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ABSTRACT

The conscious neurosensory characteristics of the in-
ternal components of the human knee were docu-
mented by instrumented arthroscopic palpation without
intraarticular anesthesia. With only local anesthesia
injected at the portal sites, the first author (SFD) had
both knees inspected arthroscopically. Subjectively, he
graded the sensation from no sensation (0) to severe
pain (4), with a modifier of either accurate spatial lo-
calization (A) or poor spatial localization (B). The na-
ture of the intraarticular sensation was variable, rang-
ing from 0 on the patellar articular cartilage to 4A on the
anterior synovium, fat pad, and joint capsule. The sen-
sation arising from the cruciate ligaments ranged from
1 to 2B in the midportion, and from 3 to 4B at the
insertion sites. The sensation from the meniscal carti-
lages ranged from 1B on the inner rim to 3B near the
capsular margin. Innervation of most intraarticular
components of the knee is probably crucial for tissue
homeostasis. Failure of current intraarticular soft tissue
reconstructions of the knee may be due, in part, to the
lack of neurosensory restoration. Research studies of
the knee designed to delineate factors that restore
neurosensory characteristics of the musculoskeletal
system may lead to techniques that result in true res-
toration of joint homeostasis and function.

The human knee is one of the most complex systems in the
body. The asymmetrical components of the knee act in
concert as a type of biologic transmission that accepts,
transfers, and dissipates loads among the femur, tibia,

patella, and fibula.9 The ligaments act as adaptive link-
ages, with the menisci representing mobile bearings. Cur-
rent data indirectly indicate that various intraarticular
components of the knee are sensate, that is, they generate
neurosensory signals that reach the spinal, cerebellar,
and higher central nervous system levels. These signals
ultimately result in conscious perception. The main re-
search studies supporting this belief have been based on
histologic evidence of neural structures within intraartic-
ular components,4,7,14–17,19,20,23,28,29,34,35 the documen-
tation of sensory evoked potentials,26 or on proprioceptive
characteristics of the human knee.2,3,6,24,27,30,31 Propri-
oceptive studies have been primarily designed to elicit
conscious detection of small movements of the knee. Such
data summarize neurosensory output from the entire joint
and limb, including the extraarticular structures; thus,
they do not isolate possible intraarticular sensory signals.
Documentation of sensory evoked potentials with electri-
cal stimulation of intraarticular structures of anesthe-
tized patients at surgery does not address the question of
whether and to what extent a person would consciously
experience palpation of those structures.

We (SFD and GLV) concluded that a simple method to
directly document possible conscious neurosensory per-
ception of the intraarticular components of the human
knee would be to arthroscopically palpate the components
without intraarticular anesthesia and record the subjec-
tive experience. We are aware of no prior studies that have
attempted such neurosensory documentation. Our pur-
pose, therefore, was to document conscious neurosensory
mapping of the intraarticular components of the human
knee by means of arthroscopic instrumented palpation
without intraarticular anesthesia.

MATERIALS AND METHODS

Both knees of the first author (SFD) were inspected ar-
throscopically by the second author (GLV). The right knee

‡ Address correspondence and reprint requests to Scott F. Dye, MD, Cal-
ifornia Pacific Medical Center, Davies Campus, 45 Castro Street, Suite 117,
San Francisco, CA 94114.

No author or related institution has received any financial benefit from
research in this study.

0363-5465/98/2626-0773$02.00/0
THE AMERICAN JOURNAL OF SPORTS MEDICINE, Vol. 26, No. 6
© 1998 American Orthopaedic Society for Sports Medicine

773



was inspected first, followed 1 week later by inspection of
the left knee. This study was conducted at California
Pacific Medical Center, Davies Campus, in San Francisco,
California, with the approval of the human research di-
rector. The subject was a 46-year-old man at the time of
the investigation. Both knees were asymptomatic and had
documented normal preoperative radiographs and techne-
tium 99m-methylene diphosphonate scintiscans. The only
history of prior trauma to either knee was documented
penetration of the medial facet of the right patella with a
15-gauge Jam-Shidi needle, which occurred 10 years ear-
lier during a research project measuring intraosseous
pressure. Residual discomfort from the medial facet pen-
etration resolved fully 7 months after that investigation.

To minimize tissue trauma, only two portals, the an-
terolateral and anteromedial parapatellar, were used.
Sterile lactated Ringer’s solution, warmed to 90°F, at a
pressure of 80 mm Hg was injected through the scope
barrel (Stryker high flow arthroscopic barrel; Stryker
Corp. of America, Santa Clara, California). On the right
knee, 10 ml of 1% lidocaine with 1:100,000 epinephrine
was used to provide local anesthesia at the portal sites.
We attempted to avoid anesthetizing the anterior syno-
vium or fat pad. Because the subject experienced lancinat-
ing pain on penetration of the anterior soft tissues with
this method on the right knee, we used an alternative
method of achieving local anesthesia at the portal sites for
the left knee. One percent lidocaine with 1:100,000 epi-
nephrine was used with 1 ml of Omnipaque 350 (Nycomed
Pharmaceutical, New York, New York) added per 4 ml of
lidocaine. The lidocaine-Omnipaque mixture (20 ml) was
injected into the anterior synovium and fat pad of the left
knee. Multiple CT images were obtained to document that
the local anesthesia mixture remained within the anterior
synovium and fat pad, and that it did not reach the intra-
articular environment.

