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ass of motion and knee
extension weakness are
recognized as significant
complications following
anterior cruciate ligament
(A<:L) reconstruction (3-5,7). Clinically, it is important to identify factors which facilitate return of
strength and range of motion (ROM)
following ACL surgery. It has been
shown that delaying surgery for 3 to
4 weeks following initial injury results
in a more rapid return of strength
and ROM postoperatively (9,13). Additionally, preoperative loss of m e
tion is associated with an increased
incidence of postoperative arthrofibrosis and subsequent patellofemoral
problems (3). Cosgarea et al suggested that surgery not be performed
until the "patient has achieved nearly
normal knee motion" following the
initial injury (3). Similarly, Newhouse
and Paulos suggest that "if a given
knee exhibits a pronounced inflammatory response, limitation to ROM
and significant quadriceps weakness
delaying surgery is indicated" (5).
At present, return to sports following ACL reconstruction has been
advocated as early as 4 to 6 months
postoperatively (10,14). Return to
sport is dependent on many factors,
including strength. ROM, joint stability, graft integrity, proprioception,
and functional capacity. It has been
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Loss of motion and knee extension weakness are recognized as significant complications
following anterior cruciate ligament (ACL) reconstruction. The purpose of this study was to
determine 1) what degree of preoperative motion loss represents a risk for postoperative motion
problems and 2) if preoperative weakness (deficit r 20%) affects return of strength following
surgery. Measurements of range of motion and strength were made on 102 patients (56 men, 46
women; age = 3 1 2 1 years) within 2 weeks prior to ACL reconstruction @reap) and repeated 6
months following surgery (postop). Thirteen of 40 patients (33%) lacking 25"preop, eight of 20
patients (40%) lacking 1-4" preop, and three of 42 (7%)patients with full extension preop had
25" loss 6 months postop (p < 0.001). Thirfy-two of 39 (82%)patients with normal strength preop
had weakness 6 months postop. Forty of 51 (78%)patients with preop knee extension weakness
still had weakness 6 months postop. Preop strength was not a good predictor of residual weakness
following ACL reconstruction. The magnitude of the preop extension loss appears not to be a risk
factor. It is the presence or absence of full extension equal to the contralateral leg that identifies
risk for postop problems regaining extension.

Key Words: dynamic strength, arthrofibrosis, anterior cruciate ligament, rehabilitation

'

Senior Clinical Research Associate, Nicholas lnstitute of Spom Medicine and Athletic Trauma, Department
of Orthopaedics, Lenox Hill Hospital, 130 East 77th Street, New York, NY 10021
Senior Staff Physical Therapist, Clinical Education Coordinator, Nicholas Institute of Spom Medicine and
Athletic Trauma, Department of Orthopaedics, Lenox Hill Hospital, New York, NY
Director of Research, Nicholas Institute of Spom Medicine and Athletic Trauma, Department of Orthopaedics, Lenox Hill Hospital, New York, NY
Associate Director, Nicholas lnstitute of Sports Medicine and Athletic Trauma, Department of Orthopaedics,
Lenox Hill Hospital, New York, NY

'

suggested that preoperative rehabilitation emphasizing strength and
ROM facilitates an early return to
sports following surgery (11). However, the role of preoperative ROM
and strength on loss of motion and
weakness following ACL reconstruction has not been specifically examined. The purpose of this study was
to determine I) what degree of preoperative motion loss represents a
risk for postoperative motion prob-

lems and 2) if preoperative weakness
affects return of strength following
surgery.

