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Article Focus
 � The comparison of pain behaviour and 

osteoarthritis progression between ante-
rior cruciate ligament transection (aclT) 
and osteochondral injury in a rat model.

Key Messages
 � The pain behaviour patterns developed 

differently in the aclT and osteochondral 
injury models.

 � certain types of knee injury can affect the 
progression of osteoarthritis (oa), in 
which more severe oa tended to develop 

in the aclT model than in the osteochon-
dral injury model.

Strengths and limitations
 � The different types of knee injury models 

in rats, including aclT and osteochon-
dral injury models, were directly com-
pared in terms of the pain behaviour and 
oa progression.

 � This study has demonstrated only the 
pain pattern and the oa progression, 
however, the underlying mechanisms 
that caused these differences have not 
been determined to date.

comparison of pain behaviour and 
osteoarthritis progression between 
anterior cruciate ligament transection 
and osteochondral injury in rat models

Objectives
In this study, we compared the pain behaviour and osteoarthritis (oA) progression between 
anterior cruciate ligament transection (AcLT) and osteochondral injury in surgically-induced 
oA rat models.

Methods
oA was induced in the knee joints of male Wistar rats using transection of the AcL or induc-
tion of osteochondral injury. changes in the percentage of high limb weight distribution 
(%HLWD) on the operated hind limb were used to determine the pain behaviour in these 
models. The development of oA was assessed and compared using a histological evaluation 
based on the osteoarthritis Research society International (oARsI) cartilage oA histopathol-
ogy score.

Results
Both models showed an increase in joint pain as indicated by a significant (p < 0.05) 
decrease in the values of %HLWD at one week post-surgery. In the osteochondral injury 
model, the %HLWD returned to normal within three weeks, while in the AcLT model, a sig-
nificant decrease in the %HLWD was persistent over an eight-week period. In addition, oA 
progression was more advanced in the AcLT model than in the osteochondral injury model. 
Furthermore, the AcLT model exhibited a higher mean oA score than that of the osteochon-
dral injury model at 12 weeks.

Conclusion
The development of pain patterns in the AcLT and osteochondral injury models is different 
in that the oA progression was significant in the AcLT model. Although both can be used as 
models for a post-traumatic injury of the knee, the selection of appropriate models for oA in 
preclinical studies should be specified and relevant to the clinical scenario.
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introduction
osteoarthritis (oa) commonly affects the weight-bearing 
joints,1 and is associated with articular cartilage degen-
eration and subchondral bone sclerosis at the joint mar-
gins.2 The common clinical features of oa include joint 
pain, swelling, stiffness and crepitation, with loss of joint 
function that results in a reduced quality of life in 
patients.3 In approximately 12% of patients, oa may be 
secondary to an underlying condition, including prior 
joint injury, abnormal mechanical loading (i.e. bowed 
legs), an inflammatory arthropathy such as gout, and 
metabolic conditions such as diabetes. In addition, oa 
may be secondary to trauma, and injury to the joint is 
either by direct cartilage injury, or disruption to the liga-
mentous stabilizers of the joint, and may be one of the 
aetiologies of post-traumatic secondary oa.4,5

Initially, oa changes in the joint may be asympto-
matic, and it may take some years for either symptoms or 
physical signs to become evident. a variety of animal 
models have been developed to enable investigators to 
study the development of oa over a limited time scale.6,7 
animals of various species have been investigated and 
the pathological features observed in human oa can be 
replicated in the animal model.6-8 however, no single 
model is sufficient to reproduce all aspects of the pathol-
ogy of human oa.6 animal oa models can be broadly 
classified into three groups, including naturally occurring 
(i.e. a spontaneous disease), chemically-induced, and 
surgically-induced joint instability models.9,10

