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Effects of Injury and Reconstruction
of the Posterior Cruciate Ligament on
Proprioception and Neuromuscular Control
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deficits have b ing anterior cruciate liga-
ment (ACL) disruption, but little research exists evaluating proprioception in
the posterior cruciate ligament (PCL)-deficient and/or —reconstructed knee.
We have studied proprioception in PCL-deficient and PCL-reconstructed knees.
The following summarizes our protocol and results of proprioceptive testing
of kinesthesia and joint position sense in participants with isolated PCL inju-
ries and those who underwent PCL reconstruction. We studied 18 participants
with isolated ruptures of the PCL and 10 participants who underwent PCL
reconstruction. Proprioception was evalualed by two tests: the threshold to
detect passive motion (TTDPM) and the ability to passively reproduce passive
positioning (RPP). These assess kinesthesia and joint position sense, respec-
tively. We have shown that isolated PCL deficiency in the human knee does
result in reduced kinesthesia and enhanced joint position sense. Thus, the prop-
rioceptive mechanoreceptors in the PCLdo appear to have some runcuon We
further found that PCL improved ki at
45° of knee flexion, while 110° was not significantly different between the
involved and uninvolved knee in both studies.
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Our current understanding of the posterior cruciate ligament (PCL) lags be-
hind that of the ACL by 10 years. Many reasons for this exist, including greater
difficulty in making the correct diagnosis, infrequency of isolated injury to the
PCL, and the presumed benign course following PCL injury. As such, previous
research has concentrated on more common knee ligamentous injuries such as the
medial collateral ligament (the most commonly injured knee ligament) and ante-
rior cruciate ligament (the ligament most commonly injured resulting in residual
pathological laxity). PCL injuries are being recognized more frequently, stimulat-
ing interest in the biomechanics of this ligament as well as the biomechanical and
neurosensory contribution of this ligament to knee funcuon Thls is particularly
true in light of the known and ions of the ante-
rior cruciate ligament (ACL) in knee function. Further, the natural history, treat-
ment, and techniques of reconstruction of the PCL are topics of great debate at this
time. Critical analysis of the documented clinical results after different treatment
protocols (includi perative) has been i by pa-
tient populations, and the lack of uniform criteria to assess and document the re-
sults of treatment has resulted in this debate and controversy.

One of the main reasons for controversy about the treatment of isolated pos-
terior cruciate ligament (PCL) injuries is the unclear fate of the isolated PCL-
injured knee. Many authors and surgeons note that often patients function well,
even in high level sports, with a tom posterior cruciate ligament. This is in direct
contradistinction with the ACL-injured knee. The reason for this difference is not
clear, as the PCL is a larger and stronger ligament as compared with the ACL.

For years, knee surgeons have postulated that the sensory loss associated with
ACL injury may affect the results of ACL repair and reconstruction (2, 7, 34). DuToit
(20), Insall and coworkers (31), and others (36, 42, 48) have all advocated certain
reconstructive techniques, in part, to increase afferent preservation. A proprioceptive
deficit has been d d following ACL di: ion (2, 4, 7, 14); however, little
research exists evaluating proprioception in the PCL-deficient or reconstructed knee.

Unlike combined ligament injuries involving the PCL, there is much more de-
bate about the natural history and treatment of the “isolated” PCL-deficient knee (10,
15,17, 19, 22, 33,46, 52, 58). It is well known that in the ACL-deficient knee, insta-
bility and reinjury can lead to arthritis over time (9, 23, 29, 41, 43,49, 53, 56). Further,
authors suggest that function in the ACL-deficient and reconstructed knee is more
reliably predicted by proprioceptive ability than physical examination or knee test
scores (4,7, 14, 30). Several studies have shown that proprioceptive deficits that exist
in ACL-deficient knees can be partially restored by surgical reconstruction (2, 4, 13).
While the ionship of reduced proprioception in the arthritic knee is not known,
some suggest that proprioceptive loss results in arthritis (5, 55).

Many authors note that patients with “isolated” PCL deficiency initially func-
tion well, while progression to degenerative arthritis over time is less well defined
(10, 19, 46, 52). To our knowledge, the University of Pittsburgh Neuromuscular Re-
search Laboratory is the only lab to study the potential proprioceptive deficits in the




PCL-deficient knee and assess the effects of PCL ion. The
following summarizes our protocol and the results of proprioceptive testing in sub-
jects with isolated PCL injuries and those who underwent PCL reconstruction.

