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Abstract

This paper describes the postoperative rehabilitation
of the arthrofibrotic knee, with specific emphasis on
modern rehabilitation techniques. The significance of
prevention and early recognition is discussed. The
importance of early motion and pateilar mobility is
emphasized and specific exercises to prevent and
treat stiffness are described. Continuous passive
motion, bracing, and exercise—on the stationary
bicycle, on the treadmill, and in water—are adjuncts
in the program. Strengthening is added when motion
is re-estabiished and there is no swelling or pain.
Sport-specific activities are added if progress is sat-
isfactory and motion is maintained. If pain, swelling,
or stifiness develops, exercises should be discontin-
ued. Modalities such as cryotherapy, uitrasound,
electrical stimufation, rest, and manipulation can be
used judiciously. Anti-inflammatory and analgesic
medications should be used to pravent inflammation,
to control pain, and to allow more aggressive rehabii-
itative exercises.

: ehabilitation of the arthrofibrotic knee is
: Ramong the toughest challenges in orthopedics.
Care must be coordinated appropriately to
achieve optimum results. Arthrofibrosis is a process
that occurs when diffuse scar tissue or fibrous adhe-
sions form within or about a joint.! In the knee, such
periarticular scarring can occur as a localized or a
global process that can restrict flexion, extension, or
patellofemoral mobility. Fibrosis of the suprapatellar
pouch, as well as the medial and lateral gutters, is typ-
ical. The scarring may also occur in the anterior com-
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partment and frequently in the posteromedial and pos-
terolateral joint capsule. A thickened, fibrotic capsule
ts characteristic and, in its most severe forms, can
completely prohibit joint motion.

Sprague and colleagues® were among the first to
describe the phenomenon of arthrofibrosis in the
knee. Since that time, several reports®” have discussed
the clinical outcomes after both arthroscopic and open
surgical treatment. Millett and colleagues’ recently
reported good outcomes after open surgery and
aggressive rehabilitation in a series of patients with
profound motion loss of the knee secondary to
advanced arthrofibrosis.

Arthrofibrosis can be caused be a variety of factors,
such as prolonged immobilization, infection, or graft
malposition after ligament reconstruction.!® Histori-
cally, anterior cruciate ligament (ACL) reconstruction
has been the major culprit, although there are many
other situations in which arthrofibrosis may occur.
Fortanately, a better understanding of the causes has
led to improved prevention strategies and earlier
recognition, which has resulted in a decrease in both
the incidence and the sequelae of arthrofibrosis.
Because arthrofibrosis can be so difficult to treat, pre-
vention is clearly the best approach. Appropriate sur-
gical indications, surgical techniques, and
rehabilitation can decrease the incidence. These topics
are discussed elsewhere in the literature.?

When arthrofibrosis does develop, it needs to be
recognized early and treated appropriately.® Physi-
cal therapy and rehabilitation are essential to a good
outcome. Currently, there are no reports that deal
specifically with the rehabilitation of the arthrofi-
brotic knee. Therefore, the purpose of this paper is
to discuss this topic, emphasizing modern rehabili-
tative techniques.

Initial Management

Prevention and Early Detection

Primary prevention of arthrofibrosis is the best man-
agement strategy. For knees with ACL injuries,
arthrofibrosis can be prevented by avoiding surgery
when the knee lacks full motion, by using proper sur-
gical technique with meticulous graft placement and’
avotdance of bleeding, and by instituting an early and
appropriate rehabilitation program.23
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When motion problems do occur, early detection
allows for the prompt intervention that can decrease
long-term morbidity. In the immediate postoperative
period after any knee surgery, but particularly after liga-
ment reconstruction, monitoring knee motion is critical,
We systematically assess both flexion and extension and
compare motion with that of the eninvolved, contralat-
eral side. By serially measuring prone heel hangs, or
having a 2-week goal of full extension and 120° of flex-
ion, we can defect motion problems early and modify
our rehabilitation program accordingly. In patients with
arthrofibrotic knees who are treated surgically, we also
carefully monitor knee motion and its progression. In
this way, we can alter our physical therapy, bracing, and
other modalities as needed.