as secondary oa is often post-traumatic, surgically-
induced oa models, such as those of anterior cruciate 
ligament transection (aclT), and osteochondral injury, 
were used in this study to mimic human joint trauma. 
The aclT model is one of the most widely used, and may 
reproduce the post-traumatic oa changes, as reported in 
humans.6,11 The anterior cruciate ligament (acl) is one of 
the four primary stabilizers of the knee, and prevents 
anterior translation of the tibia.12 In animals, oa can be 
surgically induced by transection of the acl, which leads 
to symptomatic joint pain and structural joint changes. 
The aclT model can be developed and reproduced in a 
variety of species, including rats, mice, guinea pigs, rab-
bits, cats, dogs, sheep and monkeys.13 This model can 
demonstrate osteoarthritic features similar to those 
observed in human oa, including articular cartilage deg-
radation, subchondral bone sclerosis and osteophyte 
formation.14,15

cartilage or osteochondral injury is strongly associ-
ated with a higher incidence of oa.16 Similar to an acl 
injury, an osteochondral injury can be post-traumatic 
and may be the result of sports injuries or other accidents. 
There has been increased clinical interest in treating focal 
cartilage injuries to eliminate symptomatic joint pain and 
prevent the progression of oa.17 Direct injury to the joint, 
including creation of a focal osteochondral defect, is a 

common method to induce cartilage loss, and can be 
used to investigate the treatment strategy for cartilage 
regeneration in preclinical studies.18 however, there is lit-
tle evidence of an osteochondral injury contributing to 
the progression of oa in an animal model, and so whether 
a localised cartilage injury can result in secondary oa 
changes, remains a controversial topic of debate.19

In recent years, various small animal models of oa 
have been established, and have been used in a number 
of studies to understand the pathophysiology of oa and 
to evaluate new treatment options for oa.20,21 There is, 
however, a lack of information regarding the relationship 
between oa-related pain behaviour in surgically-induced 
oa models, and the progression of oa over time. While 
pain outcomes have not been described for osteochon-
dral injury models, they have been reported for aclT, 
including data on temporal patterns and its relationship 
to oa pathology. Thus, the objectives of this study were 
to compare the development of oa-related pain behav-
iour patterns and the histopathological progression of 
oa between these two animal models of oa. The find-
ings of this study may help better to understand the clini-
cal manifestation of articular pain and the natural history 
of different injury types regarding the progression of the 
secondary oa resulting from direct cartilage injury and 
ligament injury.

Materials and Methods
experimental animals. The experimental protocols were 
approved by the animal Ethics committee at the Faculty 
of Science, Mahidol University of Thailand (Protocol No. 
212 and MUSc58-009-324). The study was conducted 
on a total of 51 male Wistar rats at six weeks of age that 
weighed 140 g to 180 g at the time that the animals 
were received. The rats were obtained from the National 
laboratory animal centre, Mahidol University, Thailand, 
and they were housed in pairs and allowed to acclimatize 
to the laboratory housing conditions for a week prior to 
starting the experimental procedures. The rats were kept 
in a temperature-controlled room (mean 20°c, sd 2°c) 
maintained at a mean humidity of 60% (sd 10%) with 
a 12-by-12-hour dark-light cycle. Standard laboratory rat 
food and water were supplied ad libitum.
Surgical procedure. Following anaesthesia using a mix-
ture of xylazine (5 mg/kg, Thai Meiji Pharmaceutical co. 
ltd, Bangkok, Thailand) and Zoletil (40 mg/kg, virbac 
laboratories, carros, France) administered by a single 
intraperitoneal injection, the surgical areas around the 
right knee joint were shaved and disinfected with povi-
done iodine. a longitudinal incision was made over the 
patella, and after blunt soft-tissue dissection, the medial 
side of the joint was opened with a scalpel and the patella 
was dislocated laterally to expose the femoral condyles. 
In the aclT model, the acl was transected (Fig. 1a) as 
previously described,15,22,23 and the transection was 
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confirmed by an anterior drawer test.23 For the osteo-
chondral injury model, the injury was created using a 
1.4mm diameter Kirschner (K-) wire to a depth of 3 mm 
in the medial femoral condyle, until it reached the bone 
marrow region (Fig. 1b).24 Sham animals underwent the 
same operation as oa-induced animals, without tran-
section of the acl or an osteochondral injury. after the 
procedure, the wound was closed in layers with vicryl 
4-0 braided absorbable sutures and 4-0 silk sutures to the 
skin. (Ethicon, livingston, United Kingdom). cefazolin 
(cefaben 20 mg/kg; l.B.S laboratory ltd, Part, Bangkok, 
Thailand) was administered via subcutaneous injection 
30 minutes prior to surgery and every day after the pro-
cedure for four days to prevent postoperative infection.
Assessment of pain-related behaviour. a total of 31 
male Wistar rats were randomly assigned into four 
groups: Group 1 - control naïve group (n = 6); Group 
2- sham group (n = 7); Group 3- aclT group (n = 10) 
and Group 4- osteochondral injury group (n = 8). The 
pain assessment was carried out weekly for up to eight 
weeks after operation using the hind limb weight-bear-
ing test (Incapacitance meter; columbus Instruments 
International, columbus, ohio). This technique measures 
the difference in weight bearing between the operated 
and non-operated contralateral limbs. changes in the 
hind limb weight distribution (%hlWD) on the operated 
hind limb were used to determine the degree of knee 
joint pain. The %hlWD was determined as described 
previously.22

