Arch Orthop Trauma Surg (2000) 120:201-204 © Springer-Verlag 2000

CLINICAL AND EXPERIMENTAL FORUM

Takatomo Mine - Mituhiro Kimura - Akihito Sakka
Shinya Kawai
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Abstract Using histology, we studied the innervation afiervation of the meniscus has received little attention.
nociceptors in the medial and lateral menisci of the knbay et al. [3] reported that nerves were present in the
joint. Specimens examined were taken from 16 patieotgter one-third of the meniscus and in the anterior and
during arthroplasty. The patients were 6 men and fOsterior horns. Zimny et al. [16] demonstrated neural el-
women, with ages ranging from 14 to 76 years (mean &®ents in the perimeniscal tissue and in the outer and
years). Immunohistochemistry with the unlabeled antiiddle thirds of the meniscus by light and transmission
body biotin-streptavidin method was employed to deteslectron microscopy. This study set out to identify
protein gene product 9.5 (PGP 9.5) or substance P (SRhathanoreceptors and nociceptors.

the specimen. The antibody for PGP 9.5 detected nerve

tissues in the menisci. Most but not all of the nerve fibers

were associated with blood vessels. Nerve fibers and d¥aterials and methods

sory receptors were found mainly in the peripheral, Vas-dial and lateral menisci were obtained from 16 patients under
cular zone, representlng the outer O.ne't.hlrd of the r_ne ing total knee arthroplasty (6 men and 10 worr])1en with ages
cus, and the innervated area was wider in the anterior ing from 14 to 76 years, mean 56 years). The menisci were
posterior horns. Pacinian and Ruffini corpuscles as welliggd with Zamboni's fixative [15] containing 4% paraformalde-
free nerve endings were identified in these areas. Lar%ﬂie and 0.2% picric acid in 0.1 M phosphate buffer (pH 7.4) at
fibers coursed circumferentially in the peripheral zon °C. Then they were demineralized in 0.1 M ethylenediaminote-

ith ller b h f fib - diallv i ra-acetic acid (EDTA), pH 7.3, for 3 or 4 weeks at 4°C [2]. The
with smaller branches ot nerve fibers running radially IntQecimens were rinsed for at least 2 days in 0.1 M phosphate buffer

the meniscus. Nerve fibers positive for SP were also dentaining 30% sucrose.Sections were mounted on separate gelatin-
tected in the menisci, but were fewer in number. Therated glass slides. Then an unlabeled-antibody biotin-streptavidin

branches also were fewer, oriented radially and para”r@pthod (Stravigen, BioGenix Laboratories, Dublin, CAl) was

. - d [4]. Briefly,the sections were incubated with antisera to sub-
ing blood vessels. This study showed that some of ce P (SP) (1:3000) and protein gene product 9.5 (PGP9.5)

pain in cases of meniscal tear could originate in tREs5000) separately diluted in a solution of 1% normal goat serum
meniscus itself, especially with peripheral tears that miayphosphate-buffered saline containing 0.3% Triton X-100, for
be accompanied by bleeding. 72-96 h in a humid chamber at 4 °C. Sections were then incubated
with biotinylated anti-rabbit IgG antibodies for 24 h and strepta-
vidin-horseradish peroxidase complex for 12 h at 4°C. The im-
i munohistochemical reaction product was developed by incubation
Introduction of the sections in a solution of 0.05% diaminobenzidine hy-
drochloride (Sigma, St. Louis) and 0.01% hydrogen peroxide in

Pain in a meniscal injury has been thought to originate Q.I'FL M phosphate buffer for 15-20 min. This reaction was com-

- : .. Pletely blocked by preabsorption of the antibody with 10 nM/ml
ther from distortion of the capsule by the torn menisci Bf (Peptide Institute, Japan) and PGP9.5 (Cambridge Research

from secondary synovitis, because of the absence of nefigghemicals, UK). After washing, tissue sections were dehy-
fibers in the articular cartilage. The menisci function agated in a graded series of alcohol, and mounted under coverslips
stabilizers of the joint and shock absorbers [1, 5, 1®jth Permount.