METHODS
Measurements of knee extension
ROM and strength were taken on
102 patients (56 men, 46 women;
age = 31 1 years) within 2 weeks
prior to ACL reconstruction (preop)
and repeated 6 months following sur-

+

Shirley, NY) at 60°/sec in the seated
gery (postop). An autogenous boneposition. Peak torque from two sets
patellar tendon-bone graft was used
on 96 patients, a patellar tendon all@ of three maximal knee extension acgraft on four patients, and a semiten- tions was recorded following three
sets of submaximal warm-up. If the
dinosus-gracilis graft on two patients.
All patients underwent single incision patient experienced pain during testendoscopic reconstruction performed ing, the test was deemed invalid and
not included in the data collection.
by the senior author. Fifty-eight patients had acute injuries (surgery 5 2 Knee extension strength is reported
as percent deficit: [(uninvolvedmonths from injury, range = 2
weeks-2 months). Only one patient
involved)/uninvolved] X 100. Based
on the criteria of Sapega, a strength
had surgery within 4 weeks of injury.
deficit of 20% was used for identi5Thirteen patients had subacute injuries (2 months < surgery < 6 months ing weakness (8).
from injury). Thirty-one patients had
chronic injuries (surgery 2 6 months
from injury, range = 6 months-18
Chi-square analysis and Fisher's
years).
Fifty patients had meniscal paexact tests were used to compare catthology (25 medial, 10 lateral, 15
egorical groups based on ROM and
strength. The effect of chronicity of
combined). Twelve patients had siginjury on strength and ROM was
nificant arthritic changes (grade 111
tested by a 2 X 3 chi-square (preop
or IV chondromalacia: eight medial
vs. postop; acute vs. subacute vs.
compartment, one lateral compartchronic).
ment, one patellofemoral compartment, one medial and lateral compartment, one medial and patell*
RESULTS
femoral compartment). Thirteen patients had mild arthritic changes
Range of Motion
(grade I or I1 chondromalacia).
Patients were divided into three
Twentyeight patients had collateral
groups based on preop knee extenligament involvement [medial collatsion ROM to determine if 5" loss of
eral ligament: 18 ( + I ) , 8 (+2), 1
(+3); lateral collateral ligament: 1
extension could be used as a threshold for detecting patients at risk of
(+2)1.
All patients were rehabilitated
developing knee extension ROM
following the same protocol, with reproblems postop. Group 1 ( N = 42)
was patients with full extension equal
turn to sports projected at 6 months
to the contralateral knee preop;
(Table 1). Patients generally waited
Group 2 ( N = 20) lacked 1-4"
for the &month evaluation before
preop; and Group 3 ( N = 40) lacked
returning to sports.
25" preop. Postop loss of extension
Knee extension ROM was meawas significantly greater in Group 2
sured goniometrically in supine with
and Group 3 compared with Group 1
the feet elevated and resting on a
(Table 2). Thirteen of 40 patients
bolster. In this position, accurate determination of hyperextension is pos- (33%) lacking 25" preop, eight of 20
patients (40%) lacking 1-4" preopersible. The greater trochanter, lateral
atively, and three of 42 (7%) patients
joint line, and lateral malleolus were
with full extension preop had 25"
used as landmarks. The same tester
loss 6 months following surgery.
performed preop and postop measurements. Knee extension ROM is
Two patients had arthroscopic
reported as the difference between
debridement for arthrofibrosis prior
the involved and uninvolved knees.
to the &month evaluation and one
Knee extension strength was
patient had an arthroscopic debridemeasured isokinetically (Biodex,
ment following the &month evalua-

tion. All three patients lacked extension preoperatively (-4", -9". - 10").
Postop loss of extension in the other
patients was treated conservatively
with patellar mobilization, prone
hangs, biofeedback in terminal extension, and muscle stretching.

Strength
Overall knee extension strength
deficit was significantly greater following ACL reconstruction (24 2%
preop; 33 + 2% postop; p < 0.01).
Strength measurements on one patient preop and l l patients postop
were not recorded due to knee pain
during testing. Patients were divided
into two groups based on preop knee
extension strength deficit: normal
(deficit 520%); weakness (deficit
220%). Thirty-two of 39 (82%) patients with normal preop strength
had weakness 6 months postop. Forty
of 51 (78%) patients with preop knee
extension weakness still had weakness
6 months postop (p = 0.8). Of the 11
patients with pain during testing at 6
months, four had normal preop
strength and seven had preop weakness.