PCL-Injured Subjects

We prospectively studied 18 subjects with isolated ruptures of the PCL. These
subjects ranged in age from 19 to 51 yrs (average: 32 yrs). The time from injury to
examination and proprioception testing averaged 29 mo (range: 1-226 mo). No
patient could have an inner ear or equilibrium disorder, previous neurological dis-
ease, or contralateral knee injury.
All subjects underwent a complete history and thorough knee examination.
Examination of the posterior cruciate ligament begins with the knowledge that the
medial tibial plateau normally is 10 mm anterior to the medial femoral condyle with
the knee in 90° flexion. Posterior drawer testing is then graded as follows. In a grade
Tinjury there is asymmetry side to side, but the medial tibial plateau remains anterior
to the medial femoral condyle (less than 10 mm). In a grade 11 injury the posterior
drawer at 90° pushes the tibial plateau to the level of the medial femoral condyle
(approximately 10 mm). In a grade III PCL injury, the medial tibial plateau can be
pushed posterior to the medial femoral condyle (more than 1 ¢cm). The posterior sag is
similarly graded: grade I is when the medial tibial plateau sits further posteriorly than
the “normal” contralateral knee but still anterior to the medial femoral condyle with
the knee flexed approximately 90°; in a grade II the tibial plateau is at the level of the
medial femoral condyle, and a grade Il step-off is when the medial tibial plateau rests
posterior to the medial femoral condyle. To be an isolated PCL tear, no anterior cruci-
ate or collateral ligament injury is noted. Further, posterior lateral rotatory instability
(dial test) at 30° must be symmetric. Many so-called grade IIl PCL injuries have
itant capsular and cormer i
A standard radiographic knee series, including flexion weight-bearing PA
view, lateral and sunrise views, and a magnetic resonance imaging scan were ob-
tained on all subjects. KT-1000 (KT-1000, MEDmetric; San Diego, California)
instrumented knee testing was also performed to assess the degree of laxity of both
knees for comparison.

PCL-Reconstructed Subjects

Ten men with unilateral PCL injury, who underwent PCL reconstruction by the senior
author, were evaluated. These subjects ranged in age from 23 to 54 yrs (average: 31
yrs). Five left knees and 5 right knees were involved. Seven patients had an isolated
PCL rupture and no other knee disorder. One patient had concomitant medial
tibiofemoral chondrosis, 1 had lateral patellar and tibiofemoral chondrosis (this pa-
tient underwent an open lateral meniscal transplantation), and another had tricom-
partmental arthrosis. The time from reconstruction to proprioceptive testing ranged
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from 6 to 44 mo (average: 27 mo). Patients were examined clinically fmd with the
knee ligament arthrometer (KT-1000, MEDmetric; San Diego, California).

All subjects were tested on the proprioceptive testing dcvic; developed at
the University of Pittsburgh (modeled after that of Barrack) (see Figure 1). Slllb-
jects with isolated PCL-deficient knees were tested for threshold to detect passive
motion (kinesthesia) and the ability to passively reproduce passive positioning
(joint position sense). Based on the results of this study, those patients who _undep
went PCL ion had propri i i ia testing by studying the
threshold to detect passive motion only. i X

A proprioceptive testing device (PTD) was used to measure kmt_:s_(hesla as
the to detection of passive (TTDPM) and joint position sense
by the ability to passively rep passive joint p (RPP). This device
has been used previously to assess propriocepti (38). The PTD ro-
tates the knee into flexion and extension through the axis of the joint. A rotational
transducer interfaced with a digital microprocessor counter provided the angular
displacement values directly. A pneumatic compression boot was placed on c‘.’Ch
foot to reduce cutaneous input. One pneumatic boot was attached to the moving
bar of the PTD, the other to a stationary bar. Patients were tested in the prone
position to reduce the likelihood of cutaneous input of their upper calf hitting the
testing bench in higher degrees of flexion, as would occur if they were seated
upright.