Patellar mobility is important for proper knee func-
tion, and loss of this mobility is invariably involved
in arthrofibrosis. We always examine the mobility of
the entire extensor mechanism—the patella, the
patella tendon, and the quadriceps tendon.
Decreased mobility, in either the medial-lateral

, direction or the superior-inferior direction, can lead

to patellofemoral overload with pain and poor out-
comes. Scarring and adhesions in the anterior inter-
val (pretibial recess) or suprapatellar pouch will
increase patellofemoral contact forces, alter
patellofemoral tracking, and cause pain.*'®

When motion loss is detected, a careful systematic
evaluation should help establish the correct cause,
allowing for targeted treatment. Magnetic resonance
imaging (MRI) may assist in evaluating the soft tis-
sues; often, an ACL nodule, fat pad scarring, or adhe-
sions can be noted. Suprapatellar scarring can be felt
on exam and seen on MRI as the suprapatellar pouch
becomes compartmentalized and abnormally short-
ened. This leads to a decreased excursion of the exten-
sor mechanism and patellar entrapment. Patellar
height should also be assessed. By carefully measur-
ing patellar height both on exam and with radi-
ographs, patella baja may be detected.

Other potential causes of motion loss after recon-
structive knee surgery include an ACL nodule or
reflex sympathetic dystrophy. By palpation, the exam-
iner may be able'to detect the subtle crepitus or
“clunk™ of an ACL nodule.'* The clinician should be
alert for the possibility of reflex sympathetic dystro-
phy in patients who develop pain out of proportion to
the diagnostic maneuvers, allodynia, or trophic or
sudomotor changes.'?

Early recognition and intervention are essen;‘ial to
prevent the sequelae of arthrofibrosis, which include
patella baja and progressive joint degeneration. Noyes
and colleagues' found that by placing patients with
early motion problems into an aggressive rehabilita-
tion program that included serial casting and aggres-
sive motion exercises, outcomes could be improved.
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Surgical Management

‘ Arthroscopic or Open?

A detailed description of the specific techniques of suz-
gical treatment for arthrofibrosis can be found else-
where in the literature 367.14-16 'Briefiy, to outline our
approach, we treat the majority of patients who develop
arthrofibrosis with an arthroscopic procedure, distend-
ing the capsule and releasing scar tissue, adhesions, and
other surgically correctable lesions.'>!¢ Particular atten-
tion is paid to mobilizing the extensor mechanism by
re-establishing the suprapatellar pouch, releasing the
medial and lateral retinacula, maintaining the pretibial
recess, and inspecting the notch for impingement,
Restoring mobility to the extensor mechanism is key to
decreasing anterior knee pain and to restoring knee
function. In certain instances in which the motion loss
is severe, open releases may be necessary to accom-
plish this goal.™* A systematic 9-step evaluation to the
surgical management of the arthrofibrotic knee should
be undertaken (Table).* Whenever surgery of the
arthrofibrotic knee is undertaken, an appropriate reha-
bilitation and pain management protocol must follow in
order to achieve optimal results. '

The Role of Manipulation
In certain instances, such as in those patients with rel-
atively mild involvement, a nonoperative approach
can be initiated. This consists of physical therapy and
possibly a manipulation of the knee under anesthesia.
Although manipulation under anesthesia can be used
to improve motion in the arthrofibrotic knee,”® we
generally recommend an arthroscopic release to liber-
ate the tight capsular tissues and to remove’
adhesions.”” We believe surgical intervention can
address the cffending contracted tissues more pre-
cisely, helping to avoid collateral damage and mini-
mize bleeding. To our knowledge, there is no data that
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specifically addresses the timeframe during which a
manipulation would be most effective. Qur experience
treating patients with postoperative or posttraumatic
arthrofibrosis indicates that immature scar tissue can
be successfully broken up by manipulation but that
mature scar tissue cannot. Exactly when scar tissue
becomes mature is a subject of contention; we esti-
mate the timeframe to be 3 to 4 months.

Because of the unpredictability and danger of
manipulation, we rarely, if ever, perform an isclated
manipulation in a chronically stiff knee. Instead, we
prefer a more controlled surgical release, and this can
usually be accomplished arthroscopically. Forceful
manipulation of the stiff knee can create excessive
joint compression leading to articular cartilage dam-
age or even fracture. '

Other authors, however, have reported manipulation to
be a successful and useful adjunct. Dodds and colleagues's
reported the results of anipulations of 42 knees with per-
sistent flexion or extension deficits after infra-articular
ACL reconstructions. At manipulation, average flexion
increased from 93° to 136°, and average extension from
11%t0 3°. At final follow-up, average flexion was 127° and

. average extension was 4°. Final range of motion {(ROM)

was not affected by time to manipulation, severity of flex.
ion deficit, or concomitant arthroscopic débridement of
adhesions, However, knees with pre-manipulation exten-
sion deficits of greater than or equal to 15° achieved sig-
nificantly Iess final extension than knees with lesser
pre-manipulation deficits. The authors concluded that
manipulations were a safe and effective method for
improving both flexion and extension in knees that had
restricted motion after ACI reconstructions.