+

Chronicity of Injury
Patients with acute injuries had
significantly greater loss of extension
preop than patients with chronic injuries ( p < 0.05) but not 6 months
following surgery (p = 0.3). Patients
with acute injuries had significantly
lower knee extension strength preop
(p < 0.01) and tended to be weaker
6 months following surgery (p =
0.06). Meniscal pathology, collateral
ligament involvement, or arthritic
changes did not significantly affect
strength and ROM following surgery.

DISCUSSION
Range of Motion
It is generally accepted that patients lacking extension ROM prior
to ACL reconstruction will have diffiVolume 27 Number 6 June 1998 JOSPT
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lay 1 to Week 2
Continuous passive motion 4 hours per day; increase range of motion as tolerated. Discontinue when 0-1 10".
Weight bearing as tolerated with crutches.
Drop lock knee brace in locked position except when exercising. Remove brace for exercising and continuous passive motion.
Passive range of motion per patient tolerance; 0-135'.
Supine and prone sustained extension stretching. Never put anything under the knee.
Wall slide.
Seated hamstrings (carpet drags).
Stationary bicycle.
Isometric quadriceps contraction in completelsupported extension: biofeedbacklelectricalstimulation.
Straight leg raise without extension lag.
Electrical stimulation for quadriceps at 90".
Quad and hamstrings co-stimulation/co-contraction at 45".
Isometric quadriceps contractions at 90".
Hamstring curls.
Hip progressive resistance exercise with resistance above the knee.
Patella mobilization: proximal/medial/lateral.
Modalities to decrease swelling and pain.
S~ortscord: knee flexion.
Flexibility exercises; hamstrings, quadriceps, gastrocsoleus, iliotibial band, and hip flexors.
Airdyne and UBE aerobic program.
Upper body and midbody strengthening program.
Veek 2
Continue with the above program.
Discontinue crutches per patient tolerance. Maintain full extension of knee at heel strike.
Eagle hip flexion, hip abduction, hip adduction.
BAPS and Anklizer partial weight bearing.
Bilateral "minisquats" (0-40) with trunk flexion, 45-60" progress with less trunk flexion.
0 Leg press.
Toe and heel raises.
Veek 3
Unlock brace for sitting. Moniter for loss of extension. Continue brace locked in extension for sleeping.
Leg press.
Walking on heels.
Veek 4
Unlock brace for ambulation. Moniter for loss of extension. Can discontinue brace at night if extension is maintained.
Wall sits.
Veek 6
lsokinetic quadriceps 100-500 with resistance at tibia1 tubercle.
BAPS and Anklizer full weight bearing.
Kinetron and Stairmaster as tolerated.
Bilateral "semisquats" (0-80) with trunk flexion 45-60".
Progress above with less trunk flexion.
Aqua jogger program with wet vest.
Veek 8
r Full arc quadslsokinetic program, progress as tolerated. Moniter patellofemoral area.
Manual muscle test with knees extended (hip abduction and hip flexion).
r Unilateral "minisquats" (0-40).
Progress to semisquats.
Veek 12
Profitter.
r Rollerblading and ice skating as tolerated. (Check with physician, may need anterior cruciate ligament orthosis).
Plyometrics program.
Joggingstraight ahead when 70% quadriceps strength is reached (at 60°/sec).
Jumping rope.
Lunges sidewaydforward.
Veek 12-16
Jogging program.
Veek 20
Cutting.
Agility drills and sports-specific training.
Veek 26
Advance to full sports activities as tolerated. No brace if <4 mm side-to-side difference.
TABLE 1. Nicholas Institute of Spom Medicine and Athletic Trauma rehabilitation guidelines for arthroscopicallv assisted ACL reconstruction.
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* Group 1 significantlv diiierent irom Group 2; Fisher's exact test, p < 0.05.

Group 1 signiiicantly ditterent from Group 3; Fisher's exact test, p < 0.01.
Group I = Patients with knee extension range of motion equal to the contralateral knee preop.
Group 2 = Patients with 1-4' loss of extension relative to the contralateral knee preop.
Group 3 = Patients with 25O loss of extension relative to the contralateral knee preop.