One of the coauthors (CCD) designed, built, and cali-
brated a spring-loaded device to produce a 0- to 500-g
force. This device was attached to a standard straight
arthroscopic probe with a distal tip footprint of 1 3 3 mm.

A knee holder (Instrument Makar, Okemos, Michigan)
without a tourniquet was used for both knee examina-
tions. The knees were sterilely prepared with betadine
scrub followed by betadine solution and draped in stan-
dard sterile limb sheets. The subject was monitored
throughout both procedures by an anesthesiologist (see
“Acknowledgments,” WTH for the right knee and JDW for
the left knee), with intermittent determinations of blood
pressure and continuous pulse oximeter evaluation. The
subject received no sedative. A Stryker 810 Three Chip
camera was used in connection with a Stryker Digital
Photographic unit (Stryker Corp.) to provide the desired
static images. Dynamic images were recorded on super
VHS videotape.

The subject made an attempt to describe, as accurately
as possible, where in the knee the sensation of palpation
was occurring. The subjective sensation of palpated intra-
articular structures was recorded verbally by the subject
on a scale of 0 to 4: 0, no sensation; 1, nonpainful aware-
ness; 2, slight discomfort; 3, moderate discomfort; and 4,

severe pain. A modifier of either A, for accurate spatial
localization, or B, for poorly localized sensation, was also
recorded. Finally, the sensation was mapped on two-di-
mensional schematics of the knee.

RESULTS

The conscious neurosensory perception of palpated intra-
articular structures of the knee was the same in both
knees. The degree of conscious neurosensory perception of
the internal structures was variable, ranging from total
absence of sensory perception to severe pain (Fig. 1). Pen-
etration of the unanesthetized anterior synovium and fat
pad region during the initial examination of the right knee
produced severe pain that elicited involuntary verbal ex-
clamations from the subject and nearly resulted in cessa-
tion of the study. Further documentation of this sensory
finding in the left knee was thought to be unnecessary.
Use of the local anesthetic technique described in the
“Materials and Methods” section for the left knee resulted
in a more tolerable portal entry experience for the subject.
At no time was tissue removed from either knee.

Palpation of the patellar articular cartilage in the cen-
tral ridge and medial and lateral facets resulted in no
sensation, or a 0 score, even at 500 g of force. Palpation of
the odd facets elicited a score of 1B. Asymptomatic grade
II or III chondromalacia of the central ridge was identified
on both patellas. Palpation of the suprapatellar pouch,
capsule, and the medial and lateral retinacula produced a
score of 3A to 4A (moderate to severe localized pain) at
relatively low levels of force (,100 g). Palpation of the
ACLs and exposed femoral insertion of the PCLs resulted
in scores of 1B to 2B in the midregions. The scores in-
creased to 3B and 4B at the tibial insertion and femoral
origin sites at 500 g of force. The meniscofemoral ligament
of Humphry was not identified. All four menisci revealed
similar findings of 1B on the inner rim and up to 2B and
3B at the capsular margins and anterior and posterior
horns at 300 to 500 g of force. Palpation of the articular
cartilage surfaces of the femoral condyles, trochlea, and
tibial plateaus at 500 g of force universally produced a
sensation of 1B to 2B.

Additional qualitative subjective observations were
noted during the two procedures. No discomfort was felt
with the intraarticular fluid pressure of 80 mm Hg, or
with the substantial varus and valgus directed vectors
required to provide visualization of the medial and lateral
compartments. An ill-defined, nonpainful, but intense
sense of apprehension was experienced when the arthro-
scope was positioned between the patella and the central
femoral trochlea. Only a position of forced full extension
was tolerable with the arthroscope between the patella
and trochlea. Even the slightest movement toward flexion
resulted in the onset of increased discomfort and periar-
ticular muscle spasms. A symptomatic effusion developed
2 days after the procedure on the left knee, but it resolved
fully after aspiration of approximately 75 ml of a clear
pink fluid. The subject has subsequently remained asymp-
tomatic in both knees.
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DISCUSSION

This study confirms that most intraarticular structures of
the human knee have sensory mechanisms that can result
in conscious perception. Although the data were obtained
from one subject, the conscious neurosensory perceptions
were the same in both knees. Thus, the left knee experi-
ence validated the findings of the right knee. The data
from prior studies have relied on indirect evidence of pos-
sible conscious perception of intraarticular structures,
namely histology, sensory evoked potentials, and proprio-
ceptive characteristics of the joint as a whole. This study,
by probing the human knee without intraarticular anes-
thesia, provides direct evidence of the conscious percep-
tion of neurosensory output of internal structures. The
anterior synovial tissues, fat pad, and capsule were ex-
quisitely sensitive to the mechanical loading stimulus of
the probe, whereas the sensation experienced with similar
probing of the cruciate ligaments and menisci did not
result in accurate spatial localization. This observation
may provide an explanation for the often poor localization
of structural damage that many patients experience with
a cruciate ligament or meniscal injury. The painful syno-
vitis and capsular inflammation frequently associated
with a meniscal injury may be a more important factor in
the subjective localization of the site of possible cartilage
damage than sensation arising solely from the damaged
meniscus.