Our use of manipulation is summarized in the
box below.

-
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Analgesia and

Anti-inflammatory Medications
After surgery, pain controt is essential, as it allows

rehabilitation to begin without undue discomfort.
Analgesia may be achieved with oral or injectable
opioids, but in many cases we prefer to utilize
indwelling epidural catheters for a few days postopet-
atively.” This permits total analgesia and allows for
IMore aggressive motion exercises. Collaborating with
pain management specialists or anesthesiologists is
often helpful. We also advocate the use of anti-inflam-
matory medications in conjunction with epidural anal-
gesia in the immediate postoperative period. We
routinely use nonsteroidal anti-inflammatory drugs
and, in severe cases, may consider a short course of
intravenous corficosteroids.’ :

Rehabilitation

Early Motion

Early motion is key for the successful rehabilitation
of the postoperative arthrofibrotic knee. We have
known for some time that prolonged immobilization
has detrimental effects on periarticular cartilage,
bone, and soft tissues and can lead to motion foss.®
Therefore, modern rehabilitation programs have
stressed early motion and weight-bearing, resulting'
in fewer motion problems and better outcomes, (9%
Several researchers®?! have shown that patients
recovering from ACL reconstruction who participated
in early motion and weight-bearing had a decreased
incidence of motion loss and regained extension more
quickly. We also advocate early motion after surgery
for knee arthrofibrosis. Poor rehabilitation, whether
due to lack of motivation or lack of instruction, will
adversely affect the ultimate outcome.

While knee ROM varies from individual to individ-
ual, most normal knees have some degree of hyperex-
tension (average, 5° in males, 6° in females), 2223
Hyperextension not only allows the normal “screw
home” mechanism to occur but also permits the
quadriceps to relax during stance phase. Normal knee
flexion is approximately 140° in men and 143° in
women,” and while small flexion deficits typically do
not alter gait, most readily notice a unilateral or asym-
metric loss of flexion, particularly those involved in
running or jumping sports, :

Our motion goals are determined at the conclusion
of surgery for knee arthrofibrosis. Although restoring
full motion is the ultimate goal; avoiding damage to
the quadriceps and patellar tendons is also crucial.
Passive ROM can be done by wall slides, by seated
flexion and extension exercises, by prone flexion
exercises, or by heel shides. Hamstring and calf mus-
cle strengthening is also performed to stretch the pos-
terior capsule and soft tissues. To encourage knee
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extension, we instruct patients to prop up their heels
when resting supine or to hang their legs off the table
when resting prone, Although full motion is the goal,
excessive or overly aggressive passive motion can
trigger an inflammatory response that actually
increases pain and leads to new adhesion formation.

Based on our experience, we recommend passive
ROM exercises 3 to 4 times daily, for approximately
15 to 20 minutes per session. We use the contralat-
eral limb as a reference and aim to achieve full
extension by 2 weeks. Passive ROM exercises
should be performed in conjunction with muscle re-
education techniques for the quadriceps muscle
group. Straight leg raises and isometric quadriceps
exercises are also utilized.

Patellar mobility may be the most important aspect
of rehabilitation (Figure 1). In a cadaveric study,
Ahmad and coworkers’® showed an increase in
patellofemoral contact pressure in knees with quadri-
ceps or patellar tendon adhesions. Thus, patellar
mobility exercises are performed in all planes of
motion (mediclateral and superoinferior), 5 to 6 times
daily for 5 to 10 minutes each session. Manual mebi-
lization by a therapist, friend, or family member is
more effective than patient-directed exercises, as it is
easier for the patient to relax the quadriceps. Mobiliz-
ing the soft tissues of both the guadriceps and patellar

tendons is critical to restoring normal extensor mobil-

ity and ultimately to restoring normal knee function.
Adjuncts

Continuous Passive Motion

The benefits of continuous passive motion (CPM) on
"cartilage metabolism have been known for some
time.?? Therefore, we routinely use CPM in the
rehabilitation of the arthrofibrotic knee. CPM is not
only beneficial to the cartilage but also keeps the soft
tissues supple and loose. The clinician must remerm-
ber, however, that CPM promotes flexion but is less
effective in promoting extension. Patients are placed
in a CPM machine immediately after surgery and
are sent home with a machine for the first 2 weeks
postoperatively (to use for approximately 6 to §
hours daily).

