placed
transversely through the midpor-
tion of the patella. Passive range-
of-motion exercise of the knee is
performed during the course of
traction. Sequential lateral radio-
graphs of the knee are taken until
the patella is seen to be anatomical-
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ly reduced compared with the con-
tralateral knee.

A number of reconstructive
options have been espoused for
repair of the neglected rupture.
Primary repair combined with
autogenous graft augmentation
using the fascia latal or hamstring
tendonsZ has been most commonly
used and should be attempted if
sufficient tendon is left for repair
(Fig. 6, A). Inert materials, such as
carbon fiber26 and nonabsorbable
tape suture material,! have also
been advocated for the chronic tear.
Extensor mechanism allografts con-
sisting of an Achilles tendon or an
intact patellar tendon unit have
been used, albeit rarely, in salvage
situations (Fig. 6, B).2” Allografts
are stronger, allowing earlier, more
vigorous rehabilitation; however,
they are associated with the risk of
disease transmission. An external
fixation device consisting of two
transverse Steinmann pins (one
through the patella and one
through the tibia) connected by a
Charnley compression clamp may
be useful for reducing tension
across the repair in the case of a
long-standing rupture (Fig. 6, C).18

In general, the rehabilitation
after a neglected rupture is consid-
erably more conservative than that
after repair of a fresh rupture. A
bivalve cylinder cast is recom-
mended for 6 weeks, during which
time gentle passive-motion exer-
cises may be considered, depend-
ing on the stability of the repair.
This is followed by active range-of-
motion exercises emphasizing full
extension. Closed manipulation of
the knee is occasionally required
after casting to obtain greater knee
flexion.

Results

The vast majority of patients who
undergo primary repair in a timely
fashion achieve nearly full return
of knee motion and quadriceps
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strength. Persistent quadriceps
atrophy commonly occurs, but
tends not to affect the return of
strength.12l There does not appear
to be any relationship between the
configuration of the rupture, the
method of repair, and the clinical
outcome. The only factor that
appears to correlate with clinical
outcome is the timing of repair. In
the series of Siwek and Rao,! 20
(80%) of the 25 patients who under-
went immediate repair (within 7
days of injury) had excellent results,
and 4 (16%) had good results. In
contrast, of the 6 patients who
underwent delayed repair (more
than 2 weeks after injury), only 2
had excellent results, 3 had good
results, and 1 had an unsatisfactory
outcome. Patients who had under-
gone delayed repair also exhibited a
greater degree of persistent quadri-
ceps atrophy.

Hsu et al?! treated 35 traumatic
patellar tendon ruptures acutely
with primary repair and a neutral-
ization wire. Despite immediate
repair, only 20 (57%) results were
rated as excellent and 10 (29%) as
good; 5 (14%) were rated unsatis-
factory. The authors believed that
their results were compromised by
the fact that 34% of their patients
had multiple injuries (27 of 35 rup-
tures were caused by motorcycle
accidents).

Larsen and Lund?? noted excel-
lent or good results in 7 of 10 acute
patellar tendon repairs. Radio-
graphic comparison with the con-
tralateral knee demonstrated incon-
gruity on the Merchant and lateral
radiographs in 7 cases. Patients
with residual patellofemoral symp-
toms all had incongruity, but two
thirds of the patients with incon-
gruity were asymptomatic. There-
fore, despite the accepted recom-
mendations of accurate reestablish-
ment of the normal patellofemoral
articulation, articular incongruity
alone may not be the cause of per-
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Fig. 6 A, Neglected rupture reconstructed with a semitendinosus-gracilis autograft woven through the patella and tibial tubercle. B, Use
of a patellar tendon allograft, with attached patellar and tibial bone blocks, for end-to-end repair of a chronic rupture with inadequate
local tissue. C, Use of an external fixator made of two Steinmann pins and a Charnley clamp connecting the patella and tibial tubercle.
This may be added to prevent proximal patellar migration while protecting the reconstruction of a neglected rupture.

sistent anterior knee pain in
patients who undergo repair.

There are no large series evaluat-
ing the results of reconstruction of a
neglected rupture. lIsolated case
reports describing the use of various
reconstructive grafts have appeared
in the literature.182527 Again, it
appears that the most reliable indica-
tor of prognosis is the interval
between the injury and reconstruc-
tion. Patients who require preopera-
tive traction and the use of autoge-
nous or allograft tendon substitutes
may have a compromised result
compared with patients with suffi-
cient tissue for an end-to-end repair.1

Complications

Decreased quadriceps strength
and loss of full knee flexion are the
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most common reasons for a subop-
timal result after a patellar tendon
repair. These two complications
are associated more with the initial
injury than with the surgery itself.
To overcome this, an aggressive
postoperative rehabilitation pro-
gram emphasizing early range-of-
motion and quadriceps-strengthen-
ing exercises is recommended.
Closed manipulation under anes-
thesia may be considered if at least
120 degrees of flexion is not
obtained by 6 to 8 weeks postoper-
atively. Arthroscopic debridement
should be reserved for patients
who are capable of less than 15
degrees of passive extension de-
spite a focused rehabilitation pro-
gram. Quadriceps atrophy is noted
in many patients after acute repair

and in most patients after delayed
repair. Nevertheless, atrophy does
not appear to compromise the final
return of strength as measured by
subjective and objective evalu-
ation.1.2!