We believe the quantitative data regarding loads pro-
duced at the palpated tissue should be viewed as esti-
mates, in that an unknown degree of tissue resistance
may have occurred at the probe-portal interface, particu-
larly with positions close to full extension.

The reported conscious perceptions in this study, unlike
purely objective data, are inherently and fundamentally
subjective phenomena and, as such, raise a basic philo-
sophic issue of epistemology (the theory of the nature of
knowledge). The dilemma is discussed by the Austrian
philosopher Wittgenstein,32 who recognized the point of
view that one cannot be sure that the sensations one
experiences (such as color, touch, pain) are the same as
would be perceived by another individual under similar
circumstances. Despite the philosophical limitations of
reported conscious perceptions noted above, we, the au-
thors, believe the findings of this study are probably true
for most human knees, partly because of the extreme
consistency and conservative nature of anatomic structure
and function of the tetrapod knee over eons.10

We believe that the neurosensory capacity of the intra-
articular structures of the human knee developed over
millions of years through evolutionary mechanisms. These
sensations provide not only joint telemetry of musculo-
skeletal subsystems for normal activities but also function
as a negative feedback loop, alerting various components
of the nervous system of deleterious mechanical (for ex-

Figure 1. Coronal (A) and sagittal (B) schematic representations of the conscious neurosensory findings of the intraarticular
structures of the knee. The right knee is illustrated. A, accurate spatial localization; B, poorly localized sensation.
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ample, displaced meniscus) or chemical (for example, high
cytokine levels) stimuli.21 Degradation of sensory output
from the knee and other joints can eventually lead to
structural failure of intraarticular components, as is seen
in neuropathic joints associated with various diseas-
es,5,13,22,25,33 or in those born with congenital insensitiv-
ity to pain.8,18

The information from this study can provide a basis for
interpreting data from current and future research of the
knee. We theorize that neurosensory innervation is impor-
tant, and probably crucial, for normal joint function and
maintenance of tissue homeostasis of most intraarticular
structures of the knee. Lack of neurosensory restoration of
certain intraarticular structures that have been surgically
reconstructed or transplanted may lead to a common mode
of eventual structural failure. A nonsensate reconstructed
ACL or transplanted meniscus, for example, might be
readily loaded to the point of structural damage without
the presence of sensory output alerting the nervous sys-
tem of dangerous mechanical loads. Such surgically cre-
ated nonsensate structures could thus represent a neuro-
pathic ligament or meniscus, which in many cases may
eventually be destined to fail structurally with acute or
repetitive supraphysiologic loads. Recent work by Barrack
and coworkers1 has demonstrated some limited and incon-
sistent return of neurosensory characteristics in ACL re-
construction in canines. No such findings have yet been
shown in humans.

Joint proprioceptive mechanisms have been described
as exquisitely sensitive in detecting even slightly abnor-
mal structural relationships of joints.2,6,24,30 The sense of
severe, ill-defined, yet nonpainful apprehension experi-
enced by the subject in this study when the arthroscope
was positioned between the patella and trochlea can be
interpreted as representing intense proprioceptive output
of the knee, stimulating protective neural circuitry and
resulting in cerebral perception. We believe the effusion
that developed after the procedure on the left knee repre-
sented a chemical synovitis caused by the Omnipaque
mixture that eventually leaked into the intraarticular
environment.

The findings of sensation experienced with palpation of
articular cartilage deserve special comment. It is well
established by histologic studies that articular cartilage
lacks neural elements.17 This objective microscopic find-
ing explains the lack of perception in palpated patellar
articular cartilage. We believe that perception of palpated
articular cartilage of the tibial plateaus, femoral condyles,
trochlea, and patellar odd facets probably represents sen-
sation arising from transmission of sensory stimulating
loads to subchondral bone in these areas of thinner carti-
lage, rather than from the cartilage per se. The documen-
tation of sensation arising from the intraosseous environ-
ment of the knee has been shown in prior work by the first
author, where increases in intraosseous pressure caused
transient severe pain.11,12 The general absence of patellar
articular cartilage sensation noted in the current study
provides an explanation for the presence of asymptomatic
chondromalacia that is often found at surgery. This obser-
vation may provide support for those who question the

causal relationship between the presence of patellar chon-
dromalacia and the occurrence of anterior knee pain. Our
present study also confirms the association of asymptom-
atic chondromalacia and normal technetium scintiscans
documented in prior work,11,12 which revealed that ho-
meostasis of the patellar osseous components is possible
despite normal age-related structural failure of the artic-
ular cartilage.

The results of this subjective study may point to new
avenues for research designed to delineate factors that
determine, maintain, and restore normal neurosensory
characteristics of intraarticular structures of musculo-
skeletal systems. Such future research may ultimately
lead to the development of techniques that result in true
restoration of joint homeostasis and function.
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