tissue preparation and histopathological evaluation. In 
addition to the animals used in the pain-related behav-
iour study, an additional group of 20 male Wistar rats 
was obtained for histopathological study, and the ani-
mals were randomly assigned to four groups (n = 5/
group) according to the animal model (aclT or osteo-
chondral defect groups) and experimental endpoints (4 
or 12 weeks after surgery). Following the last pain assess-
ment at week 8 for pain-related behaviour study, as well 
as at 4 and 12 weeks post-surgery for histopathological 

study, the animals were euthanized via intraperitoneal 
injection of thiopental (Nembutal, 100 mg/kg; ceva 
Santé animale, libourne, France). The knee joints on the 
operated hind limb were collected for histopathological 
comparisons between the two surgically-induced models 
and control groups (naïve and sham) at each timepoint.

The knee joint on the operated hind limb was pre-
served in 10% neutral buffered formalin (NBF) for three 
days, and it was subsequently decalcified for three weeks 
in 10% ethylenediaminetetraacetic acid. The decalcified 
joints were then embedded in paraffin and cut into coro-
nal sections of 4 μm to 5 μm through the medial tibial 
plateau surfaces. The tissue slides were stained with 
haematoxylin and eosin (h&E) to evaluate the general 
morphology of the joint cartilage. The histopathological 
progression of oa in all experimental groups was deter-
mined twice for each animal (one section per joint) by an 
experienced pathologist in a blinded manner, and the 
average of scores were used for analysis according to the 
osteoarthritis research Society International (oarSI) his-
topathology score.25

on each section, the following parameters were deter-
mined: matrix loss, cartilage degeneration, subchondral 
involvement and osteophytes. a multiplication of the 
assessment based on both the severity (grade) and extent 
(stage) of oa in the articular cartilage was calculated. The 
morphological features of articular surface were divided 
into seven grades, depending on the severity: Grade 0, 
normal and both matrix and cells are intact; Grade 1, 
superficial and intact with mild fibrillation; Grade 2, sur-
face discontinuity; Grade 3, vertical fissures (clefts) involv-
ing the mid-zone; Grade 4, matrix loss/delamination of 
the superficial layer; Grade 5, denudation of the surface 
with subchondral bone involvement; and Grade 6, defor-
mation of the joint. Grades 1 to 4 involve articular carti-
lage changes only, whereas grades 5 and 6 involve the 
subchondral bone.

The oa stages were defined according to the horizon-
tal extent (width) of the involved cartilage surface irre-
spective of underlying oa grade. Based on the 
microscopic section, the representative involvement was 
as follows:

- Stage 1; < 10%
- Stage 2; 10% to 25%
- Stage 3; 25% to 50%
- Stage 4; > 50%.

In this study, the whole area of the tibial plateau was 
considered to be 100%. This score allowed standardiza-
tion and comparison of results between two surgically 
induced oa models in the present study.
Statistical analysis. all data were expressed as the mean 
and standard error of the mean (sem). Statistical signifi-
cance was determined using one-way analysis of vari-
ance (aNova) followed by Tukey’s post hoc test for 

 Fig. 1a  Fig. 1b

Images showing the induction of surgically induced osteoarthritis models: a) 
anterior cruciate ligament transection; b) osteochondral defect.
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multiple comparisons. Statistical analysis was performed 
with GraphPad Prism (la Jolla, california) (version 6.0). a 
p-value < 0.05 indicated a significant difference between 
groups.