Complications of surgery are
relatively infrequent. A persistent
hemarthrosis necessitating either
aspiration or formal drainage occa-
sionally develops. This risk may
be reduced by the use of a closed-
suction drain postoperatively.
Wound infection or skin dehis-
cence may occur; when it does, it is
usually over the distal aspect of
the wound, where skin coverage is
thin. This complication can be re-
duced by placing the initial skin
incision lateral to the tibial tuber-
cle, where the skin is thicker and
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has a better vascular supply from
the underlying anterior compart-
ment musculature. There is also
less tension at the suture line after
skin repair.

Rerupture is occasionally seen in
patients who attempt to return to
running or jumping activities
before complete healing of the
repaired tendon.l Revision is usu-
ally successful in reestablishing
knee motion and strength, as long
as the repair is performed in a
timely fashion.

Wire breakage may occur
(often into multiple fragments) in
repairs that have been reinforced
with a cerclage wire. This often
necessitates removal because of
skin irritation and wire extrusion.
For this reason, nonabsorbable
suture, rather than wire, is recom-
mended as the reinforcing suture
material.

Patella baja may occur, with
resultant motion loss and the risk
of patellofemoral degeneration if
excessive tension on the sutures
causes inaccurate coaptation of the
tendon ends. Intraoperative lateral
radiographs obtained before final
suture tensioning will assist in
determining the optimal length of
the repaired tendon.

Summary

Rupture of the patellar tendon can
be a disabling injury in the active
person. It is most commonly
caused by a violent contraction of
the quadriceps muscle against the
fixed load of the patient’s body
weight with the knee in a flexed
position. Rupture is thought to
represent the end stage of a degen-
erative tendinopathy resulting
from repetitive microtrauma to the
fibers of the patellar tendon. In
patients with systemic diseases that
weaken collagen structure, rupture
often occurs during nonathletic
activities of daily living and may
be bilateral.

The hallmark of a patellar tendon
rupture on physical examination is
the patient’s inability to actively
extend the knee against gravity.
This finding, along with a painful,
palpable defect in the substance of
the tendon and demonstration of
patella alta on a lateral radiograph,
makes the diagnosis of this condi-
tion relatively straightforward.

Immediate surgical repair of the
ruptured patellar tendon is recom-
mended for optimal return of func-
tion. A Bunnell-type repair with
the use of heavy nonabsorbable
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sutures through transosseous tun-
nels with a reinforcing cerclage
suture is recommended for a secure
repair. Patients who present with a
neglected rupture occasionally
require preoperative patellar trac-
tion to overcome the contracted
quadriceps muscle so that reap-
proximation of the tendon ends is
feasible. In rare instances, autoge-
nous grafts or allograft tendons are
required to span the defect when
local tissue is unavailable. An ag-
gressive postoperative rehabilita-
tion program emphasizing early
knee motion, quadriceps strength-
ening, and sport-specific functional
rehabilitation will increase the like-
lihood of an excellent outcome
with full return to an active
lifestyle.

Outcome after repair has been
found to be most closely related to
the length of time between injury
and repair. Patients who undergo
an immediate repair usually
achieve a full return of knee motion
and quadriceps strength. Patients
who undergo a delayed repair have
been noted to have limitation of
knee flexion, quadriceps weakness,
and persistent quadriceps atrophy.
Nevertheless, reasonable function
can still be obtained in most cases.

References

1. Siwek CW, Rao JP: Ruptures of the
extensor mechanism of the knee joint.
J Bone Joint Surg Am 1981;63:932-937.

2. Webb LX, Toby EB: Bilateral rupture
of the patella tendon in an otherwise
healthy male patient following minor
trauma. J Trauma 1986;26:1045-1048.

3. El-Khoury GY, Wira RL, Berbaum KS,
et al: MR imaging of patellar tendini-
tis. Radiology 1992;184:849-854.

4. Frank C, Woo SY, Andriacchi, T, et al:
Normal ligament: Structure, func-
tion, and composition, in Woo SLY,
Buckwalter JA (eds): Injury and Repair of
the Musculoskeletal Soft Tissues. Park
Ridge, Ill: American Academy of
Orthopaedic Surgeons, 1988, pp 45-101.

Vol 4, No 6, November/December 1996

5. Arnoczky SP: Blood supply to the an-
terior cruciate ligament and support-
ing structures. Orthop Clin North Am
1985;16:15-28.