Figure Proprioception testing device for PCL proprioception.
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The knee was tested moving into flexion and extension from two starting
positions. These positions were 45° and 110° of knee flexion. The midrange of
knee motion (45°) was chosen as a starting position because there, the capsule,
ACL, and PCL are relatively relaxed, and, thus, the poorest proprioceptive sensory
results should be noted. No difference should exist, therefore, between the injured
and uninjured knees. Knee flexion of 110° was chosen, since tension on the PCL
should play a role in proprioception, and thus some difference in afferent input
might be identified. This is based on the findings of Wascher and coworkers, who
showed a low to intermediate resultant force in the substance of the PCL in 45°
flexion, and significantly greater resultant force with increasing knee flexion (60).

Two familiarity trial tests were performed prior to the subjects being blind-
folded and having a headset placed over the ears to negate visual and auditory cues.
Testing was performed in a single session with test order of mjumd and umn_yured

knee, starting position, and direction of being rand and
anced. The PTD tester was. bhnded as to the normal and PCL injured knee. Instrument
iability was i y as intracla: ions (ICC) were

using a fixed model and ranged fmm ICC=.87t0ICC=.92.

Threshold to detection of passive motion: TTDPM assessment was started
with the motor and shaft of the PTD disengaged. Subjects were blindfolded and
had earphones placed over their ears. The subject gave a thumbs-up to indicate
readiness to perform the test. At a random point during the subsequent 20 s, knee
movement was engaged by the tester. The subject disengaged the PTD by pressing
a handheld switch upon ion of ion of at the knee. The
PTD rotated the knee at a constant angular velocity of 0.5%s. This slow speed was
chosen to minil ion from muscle while imally stimulat-
ing slow adapting joint mechanoreceptors. Three trials from a starting position of
45° and 110° knee flexion moving into both flexion and extension were performed.
Both the injured and uninjured knees were tested. Mean TTDPM values were cal-
culated for the 4 test conditions.

Reproduction of passive positioning: The subjects were blindfolded but permit-
ted to communicate with the PTD tester during RPP testing. As with the TTDPM
testing, 45° and 110° knee flexion were used as starting positions (reference angle).
After confirmation of the subject’s readiness, the knee was moved passively 10°into
further flexion or extension (presented angle) by the tester. The angles were presented
at variable velocities in order to reduce any time-associated cues. The limb was held
in the presented angle position for 10 s and the subject was asked to concentrate on
this position. The limb was then returned passively to the reference angle by the
examiner. The subject was then instructed to manipulate the on/off switch to re-
produce the previously presented angle at an angular velocity of 0.5%s. This was
rccorded and lepealed for each of the 3 starting positions moving into flexion and

The between the angle and the angle that was re-
positioned by the subject was as the error of ion. The mean of
3 trials was calculated for the 4 test conditions.
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PCL-injured and uninjured knee mean differences were analyzed using a
paired ¢ test for both TTDPM and RPP testing. A p value of .05 was considered to
indicate a significant difference. Pearson product moment correlation coefficients
were established between all dependent variables.

Results for PCL-Injured Subjects

Eighteen subjects met the criteria for inclusion—isolated PCL injury without con-
tralateral knee injury, surgery, or other concomitant knee injury. These 13 males and 5
females averaged 32 yrs of age. The patients averaged 29 mo from time of injury to
proprioception testing. There were 10 right knees injured and 8 left knees. All indi-
viduals except 3 (including the one who underwent PCL reconstruction 1 mo after the
injury) underwent physical therapy stressing quadriceps rehabilitation.

On physical examination, 15 patients (83%) had a grade 11 posterior drawer
test on physical examination, while the remaining 3 patients (17%) had a grade III
posterior drawer test. Two subjects had minimal laxity of the medial collateral
hgamenl while lhere ‘was no other ligamentous injury (ACL, MCL, LCL, rotatory

y) i ified on physical ination of any of the subjects. Nine patients
(50%) relumed to their previous level of sporting activity, 5 participate in sports at
alower level, and 4 do not participate in sports at all (2 did not participate in sports
prior to injury).

KT-1000 instrumented testing revealed an average corrected posterior dis-
placement of 7.5 mm (range: 2.5-12.5 mm), manual maximum side-to-side differ-
ence at 90°, and 3.1 mm manual maximum side-to-side difference at 20° of knee
flexion. Plain showed no ive changes in any of the 18 sub-
jects. Magnetic resonance imaging of all 18 subjects revealed an isolated PCL tear
with no meniscal or chondral injuries.