Results
time course for development of OA-related pain. one 
week after surgery, a maximal level of change in the 
%hlWD was clearly observed in each experimental group 
(except for the naïve group,) and a significant reduction 
in the mean %hlWD was observed in both surgically 

induced oa groups compared with the sham group 
(Fig. 2). This outcome was accompanied by a significant 
(p < 0.05) decline in the %hlWD of the aclT group and 
osteochondral group, which decreased from 49.9% (sem 
0.2%) to 35.6% (sem 1.9%) and from 50.0% (sem 0.1%) 
to 38.2% (sem 1.0%), respectively (Fig. 2).

There was no significant difference in the mean 
%hlWD at this one-week time period between the two 
models. after this, the mean %hlWD in the osteochon-
dral injury group returned to its preoperative status 
within three weeks of surgery. In contast, this was not 
observed in the aclT group (41.7%, sem 0.9%), and the 
mean %hlWD remained significantly lower compared 
with the sham (49.6%, sem 0.6%) and osteochondral 
injury (49.6%, sem 0.5%) groups throughout the study 
period.
histopathological evaluation in the articular cartilage.  
histopathological changes were assessed from h&E-
stained sections obtained from the femoral condyle. 
These changes were determined in parallel with the 
time course for the development of pain behaviour. 
No changes were observed in the quality of cartilage 
for either the naïve or sham groups at 12 weeks post-
surgery, in which the surface of the articular cartilage 
is smooth with a normal distribution of cartilaginous 
cells and an intact osteochondral junction (Figs 3a and 
3b). For the aclT group, histopathological changes in 
the articular cartilage surfaces were observed, includ-
ing delamination of the articular surface with cloning of 
chondrocytes in the transitional zone (Fig. 3c), a vertical 
fissure caused by erosion extending into the transitional 
zone (Fig. 3d), and extensive erosion, loss of matrix and 
hypocellularity chondrocytes (Fig. 3e) at four, eight and 
12 weeks post-surgery, respectively. In the osteochon-
dral injury group, different histopathological changes 
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Fig. 2

Graph showing the course of time for the development of an osteoarthritis 
(oa)-related pain profile in surgically-induced oa models. The pain-related 
behavioural results were expressed as the mean percentage of weight- bearing 
distribution on the operated hind limb (*p < 0.05 versus sham and naïve 
groups). Each point represents the mean and standard error of the mean of 
each group. aclT, anterior cruciate ligament transection.

 Fig. 3e Fig. 3f Fig. 3g Fig. 3h 

histopathological evaluation of representative haematoxylin and eosin (h&E) staining sections of articular cartilage from the rat femoral condyle in the (a) naïve 
and (b) sham groups at 12 weeks post-surgery, and in the (c to e) anterior cruciate ligament transection (aclT) and (f to h) osteochondral injury groups at four, 
eight and 12 weeks post-surgery, respectively (original magnification, x 100).

 Fig. 3a Fig. 3b Fig. 3c Fig. 3d 



248 T. TawonsawaTruk, o. sriwaTananukulkiT, w. HimakHun, w. HemsTapaT

Bone & JoinT researCH

in the articular cartilage surfaces was found and these 
changes included surface irregularity and disorientation 
chondrocytes (Fig. 3f), erosion of a superficial layer with 
hypocellularity chondrocytes (Fig. 3g), and reparative tis-
sue with fibrocartilage formation (Fig. 3h) at four, eight 
and 12 weeks post-surgery, respectively.