Bracing
‘When bracing is needed to maintain extension, the
knee should be splinted in full extension. Terminal
knee extension restores normal mechanics apd func-
tion, as small losses of extension lead to increased
quadriceps activity and significantly increased
patellofernoral contact stresses. When extension brac-
ing is necessary, we advocate alternating between
periods of bracing and periods of motion. Passive
motion, both manually with the therapist and pas-
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Figure 1. Extensor machanism mobifizations. These exercises
are performed 5 to 6 times dally for 5 to 10 minites each ses-
sicn and are critical to restoring normal extensor function. Man-
uat therapy by a therapist, friend, or family member permits
better quadriceps relaxation and more effective mobilization.
{A) The patella is mobilized in all planes, medio-lateral and
supero-infero, as well as tilted. (B} The patellar tendon is mobi-
lized medially and iaterally. (C) The quadriceps tendon is manu-
ally mobilized.

sively with a CPM machine, will help to prevent new
adhesions from forming.”™?’ There are no specific
reports on the effects of bracing or brace position on
outcome; however, one retrospective analysis of con-
secutive patients who underwent ACL reconstruction
repoited a 23% incidence of motion problems when
patients had their leg braced at 45° and immobilized
for 1 week, compared with only a 3% incidence of
motion problems when patients were braced in full
extension and had motion started within 24 hours.”
When a brace is needed to mainfain extension, a
variety of options exist, such as dynamic splints, cus-
tom drop-fock orthoses,” extension casts, or custom
braces. We currently use the JAS® brace (Joint Active
Systems, Effingham, 1L), which is a static progressive
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splint that applies a series of increasing incremental
displacements over a constant period-of time.”” This
method theoretically causes plastic deformation of the
soft tissues by the displacement, which the brace then
maintains. The brace is used 2 to 3 times daily for 30

minutes, and.the patient is instructed to increase the

stretch every 5 minutes. _
While many brace options exist, they nevertheless
must be used properly. Improper use can cause excess
compressive loads on the chondral surfaces, leading to
unnecessary cartilage wear and joint degradation.

Stationary Bicycle

The stationary bicycle is utilized for restoring normal
joint kinematics, soft tissue mobility, and muscle re-
education. The bicycle has classically been used to
increase ROM. We have also found the repetitive
motion of the bike helpful to loosen and mobilize the
soft tissues. We set the seat height so that patients
have approximately 10° of knee flexion at the bottom
of the pedal stroke.

While the bicycle may be introduced in the first
postoperative week, often we delay its use until
postoperative day 14 to decrease the incidence of
swelling or joint irritation. In most cases, patients
spin without any resistance for the first 6 weeks.
After 6 weeks, patients are permitted to increase the
revolutions per minute and to add resistance, pro-
vided there is no loss of motion, sign of heat, or
swelling. At approximately 3 months postopera-

‘tively, advanced speed intervals can be utilized for

low-load strengthening.

Treadmill

The treadmill can be used to improve cardiovascular
and muscle endurance and is introduced as early as |
week postoperatively. A 7% to 12% incline minimizes
patellofemoral contact stresses and is beneficial to the
soft tissues and muscles of the knee.?® At 6 weeks,
backward treadmill walking can be added. This is an
excellent exercise for quadriceps conditioning that
places relatively low stress on the patellofemoral
joint, Time spent walking backwards can be increased
every 2 weeks as tolerated by the patient.

Aquatheraby _
Deep water jogging is begun when the surgical inci-

sions have healed. [From weeks 2 to 6, deep water Tun-
ning in a fashion that mimics jogging is done 2 to 3
days per week, for 20 to 30 minutes per session. At 6
to 8 weeks postoperatively, aguatherapy can be
advanced by the addition of training fins that increase
resistance. The patient performs a. ‘flutter kick’ and
uses a kickboard to help isolate the lower body. We
have found the flutter kick to be particularly useful
and safe for the patellofemoral joint.
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Figure 2. Elastic resistance exercises. An elastic resistance cord
is used to perform each of these exercises. The patients initially
start with high repetitions and low resistance to build endurance.
Over time, resistance can be increased by altering the cord.

{A) The dotible knee bend, a closed-chain exercise that
strengthens both the quadriceps and hamstring muscle groups.
Notice that the patient doas not bend more than 30°-40° to
decrease patellofemoral contact stresses, (B) The “carpet drag,”
which strengthens the hamstring muscles. {C} The seated leg
prass, which strengthens the quadriceps muscle group.