For TTDPM starting at 45°, the PCL-injured knee averaged 1.5°+ 0.2°, while
the uninjured knee averaged 1.2°4+0.1° (p = .051) as the knee was moving into exten-
sion. TTDPM at 45° moving into flexion averaged 1.9° + 0.4° for the involved knee
and 1.2° £ 0.2° for the uninvolved knee (p = .022) (see Figure 2). At 110°, TTDPM
was not statistically significantly different between the PCL-injured and normal knees
moving into flexion and into extension (see Figure 3).

Testing RPP at 110°, the injured knee averaged 2.3° + 0.4 error from the true
test angle, and the uninjured knee averaged 3.1° £ 0.6° exror as the test angle was
brought into more extension (p = .050). RPP at 110° testing into flexion showed an
average error of 2.2° + 0.3° for the involved knee and 3.0° £ 0.4° for the uninvolved
knee (p = .050) (see Figure 5). Testing RPP in 45° was not significantly different
between the PCL-deficient and normal knee with the test angle in more flexion or
extension (see Figure 4 and Table 1).

A correlation matrix revealed a significant correlation between the time from
injury and the ability to passively reproduce a joint angle at 110° flexion moving
into extension (r = .687).




Kinesthetic comparison between the
injured and the normal knee
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Figure 2 — Mean total magnitude of degrees before sensation was detected. Kines-
thesia (angular displacement) for the PCL-injured vs. uninvolved knee from a starting
position of 45° of knee flexion, moving into flexion and extension (+SE, p = .02 for
flexion, p =05 for extension).

Results for PCL-Reconstructed Subjects

Ten men met the criteria for inclusion: unilateral PCL injury and PCL reconstruction
by the senior author. These subjects ranged in age from 23 to 54 yrs (average: 31 yrs).
Five left knees and 5 right knees were involved. Seven patients had an isolated PCL
rupture and no other knee disorder. One patient had concomitant medial tibiofemoral
chondrosis, 1 had lateral patellar and tibiofemoral chondrosis (this patient underwent
an open lateral meniscal ion), and another had tri arthrosis.
‘The time from reconstruction to proprioceptive testing ranged from 6 to 44 mo (aver-
age: 27 mo). KT-1000 results identified a corrected posterior displacement of 1.2 +.8
mm of the normal (unaffected) knee and 4.7 + 2.6 mm laxity of the reconstructed
knee (p =.0018). All patients remained active in sports, though four had changed to a
less demanding sport, and 6 returned to their preinjury level of activity.

The results for kinesthesia from starting positions of 45°and 110° of flexion
revealed no statistically significant difference between the uninvolved and reconstructed
knees, as they were passively moved into flexion and extension from both starting
angles. From 45° moving into flexion, the uninvolved knee averaged 1.35° prior to the

Kinesthetic comparison between the
injured and the normal knee
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Figure 3 — Mean total magnitude of degrees before sensation was detected. Kines-
thesia (angular displacement) for the PCL-injured vs. uninvolved knee from a starting
position of 110° of knee flexion, moving into flexion and extension (£SE, p = .29 for
flexion, p = .12 for extension).

subject detecting motion, while the reconstructed knee averaged 1.50° (p = .6). From
45° moving into extension, the uninvolved knee averaged 1.25° and the reconstructed
knee averaged 1.45° (p = .2). (See Figure 6.) Testing from the 110° starting position
and moving into flexion, the uninvolved knee averaged 1.50° and the reconstructed
knee averaged 1.63° prior to the subject detecting motion (p = .5). Alternatively, start-
ing at 110° and moving into extension, the uninvolved knee averaged 1.60° and the
reconstructed knee averaged 1.95° (p = .3) (See Figure 7 and Table 2).

Discussion

F is i asp variation of the sensory modality of
touch and the ions of joint i ia) and joint
position (joint position sense). Conscious proprioception is essential for proper
function in activities of daily living, sports, and occupational tasks. Unconscious
proprioception modulates muscle function and initiates reflex stabilization. Much
effort has been dedi to idating the ical function of knee articular
structures and the corresponding mechanical deficits that occur secondary to dis-
ruption of these structures. Knee articular structures may also have a significant
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Comparison of passive reproduction of position
between the injured and the normal knee
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Figure 4 — Mean difference in degrees of error between the presented angle and
patient’s positioning. Joint position sense (angular displacement) for the PCL-injured
vs. uninvolved knee from a starting position (reference angle) of 45° of knee flexion,
moving into flexion and extension (1SE, p = .16 for flexion, p = .22 for extension).

sensory function that plays a role in dynamic joint stability, acute and chronic
injury, pathologic wearing, and ilitation training.