6. Scapinelli R: Studies on the vascula-
ture of the human knee joint. Acta
Anat 1968;70:305-331.

7. Huberti HH, Hayes WC, Stone JL, et al:
Force ratios in the quadriceps tendon
and ligamentum patellae. J Orthop Res
1984;2:49-54.

8. Zernicke RF, Garhammer J, Jobe FW:
Human patellar-tendon rupture: A
kinetic analysis. J Bone Joint Surg Am
1977;59:179-183.

9. Woo S, Maynard J, Butler D, et al:
Ligament, tendon, and joint capsule

insertions to bone, in Woo SLY,
Buckwalter JA (eds): Injury and Re-
pair of the Musculoskeletal Soft Tissues.
Park Ridge, Ill: American Academy
of Orthopaedic Surgeons, 1988, pp
133-166.

10. Nordin M, Frankel VH: Biomechanics of
the knee, in Nordin M, Frankel VH (eds):
Basic Biomechanics of the Musculoskeletal
System, 2nd ed. Philadelphia: Lea &
Febiger, 1989, pp 115-134.

11. Kelly DW, Carter VS, Jobe FW, et al:
Patellar and quadriceps tendon rup-
tures: Jumper’s knee. Am J Sports Med
1984;12:375-380.

12. Kannus P, Jézsa L: Histopathological
changes preceding spontaneous rup-

295



Patellar Tendon Ruptures

13.

14.

15.

16.

17.

296

ture of a tendon: A controlled study of
891 patients. J Bone Joint Surg Am
1991,73:1507-1525.

Giblin P, Small A, Nichol R: Bilateral
rupture of the ligamentum patellae:
Two case reports and a review of the
literature. Aust N Z J Surg 1982;52:
145-148.

Ismail AM, Balakrishnan R, Rajakumar
MK: Rupture of patellar ligament after
steroid infiltration: Report of a case.
J Bone Joint Surg Br 1969;51:503-505.
Kennedy JC, Willis RB: The effects of
local steroid injections on tendons: A
biomechanical and microscopic correl-
ative study. Am J Sports Med 1976;
4:11-21.

Emerson RH Jr, Head WC, Malinin TI:
Reconstruction of patellar tendon rup-
ture after total knee arthroplasty with
an extensor mechanism allograft. Clin
Orthop 1990;260:154-161.

Bonamo JJ, Krinick RM, Sporn AA:
Rupture of the patellar ligament after

18.

19.

20.

21.

22.

use of its central third for anterior cru-
ciate reconstruction: A report of two
cases. J Bone Joint Surg Am 1984;66:
1294-1297.

Takebe K, Hirohata K: Old rupture of
the patellar tendon: A case report.
Clin Orthop 1985;196:253-255.

Davies SG, Baudouin CJ, King JD, et
al: Ultrasound, computed tomogra-
phy and magnetic resonance imaging
in patellar tendinitis. Clin Radiol
1991;43:52-56.

Yu JS, Petersilge C, Sartoris DJ, et al:
MR imaging of injuries of the extensor
mechanism of the knee. Radiographics
1994;14:541-551.

Hsu KY, Wang KC, Ho WP, et al:
Traumatic patellar tendon ruptures: A
follow-up study of primary repair and
a neutralization wire. J Trauma 1994;
36:658-660.

Larsen E, Lund PM: Ruptures of the
extensor mechanism of the knee joint:
Clinical results and patellofemoral

23.

24.

25.

26.

27.

articulation. Clin Orthop 1986;213:150-
153.

Levy M, Goldstein J, Rosner M: A
method of repair for quadriceps ten-
don or patellar ligament (tendon) rup-
tures without cast immobilization:
Preliminary report. Clin Orthop 1987;
218:297-301.

Miskew DBW, Pearson RL, Pankovich
AM: Mersilene strip suture in repair of
disruptions of the quadriceps and patel-
lar tendons. J Trauma 1980;20:867-872.
Ecker ML, Lotke PA, Glazer RM: Late
reconstruction of the patellar tendon.
J Bone Joint Surg Am 1979;61:884-886.
Evans PD, Pritchard GA, Jenkins
DHR: Carbon fibre used in the late
reconstruction of rupture of the exten-
sor mechanism of the knee. Injury
1987;18:57-60.

Burks RT, Edelson RH: Allograft
reconstruction of the patellar ligament:
A case report. J Bone Joint Surg Am
1994,76:1077-1079.

Journal of the American Academy of Orthopaedic Surgeons



	Abstract
	Anatomy
	Biomechanics of the Extensor Mechanism
	Causes of Tendon Rupture
	Clinical Evaluation
	Classification
	Treatment
	Summary
	References
	JAAOS Home Page
	Table of Contents
	Search
	Help