These changes were further evaluated by using the 
oarSI histopathology score. The mean (sem) oarSI 
scores for the aclT group, which were observed at four, 
eight and 12 weeks post-surgery, were 7.2 (sem 0.7) 
(n = 5), 10.5 (sem 1.0) (n = 5) and 15.2 (sem 0.6) (n = 5), 
respectively (Fig. 4a). a significant difference (p < 0.05) 
in the oarSI score was also observed at 12 weeks com-
pared with scores observed at four and eight weeks post-
surgery. In contrast to the aclT group, no significant 
difference in the mean (sem) oarSI scores was observed 
in the osteochondral defect group at any time period, 

which suggests that the osteochondral defect did not 
contribute to the progression of oa in this model. In 
addition, the results from histological grading also 
revealed that the oa area in the aclT animals were 
between stage 3 (25% to 50% involvement) and stage 4 
(> 50% involvement), while in the osteochondral injury 
animals, the oa areas found were only between 10% and 
25% involvement (stages 2 and 3).

The severity of oa progression in both models was 
evaluated, and the oarSI scores of both models were 
compared at the end of the follow-up period (12 weeks 
post-surgery). There was a significant difference (p < 
0.05) in the mean (sem) oarSI scores between both 
models and the sham and naïve groups. In addition, the 
mean (sem) oarSI score of the aclT model was signifi-
cantly higher than that of the osteochondral injury model 
(15.2, sem 0.6; 6.0, sem 1.2) (Fig. 5).

Discussion
In this study, the development of oa-related pain behav-
iour patterns and the histopathological progression of 
oa were determined and compared between aclT and 
osteochondral injury models. Pain-related behaviour was 
observed in both surgical groups, but the pain patterns 
were different. In the osteochondral injury model, pain 
had subsided by week 3 after surgery, whereas in the 
aclT model, pain persisted throughout the study period. 
consistent with this finding, the oarSI score of the aclT 
model increased over a 12-week period, and was signifi-
cantly higher than the osteochondral injury model score 
at week 12 after the operation, which suggests that the 
aclT model can induce the development of oa pain in 
parallel with the progression of oa. The findings demon-
strated that joint pain and the subsequent structural 
changes occur in the rat aclT model, which is similar to 
previously reported results.14,15 The finding in the aclT 
animal model of progressive degenerative changes over 
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time with persistent pain induced behaviour might pro-
vide a good experimental model to better understand the 
natural history of the acl deficient knee in humans.

a number of animal models have been described to 
produce oa in animal joints and these have been devel-
oped to mimic different aspects of oa. There is no single 
model that can reproduce all the different causes of oa. It 
is reported that the risk of post-traumatic oa ranges from 
approximately 20%, to more than 50%.26 Understanding 
the natural history of post-traumatic pain may help to 
improve treatment of patients with joint injuries, and 
prevent further development of oa. Joint instability can 
result in pain and dysfunction and ultimately the devel-
opment of oa.27 Injury to the acl is common, particu-
larly in the young adult population.28 In a long-term 
cohort study, it was reported that patients who sustained 
an acl injury were at a substantially increased risk for the 
development of secondary oa in both patellofemoral 
and tibiofemoral joints.29,30 although acl reconstruction 
can reduce symptoms of knee instability, a 14-year fol-
low-up study of a randomized controlled trial, which 
included patients who underwent acl reconstruction, 
showed a three-fold increase in oa compared with the 
contralateral healthy knee.31

articular cartilage injury or trauma has been reported in 
36% of athletes, and that incidence is more than two times 
higher than the general population.32 cartilage damage 
may be due to a direct traumatic injury, or associated with 
a repetitive injury of the joint, and it is likely to progress to 
oa over time. a 14-year clinical and radiological follow-up 
study in 28 young athletes who had isolated severe chon-
dral damage in the weight-bearing condyles demonstrated 
a significant decline in athletic activity with radiological 
evidence of oa.33 a number of techniques have been 
described to induce a reparative process for cartilage 
defects to restore the normal structure of cartilage in order 
to eliminate pain, improve function, and delay the pro-
gression of oa. In this study, the cartilage defect was pro-
duced using a K-wire inserted into the medial femoral 
condyle until it reached the bone marrow. The osteochon-
dral injury is classified as international cartilage repair soci-
ety (IcrS) grade 4, which is the most severe type of 
cartilage defect, and should represent the highest grade of 
cartilage injury.34 however, the results of the histological 
scoring of oa did not increase over a 12-week period, 
which suggests there was no progression of the localized 
osteochodral defect to oa. This failure to progress may be 
as a result of the relatively short timescale between injury 
and histological analysis. clinically, after an osteochondral 
injury pain may subside without intervention,35 but pro-
gression in deterioration of the cartilage and the develop-
ment of secondary oa progression will only be observed 
with long-term follow-up studies.

