
J of IMAB. 2019 Oct-Dec;25(4) https://www.journal-imab-bg.org 2847

Original article

MORPHOLOGICAL CHANGES IN THE
PROPRIOCEPTORS OF HUMAN ANTERIOR
CRUCIATE LIGAMENT DURING DEGENERATIVE
OSTEOARTHRITIS

Iskren Gerasimov1,2, Stefan Trifonov 1, Desislava Marinova1, Aleksandar Todorov
1, Iliyana Vacheva 1, Savelina Popovska 3, Asparuh Asparuhov2, Ivan Ivanov 3

1)  Department of Anatomy, Cytology, Histology and Biology, Faculty Medicine,
Medical University Pleven, Bulgaria.
2) Department of Orthopaedics and Trauma, Faculty Medicine, Medical
University Pleven, Bulgaria
3) Department of Pathology, Faculty Medicine, Medical University Pleven,
Bulgaria.

Journal of IMAB - Annual Proceeding (Scientific Papers). 2019 Oct-Dec;25(4)Journal of IMAB
ISSN: 1312-773X
https://www.journal-imab-bg.org

ABSTRACT
Introduction/Aim: The anterior cruciate ligament

(ACL) of the knee joint is one of the most investigated struc-
tures of the musculoskeletal system. Numerous studies are
dedicated to the macro- and micro anatomy of human and
animal ACL, but not many are focused on the
proprioceptors of the ligament. The aim of this study was
to establish a relationship between the proprioceptors and
the stage of degenerative changes in the ACL.

Materials and Methods:  Sixty ACL were harvested
from patients admitted for knee replacement surgery. The
samples were processed, histochemically and immunohis-
tochemically stained according to standard laboratory
protocols. Results were analysed and interpreted. The re-
search was approved by the Ethics Committee of Medical
University Pleven.

Results: Fifty-seven patients were included in our
study – 37 females and 20 males. The average age of pa-
tients was 66.48 years. Degeneration of ACL was classified
in four stages, and four different patterns of degeneration
were observed: 1) necrosis and inflammation; 2) myxoid
and cystic formation; 3) vascularisation with myxoid
changes; 4) inflammation and hyalinosis. With the increas-
ing severity of degeneration, the number of specialized
nervous structures diminish.

Discussion: Our findings support the results from
studies on animal models, conducted by other authors.
Cabuk et al. reported a diminishing number of proprio-
ceptors in the PCL of an osteoarthritic human knee. The
lower number of proprioceptors could result in the onset
or progression of the arthritic process.

Conclusion: Osteoarthritis involves all elements of
the knee joint. Altered proprioception could be the reason
for unsatisfied patients with artificial knees.
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INTRODUCTION/AIM:
The anterior cruciate ligament (ACL) of the knee

joint is one of the most investigated structures of the mus-
culoskeletal system, that continues to provoke debate be-
tween scientists and surgeons. It is thick, stout, intra-articu-
lar, but an extra synovial structure which acts to control
rotational movement and anterior translation of the femur
upon the tibia. ACL originates from a broad anterior inter-
condylar area of the tibia, passes from anterior to poste-
rior, and inserts into the most posterior part of the medial
aspect of the lateral femoral condyle. It is approximately
35mm long and 11mm in diameter on average. It receives
its blood supply from the middle genicular artery and is
exclusively innervated by the tibial nerve [1-3].

Numerous studies about macro- and micro anatomy
of human or animal ACL can be found in the literature, but
not many focused-on proprioceptors exist. Proprioceptors
are specialized structures that detect changes in tension,
acceleration, the direction of movement and the position
of the knee joint. In one of the earliest, detailed light mi-
croscopic study in 1967, Freeman and Wyke [4] proposed
classificational system of mechanoreceptors, that was modi-
fied by Hagert [5] in 2008:

• Type I (Ruffini corpuscle) nerve endings are slow
to adapt and have low mechanical thresholds that can sig-
nal a static joint’s position, the intra-articular pressure and
the amplitude and velocity of a movement (Fig. 1).

• Type II (Pacini corpuscle) nerve endings are low-
threshold and fast-adapting nerve endings that are respon-
sible for signalling the acceleration and deceleration of
joint rotation (Fig. 2).

• Type III (Golgi–Mazzoni corpuscle) nerve endings
are low-threshold and slow-adapting nerve endings that can
measure the tension of ligaments when the joint is at the
extremes of its movement range (Fig. 3).

• Type IV (free) nerve endings are high-threshold
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pain receptors that become activated when they are sub-
jected to abnormal mechanical deformations, such as knee
arthritis or inflammatory processes.

• Type V (unclassified) nerve endings cannot be clas-
sified as one of the previously described categories.

The ultrastructure of proprioceptors was examined
and documented by Halata [6] in 1976 under an electron
microscope.

• Ruffini corpuscles are chiefly near blood vessels,
subsinovially. They are 300-800 µm long and approxi-
mately 300 µm wide. They are composed of 2-6 cylinders,
each consisting of an afferent axon with its dendritic proc-
esses and terminal processes, Schwann cells, endoneural
connective tissue and capsule.