Mechanoreceptors are important to their function, but in-

Results
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Diagram to Fig. 1
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4 Fig. 1 aNerve fibers and sensory receptors were found mainly! §
the vascular outer third of the meniscus. Nerve fibers were usu§
associated with blood vessels, especially the larger fibers. La
fibers coursed circumferentially in the peripheral zone, wi
smaller branches running radially and sometimes convolutedly
ward the center of the meniscus 40; for topography, see dia-
gram).b The positive area was wider in the anterior hom4(Q).

c No nerve fibers or receptors were seen in the avascular inter
diate or inner third of the menisci (00)

Fig. 2 Most nerve fibers were seen in the interstitial tissut0Q)

Fig. 3 Many free nerve endings were seen in these peripheral
eas & 100)

Fig. 4 aPacinian corpuscles were identified in these periphe
areas X 200).b Golgi-like tension receptor was identified in thes
peripheral areas<(200)

positive area being wider in the anterior and poster
horns (Fig. 1a,b). No nerve fibers or receptors were st
in the avascular intermediate or inner third of the meni
(Fig. 1c). Similar patterns of innervation were seen
both the medial and lateral meniscus. Nerve fibers wes
usually associated with blood vessels, especially lar
fibers. Larger fibers coursed circumferentially in the p
ripheral zone,with smaller branches running radially a
sometimes convolutedly toward the center of the menist
(Fig. 1a). Most nerve fibers were seen in the interstit
tissue (Fig. 2), where many free nerve endings also
seen (Fig. 3). Pacinian and Ruffini corpuscleswere a
identified in these peripheral areas (Fig. 4a, b).
Nerve fiber immunoreceptors for SP,which is specif ) .
for nociceptive fibers, were also detected in the menig Diagram to Fig. 5
again mainly in the vascular outer third,with the positi Fig. 5a
area being relatively wider in the anterior and poster
horns. None of the nerve fibers in the avascular intern
diate or inner third was unstained. The SP-positive zd N
was narrower than the PGP9.5-positive area. Again, m
fibers were associated with blood vessels in the intersti
tissue, especially larger fibers, which tended to course %
cumferentially, as was the case for PGP9.5. SP-immu
reactive fibers were fewer in number than the PGP9
positive nerves and receptors. Their diameters were ¢
smaller than the PGP9.5-positive nerve fibers. Th Fig. 5b
branches were also fewer and ran radially, paraIIeIIi
blood vessels. Many free nerve endings were seen in7™ =
peripheral areas, but Pacinian and Ruffini corpuscles W e
not positive for SP (Figs. 5a,b, 6).

Fig. 5 a Substance P (SP)-positive zone was narrower than
protein gene product (PGP) 9.5-positive area. Most fibers wer
sociated with blood vessels in the interstitial tissue, especia
larger fibers, which tended to course circumferentially, as was
case for PGP9.5. Their branches were also fewer and ran radially,
parallelling blood vesselsx(100; for topography see diagram)!
b The positive area was wider in the posterior hor%00)

Fig. 6 SP-immunoreactive fibersafrowhead} were fewer in 459' ”
number than the PGP9.5-positive nerves and receptors. Their dig:
meters were also smaller than PGP9.5-positive nerve fikd@Q)
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_ . mation related to mechanical stimulation including mo-
Discussion tion and excessive loading, and may be related to protec-

tive reflexes.This is supported by our observation of

The medial and lateral menisci have an important functipgcinian corpuscles, which are rapidly adapting receptors.
in load transmission, gliding movements, nutrition of the

articular cartilage,and stability of the knee joint, as do tAeknowledgement This work was supported financially in part
cruciate and other ligaments [1, 5, 12]. Progressive §%the Grants-in-Aid for Scientific Research of Priority Areas (no.
teoarthritis has been observed after meniscectomy. TOO _;::.141) from the Ministry of Education, Science and Culture in
sure smooth gliding movement and avoid excessive mo-
tion, the innervation in the meniscus is very important.
Zimny et al. [16] noted nerve fibers penetrating from thgerence
perimeniscal tissue into the outer third of the meniscus,
with a heavier concentration at the horns, and identified Barnet CH (1954) The structure and function of fibrocartilage
Ruffini endings, Golgi tendon organs and Pacinian cor- Vélimiﬁo\lﬁrt:bzg ei%igrtséJAAgithﬁgi)g?3—M3€(‘>fgsg) Eixation and
pUSCIeSZ O“.r study demonstrated ngrve fibers and. reCgpélémineraliz’ation of %oné tissue fgr immunohistochemical
tors mainly in the vascular outer third of the meniscus. siaining of neuropeptide. Calcif Tissue Int 45: 227-231
Nerve fibers probably do not exist in the avascular areas. Day B, MacKenzie WE, Shim SS, et al (1985) The vascular