Pain is a common clinical feature of joint injury and 
can be observed in both animals and humans. The evalu-
ation and quantification of pain in animals may be useful 

and relevant for clinical situations. There are several 
behavioural tests that can be used to assess oa pain in 
rodent models.36-38 Weight-bearing asymmetry of the 
limb has been used as an surrogate indicator of static 
joint pain.39 and will result in a robust and reproducible 
measure.40,41 In this study, the pain-related behaviour 
was assessed by measuring changes in the mean percent-
age of weight-bearing distribution on the operated rat 
hind limb. It was observed that in both the aclT and 
osteochondral injury models, there was pain related 
behaviour one week after surgery, but this pain only per-
sisted in the aclT model, for the entire study period. The 
pain may be caused by either knee instability or progres-
sion of the oa, or both pathologies. In contrast, the pain 
related behaviour disappeared by three weeks post- 
surgery in the osteochondral injury model. The initial 
pain possibly occurred from the injury and the surgery 
and it is likely that with healing of the surgical wound and 
the chondral defect, pain subsided. however, oa did not 
develop in the osteochondral injury as early as in the 
aclT model. From this finding, we conclude that the 
oa-related pain behaviour induced by different types of 
injuries were different, and that the progression rate of 
oa also depends on the type of surgical model used.

The two animal models that we have studied are often 
used to reproduce a common orthopaedic condition in 
humans. although this study in rats has shown a relation-
ship between the pain-related behaviour and the pro-
gression of oa in both the aclT and osteochondral injury 
models, there are some limitations: a small animal model 
may not directly reflect the clinical findings in humans, 
and while a larger animal model may be more clinically 
relevant, due to ethical concerns and the timescale 
required for oa to develop, studies in small animals are 
more appropriate for proof of concept. a further limita-
tion in the osteochondral injury model is the standard-
ized 1.4 mm focal defect created using K-wire. The type 
of injury produced in an animal model should be consist-
ent to produce a standard change in the knee and obtain 
reproducible results in a preclinical study. clinically, the 
osteochondral defects in the human knee will of course 
vary in size and degree of severity. The osteochondral 
defect model we have used may not be considered the 
standard for oa. however, this study was designed to 
determine the pain behaviour and the progression of oa 
caused by different types of injury, and to compare with 
the aclT model, which is more commonly used for oa. 
although we did not find oa progression in the osteo-
chondral injury model, this may be due to the relatively 
short follow-up period, and further investigation over a 
longer study period may be required. The primary aim of 
this study was focused on the severity of cartilage degra-
dation, we did not evaluate the degree of the associated 
synovitis. Further studies examining the synovitic changes 
may also help better to understand the relationship 
between synovitis, pain and oa progression. In addition, 
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the relevant underlying molecular mechanism of oa 
could be further investigated from this model.42 The pain 
of oa is multifactorial and includes both peripheral and 
central nervous system components. The present study 
only assessed the peripheral pain by measuring the abil-
ity of the animal to bear weight on an affected limb, and 
although the other causes of pain in oa will not be 
assessed, we believe that this approach is acceptable and 
has been reported to produce rapid, robust and repro-
ducible measurements in rat oa models.9,13,43 The pain 
response to injury observed in both animals44 and 
humans45 varies with age, and so the experimental find-
ings of the model that uses young animals may not be 
applicable to older ones. In addition, oa progression 
after injury also varies with age, and so it is important to 
compare the findings with other studies that use animals 
in a similar age range.

In conclusion, this study demonstrated that the pain 
patterns in the aclT and osteochondral injury models are 
different. In addition, after histological analysis, we noted 
that the aclT model produced significant oa changes, in 
contrast the osteochondral injury model resulted in mini-
mal oa changes. These findings may reflect the variation 
in clinical findings after a knee injury, and so the selection 
of an appropriate model for oa in preclinical studies 
should be specific and relevant to the clinical scenario.
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