• The second type of nerve ending in the knee joint
capsule is represented by encapsulated corpuscles with an
inner core (Pacinian corpuscles). They are situated near
blood vessels. The corpuscles are either single or in groups
of up to five. In rare cases, a corpuscle is actually inside a
nerve fibre fascicle. In such cases, the corpuscles do not
have a capsule of their own but are enveloped in the
perineurium of the nerve. The encapsulated corpuscles with
an inner bulb are oblong, being 20-40 µm wide and 150-
250 µm long. Each corpuscle consists of an afferent axon,
a lamellar system of Schwann cells (inner core), a space be-
tween the inner bulb and the capsule (subcapsular space)
and a capsule which is a continuation of the perineurium
of the nerve fascicle.

Osteoarthritis is a process that involves all compo-
nents of the knee joint – bone, cartilage, soft tissue, includ-
ing the ACL, blood vessels and nerve endings. Degenera-
tion of the ACL is characterized with loose connective tis-
sue proliferation, cyst formation, myxoid tissue,
chondromatosis, crystals of calcium pyrophosphate, necro-
sis and hyalinosis [7]. Unlike aging, degeneration is char-
acterized by increased cellularity due to perivascular cel-
lular groups and chondrocyte - like cells [8]. Allain et al.
[9] applied histological method on longitudinal sections
to assess degeneration in collagen fibres of ACL, based on
the volume of the damaged collagen. He describes four
stages of degeneration in ACL.

The aim of this study is to establish a relationship
between the proprioceptors and the stage of degenerative
changes of the ACL.

MATERIALS AND METHODS:
Sixty ACL were harvested from patients admitted for

knee replacement surgery in University Hospital “Georgi
Stranski” – Pleven and County Hospital “Teodosi Vitanov”
– Tryavna between September 2018 and March 2019 after
signing informed consent. Excluding criteria, established
by us were previous surgical interventions, medical history
of rheumatoid arthritis or other autoimmune diseases affect-
ing the collagen, multiple corticosteroid applications (more
than one). Samples of more than 1 cm2 were included in
our study. The ACL’s were removed sharply with a scalpel,
cutted once in the longitudinal axis of the collagen fibres,
fixed in 10% buffered formalin, decalcified in EDTA based
solution and embedded in paraffin. Serial sections were cut

in 4 µm thickness on a standard rotatory microtome and
mounted on adhesive slides. Histochemical (Haematoxy-
lin and Eosin, Van Gison) and immunohistochemical (S100
- Dako FLEX Poly Rb a, RTU, Cat. No IR50461-2; NFP –
Dako FLEX Mab a Hu, cl 2F11, RT, Cat, No IR60761-2;
Visualisation system – Dako EnVision FLEX, High pH,
(Link), Cat No. K800021-2) staining was performed accord-
ing to standard laboratory protocols in specific order – 3
slides for Haematoxylin and Eosin, 1 slide for Van Gison,1
slide for S100 or NFP, totally 20 µm thickness. We main-
tained that sequence in order not to miss the single Pacini
corpuscles.  Our team adapted combined histochemical
(PAS/Alcian – BioGnost) and immunohistochemical (S100
– Dako) staining protocol based on the recommendations
of the manufactures to preserve tissue and assess both de-
generation changes in the ACL and receptor count. We per-
formed immunohistochemical staining (S100) first accord-
ing to the standard protocol. After visualisation the sam-
ples were: 1) processed with Alcian Blue pH 2,5 for 45 min.;
2) followed by pouring of the Alcian Blue without wash-
ing; 3) incubated in Sodium tetraborate for 10 min.; 4)
washed with distillate water; 5) stained with Nuclear Fast
Red (Kernechtrot); 6) washed with distillate water; 7) in-
cubated in Periodic Acid (10 min); 8) washed with distil-
late water and dried; 9) incubated in Shiff reagent (15 min);
10) washed with distillate water; 11) stained with Haema-
toxylin (2,5 – 5 min); 12) washed with water (5 min); 13)
dried and covered. Quality of slides was assessed both by
internal (fat tissue) and external control (large intestine).
Results were analysed and interpreted independently by
three specialists in anatomy, cytology and histology and
two specialists in pathology. X square test and Anova were
used for statistical analyse. The research was approved by
the Ethics Committee of Medical University Pleven (No
506/18. 04. 2018).