TABLE 2. Effect ofpreoperativeknee extension range of motion on motion loss 6 months following anterior
cruciate ligament reconstruction.

culties regaining motion postoperatively (3.5). The present data support
this opinion and provide a basis for
identifying patients at risk. Cosgarea
et al used a 10" preop loss of extension as a threshold for identifjhg
risk for postoperative arthrofibrosis
(3). The clinical implication of their
findings was that surgely not be performed until the "patient has
achieved nearly normal knee motion"
following the initial injury. However,
the data from the present study indicate that gaining "nearly normal knee
motion" preoperatively does not significantly reduce the risk of postoperative problems regaining motion. Patients lacking 1-4" preoperatively did
just as poorly as patients lacking 2 5 "
preoperatively (Table 2). Three of 42
patient? (7%) with full extension preoperatively had 25" loss 6 months
following surgery. Twenty-one of 60
(35%) patients lacking full extension
preoperatively had 25" loss 6 months
following surgery ( p < 0.01 ). The
magnitude of the preoperative extension loss appears not to be a risk factor. Preoperatively, it is the presence
or absence of full extension equal to
the normal contralateral leg that
identifies risk for postoperative problems regaining extension. The relative risk of a postoperative extension
loss 2 5 " was five times greater in patients with any extension loss p r e o p
eratively.
On a case-bycase basis, standard
goniometric measurements lack the
sensitivity to accurately detect ROM
to 1" (2). However, with a large sam-

ple size (102 patients in the present
study), the effect of measurement
error can be minimized. Clinically, it
is easier to determine that a patient
has an extension loss than to accurately determine the magnitude of
that loss. Based on these results, it
may be helpful to use measurement
techniques that can more accurately
determine symmetrical knee extension ROM such as the heel height
test (7).

Strength
Residual knee extension weakness is a significant complication following ACL reconstruction and is
associated with functional limitations
(1,6,7). Patients in the present study
had a 33% knee extension strength
deficit (tested isokinetically at
60°/sec) 6 months following surgery.
These results are comparable to Wilk
et al who reported a deficit of 27%
(tested at 180°/sec) 6 months following surgery (15). The slow test speed
used here increased the ability to detect patients with impairments in the
involved knee extensors. Testing at
60°/sec compared with 180°/sec increases patellofemoral compression
and increases the likelihood of pain
during testing. Twelve patients reported pain during testing.
Preoperative knee extension
strength was not a good predictor of
strength 6 months following surgery.
This suggests that the surgery and
immediate postoperative disuse pri-

marily contributed to the residual
knee extension strength loss. Factors,
such as surgical procedure, use of a
tourniquet, postsurgical effusion, decreased weight bearing, and use of a
drop lock knee brace, may have contributed to the knee extension weakness in the patients in this study. Interventions which limit strength loss
following surgery need to be studied.
For example, greater use of neuromuscular stimulation may have been
beneficial in the patients in this study
(12).
It was not within the scope of
this study to address functional recovery following ACL reconstruction.
Knee extension strength is not a measurement of functional recovery. Patients may have a full functional recovery despite residual knee
extension weakness. However, these
patients may be at an increased risk
for future patellofemoral problems
(7).

SUMMARY
Preoperatively, it is the presence
or absence of full extension equal to
the contralateral leg that identifies
risk for postoperative problems regaining extension ROM. However,
preoperative knee extension weakness does not represent a risk for developing residual weakness following
ACL reconstruction. Additionally, it
was clear that patients with acute injuries had greater preoperative weakness and loss of motion.
It was not within the scope of the
present study to examine the role of
preoperative physical therapy for
ACL reconstruction. However, with
specific reference to ROM and
strength, preoperative physical therapy may be indicated for patients
with acute injuries. Additionally, aggressive, immediate postoperative
physical therapy is indicated for patients who undergo surgery despite
loss of full extension.
JOSPT
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