Extrinsic innervation of joints follows Hilton’s law (61), which states that
joints are innervated by articular branches of the nerves supplying the muscles that
cross that joint. The afferent i lnnervalmn of joints is based on peripheral receptors
located in articular, Articular include
nociceptive free nerve endings and proprioceptive mechanoreceptors. Ruffini end-
ings, Pacinian corpuscles, and Golgi tendon organs are mechanoreceptors that have
been histomorphologically identified in the ACL (28, 34-36, 47, 50, 51), PCL (32,
51), meniscus (40, 44, 45, 62), lateral collateral ligament (18), and infrapatellar fat
pad (37).

‘There is considerable debate over the relative contribution of muscle recep-
tors versus joint to propri ion, with traditi views
muscle receptors (11, 16, 24-26). Recent work suggests that muscle receptors and
joint receptors are probably complementary components of an intricate afferent
sysxem in WhICh each receptor modifies the function of the other (6, 21, 27).

ia is assessed by ing threshold to detection of
passnve motion (TTDPM), and joint position sense is assessed by measuring repro-
duction of passive positioning (RPP). In patients with unilateral joint involvement,

Comparison of passive reproduction of position
between the injured and the normal knee
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Figure 5 — Mean difference in degrees of error between the presented angle and
patient’s positioning. Joint position sense (angular displacement) for the PCL-injured
vs. uninvolved knee from a starting position (reference angle) of 110° of knee flexion,
moving into flexion and extension (£SE, p = .05 for flexion, p = .05 for extension).

Table1 Summary of Results for Proprioception Testing in PCL-Injured Subjects

Test Injured knee Uninjured knee p value
TTDPM 45° ext 151°40.19° 1.19°£0.10° 05*
TTDPM 45°: flex 1.87°+0.35° 121°£022° o0
RPP 45°% ext 243°£0.33° 275°+033° 2
RPP 45° flex 297°£047° 342°£030° .16
TTDPM 110°: ext 1.54°40.22° 1.43°0.18° 12
TTDPM 110°: flex 1.38°+0.24° 1.29°+0.25° 29
RPP 110% ext 2.28°+0.37° 3.11°40.56° 05*
RPP 110°: flex 2.15°+0.28° 2.96°%0.36° 05%

Proprioception results are for kinesthesia testing, which is measured as the angular displacement, in
degrees, prior 1o sensing joint motion, and joint position sense, the angular displacement error
between the true angle 1o which the knee was bent and the angle o which the subject moved the
knee, measured in degrees. The starting knee flexion angle was 45° or 110°. (TTDPM = threshold to
detect passive motion, RPP = ability (o reproduce passive positioning, ext = moving into extension,
flex = moving into flexion.)
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Kinesthetic comparison between the
normal and the reconstructed knee
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Figure 6 — Mean total magnitude of degrees before sensation was detected. Kines-
thesia (angular displacement) for the PCL-reconstructed vs. uninvolved knee from a
starting position of 45° of knee flexion, moving into flexion and extension (+SE, p = .6
for flexion, p = .2 for extension).

the contralateral knee serves as an internal control, and uninjured knees in a norma-
tive population serve as exteral controls. Using these measures in the knee, investi-
gators have found proprioceptive deficits with aging (3, 5, 54), arthrosis (3, 5, 55), and
ACL d:srupnon (2,4,7, 14). These processes damage articular structures containing

ptors and are thus h yp i lto result in partial deafferentation with
resultant i ive deficits. Propri was found to occur in
ballet dancers (1) and also with the use of an elastic knee sleeve (4, 38), suggesting
that training and bracing may have proprioceptive benefits.