In this study we found nerve fibers and receptors po%a_!;d ngl\r/\lle RSU_pplyLmE Igglh)ugwar: meziscu%-Arthré)S;OPy 1:58-62

i 1 u , Remne rotein A, avidin an 1otn N 1Im-
?aeniflglgo;hcel onseellj;olpeelgttle%ezespidags Er%ﬁv?]sassgsﬁ)l/?(?rﬁf\g munohistochemistry. J Histochem Cytochem 29: 1349-1353
: . . " . . .Kennedy JC, Alexander 13, Hayes KL, et al (1982) Nerve sup-

and is one of the neurotransmitters in nociceptive fibersply of the human knee and its functional importance. Am J
[6, 9, 10, 11]. Pain in a meniscal injury has been thoughtSports Med 10: 329-335
to arise from traction on the capsule from torn menisci ¢ Kci;:]elggi\,\//lé Qfgiﬁﬁs?a’nﬁgepTé r?é ?:la(ltl:igt,c?r?i)nNeeng Ig)I:::c;mrgut-ide
from Se.c.ondary syn_OVItIS. As we ha_we demonstrated tha‘l% the cervical spinal ventral roots of the r%ouse. Cell 'IPisgue
SP-positive nerve fibers were peripherally located andres 277: 273-278
typically associated with blood vessels, we suggest thatMartin JH (1985) Principles of neural science. In: Knadel JH
some of the pain in cases of meniscal tear might arise(ed) Receptor physiology and submodality coding inthe so-

: ; ; : matic sensory system. Elsevier, New York, pp 287-300
from the meniscus itself, especially for peripheral tearg. O’Connor B (1978) The structure and innervation of cat knee

accompanied by bleeding. _ o menisci and their relation to a ‘sensory hypothesis’ of meniscal
Based on the results of our investigations, the mecha<function. Am J Anat 153: 431-442
nism of pain sensation at the time of a fresh meniscal teaOtsuka M, Konishi S (1976) Release of substance P-like im-

can be explained as follows: When a meniscal tear occurghunoreactivity from isolated spinal cord of newborn rat. Na-

in the avascular (non-innervated) area, pain derives flQfiro4e 3. Dhillon AP, Doran JF, et al (1985) PGP9.5, a new
stimulation, resulting from deterioration of the micromil- marker for human neuroendocrine tumors. Histopathology 9:

ius around the torn meniscus, to nociceptors in the syn-147-158 o o
ovia and joint capsule. On the other hand, when a menik-Schaible HG (1983) Activation of groups and sensory units in

: : edial articular nerve by local mechanical stimulation of knee
cal tear occurs in the vascular (innervated) area, some Ofint. J Neurophysiol 49: 35-44

the pain derives from a direct injury to nerve tissues in thseedhom BB, Dowson D, Wright V (1974) Function of menisci.
meniscus as well as the aforementioned mechanism [13].A preliminary study. J Bone Joint Surg [Br] 56: 381-382

As sequelae to the meniscal tear, the following evéd Thompson RJ, Doran JF, Jackson P, et al (1983) PGP9.5 — a

can be speculated. When a torn meniscus is stable an ew marker for vertebrate neurons and neuroendocrine cells.
’ rain Res 278: 224-228

maintains normal function, pain may not arise. Howevey wilson AS, Legg FG, Mcneur JC (1969) Studies on the inner-
pain can arise from stimulation to nociceptors of the vation of the medial meniscus in the human knee joint. Anat
meniscus itself, if the tear progresses over to the vasculaRec 165: 486-492
area. Furthermore, when the meniscus become unstabiezamboni L, De Martino C (1967) Buffered picric acid-formal-
much of the pain may originate from traction on the cap- g%}ygse:' 1a4§ew’ rapid fixation for electron microscopy. J Cell
sule, caused by the torn meniscus, or from secondary s\zimny ML, Albright D, Dabezies D (1988) Mechanoreceptors
ovitis, caused by associated injury of the articular carti- in the human medial meniscus. Acta Anat 133: 35-40
lage [3,5, 14].

The population of nerve fibers and receptors within a
meniscus provides the central nervous system with infor-