Elastic Resistance Strengthening
The first phase of strengthening is started with elastic
resistance exercises, concentrating on high repetitions
with moderate resistance.®® Qur goal is maintaining
mobility while regaining strength and endurance. The
first 3 exercises are the double knee bend, the “carpet
drag,” and the leg press (Figure 2). More advancéd
exercises such as forward or backward jogging, single
knee bends, and side-to-side lateral agility can be
added as tolerated. If proper knee mobility is main-

tained, advanced strength exercises are performed to

increase the load on the muscle. Any exercises that
cause stiffness or swelling in the knee joint or exten-
sor mechanism are immediately discontinued.
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Modalities
Cryotherapy
Cryotherapy is & simple and successful means to con-
trol swelling, pain, and inflammation.®32 Jce can be
used liberally after each exercise session and as
needed when not exercising. Our protocol is 20 min-
utes “on,” with at least I hour between sessions.

Ultrasound _

Ultrasound has been shown to increase the elasticity
of soft tissues,* which may be beneficial in sup-
pressing scar tissue formation. This can be used as
early as 2 weeks postoperatively.

Electrical Stimulation
Electrical stimuiation can be used for swelling reduc-
tion and muscle re-education.?® Inn severe cases of
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arthrofibrosis, the quadriceps muscle may be shut
down due to excessive scarring or swelling. An exter-
nal electrical stimulation device may be indicated in
such instances. A variety of cumrents can achieve an
adequate muscle contraction.

. When Motion May Do Harm
In certain nstances, rest and observation are the best

R 3
methods of treatment for the stiff knee.

The “Hot Knee”
A knee that is acutely inflamed with soft-tissue

swelling and loss of motion, the so-called “hot knee,”
shouid not be treated forcefully. Rest, ice, and anti-
inflammatory agents are necessary to avoid further
inflammation and motion loss., This can occur after
any surgical or traumatic insult o the knee.
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‘In such knees, tissue injury has led to the release of
‘“cytokines and growth factors that resul in inflaromation,

scar tissue formation, fibrosis, and joint contractures.
Active manipulation at this time will only accelerate the
process. When a “hot knee” develops, only gentle active
and passive ROM exercises are permitted. Forceful
extension and flexion are avoided altogether.

: Reflex Sympathetic Dystrophy
Knees that have developed or are in the process of

developing reflex sympathetic dystrophy (RSD)
should also be handled with care. Unlike the “hot
knee.” which is caused by inflammation, RSD has a
poorly defined neurogenic cause. Pain out of propor-
tion to the stimulus, affodynia, and skin changes are
common features. RSD can cause stiffness from
swelling, which is usually extra-articular or from
increased sensitivity to pain. Gentle and appropriate
rehabilitation can hasten recovery while overzealous
or aggressive treatment may only exacerbate the
underlying complex regional pain syndrome. Recog-
nition is key. The management of such knees, how-
ever, is beyond the scope of this paper.

Myositis

Another uncommon cause of motion loss is myositis,
which can be severely disabling owing to pain and
stiffness. In suspected cases, radiographs should be
carefully reviewed for soft tissue calcifications, which
may be seen as early as 6 weeks after injury but often
require 3 months or more to develop. If calcifications
_are noted, aggressive attempts at restoring motion
should be avoided. With time, the soft tissue insult
will clear and motion will return. However, pain can
persist over the calcified area for months. On occa-
sion, extensive periarticular calcifications can result in
severe loss of motion, and surgical excision and
release may be indicated.

Summary
Rehabilitation of the arthrofibrotic knee is among the

most difficult challenges in orthopedics. Physical
therapy is usually a first-line approach to any postop-
erative problem with motion about the knee and is
essential after surgical treatment of the arthrofibrotic
knee. In this paper, we have outlined our standard
protocol for the postoperative rehabilitation of the
arthrofibrotic knee. '

The first step is to recognize and diagnose arthrofi-
brosis accurately. Then, a rational approach that
focuses on maintaining and regaining motion can be
implemented. In the early postoperative period we
stress ROM exercises and patellar mobility. We utilize
the CPM machine, gentle manipulation, and the sta-
tionary bike as rehabilitative aids, We avoid stimulat-
ing inflammation and are careful to rest the “hot
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knee If increased swelling, inflammation, or pain
occus, it is best to rest the knee and allow this phase to
pass. Ice and anti-inflammaiory agents are used liber-
ally to plevent inflammation and to provide analgesia,
Once motion is established, we slowly begin strength-
ening thh elastic resistance exercises, aqua jogging,
and the treadmill. Eventually we allow spori-specific
rehabilitation and a return to full activities,
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