The use of the threshold to detect passive motion as a measure of kinesthesia
has been established by previous studies. Slow, passive motion was used in this
investigation, as this i: is thought lo maximally stimulate slow adapting joint mecha-

ptors while minimally ing muscle receptors (2). Although we were
primarily focusing on joint receptors in joint injury, muscle receptors are an inte-
gral component of a complex afferent system and may also play a role in kines-
thetic awareness of slow, passive motion. In addition to reflex pathways, joint mecha-
noreceptors have been shown to have cortical pathways that account for conscious
appreciation of joint movement and position.

As with other information about the knee ligaments, information about PCL
proprioception lags behind that of ACL proprioception. We have studied the pro-
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Figure 7 — Mean total magnitude of degrees before sensation was detected. Kines-
thesia (angular displacement) for the PCL-reconstructed vs. uninvolved knee from a
starting position of 110° of knee flexion, moving into flexion and extension (1SE,p =.5
for flexion, p = .3 for extension).

Table2 Summary of Results for Proprioception Testing in PCL-
Reconstructed Subjects

Test Reconstructed knee Uinjured knee p vale
TTDPM 45°: ext 1.45°+0.7° 1.25°+04° 2
TTDPM 45°: flex 1.5°+0.7° 1.35°+0.3° 6
TTDPM 110°: ext 195°+1.7° 1.62°+0.7° 3
TTDPM 110°: flex 1.63° £ 0.4° 1.5°+£04° 3

Proprioception results are for kinesthesia testing, measured as the angular displacement, in degrees,
prior to sensing joint motion. The starting knee flexion angle was 45”_0! 110°. (TTDPM = threshold
to detect passive motion, ext = moving into extension, flex = moving into flexion.)

prioceptive function of a selective group of human subjects with isolated injuries
to the posterior cruciate ligament and those who have undergone PCL reconstruc-
tion. Other than studies identifying proprioceptive mechanoreceptors within the
substance of the PCL, few studies have attempted to assess the clinical function of
these mechanoreceptors within the PCL.



One previous study found better joint position sense in patients undergoing
total knee using a PCL-retaining is as d with a PCL-
sacrificing implant (59). Joint position sense was measured by having the subjects
move a handheld knee model to replicate the perceived amount of passively placed
knee flexion. Twenty-five subjects tested underwent a total knee replacement with a
PCL-retaining prosthesis more than 1 year prior to testing and were compared with 9
age-matched controls and 30 patients with PCL-sacrificing knee arthroplasties (59).
However, Tibone and coworkers, in the only other PCL proprioception-related study
in the English literature that we have found, reported no electromyographic differ-
ences between PCL-deficient (some with posterolateral corner injury) and PCL-
reconstructed knees (using medial head of the gastrocnemius) during functional tasks
(57). Both groups had abnormal findings during gait (57). It may be that those with
PCL ion, who qui i i ‘may have had greater
proprioceptive deficits. Thus, the discrepancy as compared with our data may be due
to many possible factors such as nonanatomic reconstruction (medial head of gas-
trocnemius using muscles that may affect i ive input i i
reconstruction of the anterolateral bundle of the PCL), large preoperative propriocep-
tive deficits that may be only incompletely restored, or their testing protocol, which is
functional, requiring input from muscle and other fibers as compared with our slow
moving, passive model.

One published study more similar to ours studied the threshold to detect
passive positioning in 8 patients with isolated PCL-deficient knees (12). Their 8
patients averaged 34 yrs of age, 7 were men, and the average time from injury to
testing was 3 years (range: 8 mo to 6 yrs). These patients were tested for TTDPM
in the sitting position with their knee moved at 0.5%s into flexion or extension
from 37°. These authors found statistically significantly reduced ability to detect
passive motion in the PCL-injured knee as compared with the normal, contralat-
eral knee (12). We also found statistically significant differences in the TTDPM at
a similar range (45° moving into both flexion and extension), though we did not
find the reduced TTDPM at 110° of knee flexion. Clark and coworkers did not
study this greater degree of extension, nor did they study the ability to passively
reproduce passive positioning.

Those with isolated PCL disruption in our study are, for the most part, ex-
amples of the best clinical case scenario. These are subjects who have been treated
nonoperatively for isolated grade II and III posterior laxity of the knee. Subjects
with more significant injury are more likely to undergo early knee ligament recon-
struction. Therefore, individuals who undergo early ligament reconstruction may
be expected to exhibit more significant proprioceptive differences. These subjects,
by nature of not already having unds a ive p are people
who mostly have adapted or compensated to their PCL-deficient state. They func-
tion well enough for activities of daily living, and in many cases, sports.