RESULTS:
Fifty-seven patients were included in our study – 37

females and 20 males. Three samples were excluded due
to technical issues – poor fixation. The average age of pa-
tients was 66.48 years. Degeneration of ACL was classified
in four stages according to Allain et al. [9] histological
method: stage 0 – normal; stage 1 – degenerative lesions
in less than 1/3 of the ligament thickness (Fig. 4, 7); stage
2 – degenerative lesions between 1/3 and 2/3 of the liga-
ment thickness (Fig. 5, 8); stage 3 – degenerative lesions
in more than 2/3 of the ligament thickness (Fig. 6, 9) (Chart
1). There was no statistically significant difference between
the age of the patients when they were divided into differ-
ent groups, based on the stage of degeneration of the ACL
(F = 0.32, p = 0,8104).  Four different patterns of degen-
eration were observed: 1) necrosis and inflammation; 2)
myxoid and cystic formation; 3) vascularisation with
myxoid changes; 4) inflammation and hyalinosis. The av-
erage number of Ruffini corpuscles was 3.57 (2 – 21), and
the average number of lamellar corpuscles was 0.36 (1-3).
With the increasing severity of degeneration, the number
of specialized nervous structures diminished – especially
in stage 2 and stage 3, where we have found a statistically
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significant reduction of the number of proprioceptors com-
pared to stage 0 and stage 1 (X square = 11.46; Df = 2;
p=0.0032) (Table 1).

Fig. 1. Ruffini corpuscle S100/PAS-Alcian blue 400x

Fig. 4. Stage 1 degenerative lesions in less than 1/3
of the ligament thickness HE 200x

Fig. 2. Pacini corpuscle S100/PAS-Alcian blue 400x

Fig. 3. Golgi – Mazzoni S100/PAS-Alcian blue 400x

Fig. 5. Stage 2 degenerative lesions between 1/3 and
2/3 of the ligament thickness HE 200x

Fig. 6. Stage 3 degenerative lesions in more than 2/
3 of the ligament thickness HE 200x
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Fig. 7. Stage 1 degenerative lesions in less than 1/3
of the ligament thickness Van Gison 200x

Chart 1. Stage of degeneration in percentage

Fig. 8. Stage 2 degenerative lesions between 1/3 and
2/3 of the ligament thickness Van Gison 200x

Fig. 9. Stage 3 degenerative lesions in more than 2/
3 of the ligament thickness Van Gison 200x

Table 1. Relationship between the stage of degen-
eration and receptor count

Absence of Presence of
proprioceptors  proprioceptors

Stage 1 3(5.26%) 14 (24.56%)

Stage 2 9 (15.79%) 12(21.05%)

Stage 3 14 (24.56%) 5(8.77%)

X - square = 11.46; Df = 2; p=0.0032
Stage 2 and Stage 3 of degeneration in the ACL are

characterized with a statistically significant diminishing of
proprioceptors compared to stage 0 and stage 1.

DISCUSSION:
Proprioception diminishes with the severity of de-

generation, independent from the age and sex in patients
affected by osteoarthritis. Proprioceptors are not found only
in the ACL, but also in the posterior cruciate ligament, col-
lateral ligaments, joint capsule, etc. One of the reasons for
this event could be a decreased number of proprioceptors,
that we observed in the current study. Other reasons for al-
tered proprioception could be atrophy of muscles or
changes in the central nervous system [10]. Proprioceptors
in intact ACL contribute towards functional stability of the
knee joint. Degenerative changes in the ACL not only af-
fect the mechanical stability but also lead to loss of neu-
romuscular control [11].

Histological and immunohistochemical methods
proved to be reliable in assessing degeneration of ACL and
receptor morphology, as noted by other authors [12-14].
Both immunohistochemical methods (S100 and NFP) pro-
vided similar results in our study. We identified different
types of nerve endings in the ACL, as described by Halata
et al. [6] and Freeman and Wyke [4] – Ruffini corpuscles
(main type), Pacini corpuscles (rarely found), Golgi–
Mazzoni corpuscle (rarely found) and free nerve endings
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(2nd most common) in different proportion. We have used
the histological method implemented by Allain et al. [9]
to access the stage of degeneration and found that single
ACL, in different parts can have a different stage of degen-
eration. Therefor we recommend careful observation of the
whole ACL. In our study, the highest present stage of de-
generation was recorded. With the increasing stage of de-
generation and severity of osteoarthritis, the number of spe-
cialized nervous structures diminished. Our findings sup-
port the results of Aydog et al. [15] who described a di-
minishing number of receptors in experimental animal
study, but we could not find age related connection in ours.
We believe that the severity of degeneration is the main
reason for low number of proprioceptors. Çabuk et al. [16]
reported diminishing number of proprioceptors in the PCL
of osteoarthritic human knee, that is accordance with our
findings for ACL.

One weak spot in our study is that we were unable
to study proprioceptors in intact healthy ACL. Therefor our

results cannot be applied directly to normal ACL.
We found several studies in the literature confirm-

ing the presence of proprioceptors in residual strums of
thorn ACL’s [11, 13, 17]. If ACL remnants play a substan-
tial role in proprioception, healthy or even degenerated
ACL with a lower count of proprioceptors may be even
more important. Lower number of proprioceptors could re-
sult in the onset or progression of arthritic process.

CONCLUSION:
Osteoarthritis affects the whole knee joint, not only

bone but also soft tissues, blood vessels and nerve endings.
Severity of the degenerative process leads to a decreasing
number of proprioceptors. Altered proprioception could be
the reason for unsatisfied patients with artificial knees.
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