Proprioceptive deficits have been identified in the ACL-deficient knee (2,
38). These proprioceptive losses are reduced more significantly at 15° than at 45°
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flexion in the ACL-deficient knee. This is expected since the ACL has more force
at 15° flexion and thus more input in functioning mechanoreceptors. Further, ina
study of ACL-reconstructed patients, Barrett (4) showed that patient satisfaction
and function appeared to correlate with proprioceptive function rather than with
clinical examination and knee scores.

We have shown that isolated PCL deficiency in the human knee does result
in reduced kinesthesia, as tested by the threshold to detect passive positioning and

h d ability to reproduce passive positioning. Thus, the propri ive mecha-
noreceptors within the PCL do appear to have some function. Proprioceptive defi-
cits in studies of patients with ACL disruption reveal greater proprioceptive defi-
cits, both in magnitude and over a greater range of motion, as compared wi\!\ the
findings p d here for PCL i The propri ive deficits in kines-
thesia i i in PCL-deficient knees are d (or reduced to a nonsignifi-
cant level) by PCL reconstruction.

It has been argued that propri may play ap ive role in acute
injury through reflex muscular splinting (38). The protective reflex arc initiated by
mechanoreceptors and muscle spindle receptors occurs much more quickly than
the reflex arc initiated by nociceptors (70-100 m/s vs. 1 m/s). Thus, pmprioce[)-
tion may play a more signi role than pain ion in p ing injurylm
the acute setting. More importantly, proprioceptive deficits may play a more sig-
nificant role in the etiology of chronic injuries and reinjury. Initial knee injury
results in partial deafferentation and sensory deficits that can predispose to further
injury (34). Proprioceptive deficits may also contribute to the etiology of degen-
erative joint disease through pathological wearing of a joint with poor sensation. It
is unclear whether the proprioceptive deficits that accompany degenerative joint
disease are a result of the underlying p 1 process or ibute to the
etiology of the pathological process. It may be surmised then, that the apparent
loss of proprioception over a greater range of motion in the ACL-deficient knee
helps explain why the so-called isolated PCL-deficient knee has a relatively m?rc
“benign course.” It has yet to be proven that PCL deficiency leads to degenerative
arthritis, and yet to be reported is whether PCL reconstruction can prevent or delay
the onset of degenerative change within the operative knee.

We do not attempt to explain why TTDPM is reduced only at 45° and why
RPP appears to be better at 110°. There are many possible explanations, including
the altered ki ics of the PCL-deficient knee, variable i d input be-
tween the ACL and PCL at varying degrees of flexion (the ACL may have signifi-
cant resultant force when flexed) (60), or even that the PCL may still contribute
proprioceptive information as it may heal in a lengthened position. Further, fhe
effect of physical therapy following injury may enhance proprioceptive [“"C,Ifun
of the remaining mechanoreceptors, or it may be that kinesthesia and joint position
sense are mediated through different pathways.

Looking at the threshold to detect passive motion, PCL reconstruction ap-
pears to provide a kinesthetic pattern similar to that of the contralateral, normal
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knee. The deficit seen in nonoperated knees with PCL tears does not exist in knees
following PCL reconstruction. This is in light of the fact that 3 patients who under-
went PCL reconstruction and propnocepnve tesnng had some degree of degcnera-
tive joint disease. Knces with joint d been shown
to have worse P than the knee ﬂnd age-matched con-
trols. Thus, it is likely that PCL reconstruction did significantly improve kinesthe-
sia at 45° of knee flexion (at 110°, no significant difference was observed between
the involved and noninvolved knee in either sludy)

The most plausible explanation for the of propri i 1
reconstructive surgery appears to be related to the hgamemous and capsular tensxon
of the joint (8, 39). i laxlty of those that contain p

ptors results in dimi ion of Jomt
and reduces the afferent signal that mediates proprioception.

Regardless of the many possible explanations, the fact remains that mecha-
noreceptors within the PCL do have proprioceptive function and may play arole in
the clinical function of patients with PCL injuries, and proprioception may be
normalized (or deficits reduced) by PCL reconstruction. Future research in this
area will help delineate the exact clinical function of proprioceptive mechanore-
ceptors within the posterior cruciate ligament.
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