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Abstract
Objective Tibial spiking (i.e., spurring of tibial spines),
eburnation, and osteophytes are considered features of
osteoarthritis. This investigation employed direct inspection
of the medial and lateral tibial plateaus in paleopathological
specimens to analyze the frequency and morphological
features of osteoarthritis and to define any relationship
between the size of osteophytes and that of the intercondy-
lar tibial spines.
Materials and Methods A total of 35 tibial bone specimens
were evaluated for the degree of osteoarthritis and presence
of eburnation. Each plateau was also divided into four
quadrants and the presence and size of bone outgrowths
were recorded in each quadrant. The “medial/lateral tibial
intercondylar spine index” for each specimen was calculat-
ed as follows: (medial/lateral intercondylar tibial spine
height)/(anteroposterior width of the superior tibial surface).
The relationships between medial and lateral tibial height
indexes with the degree of osteoarthritis were then tested.
Results Osteophytes were observed more frequently in the
anterior quadrants of both tibial plateaus than in the
posterior quadrants (29 vs 16 for the medial tibial plateau

[p=0.01] and 28 vs 20 for the lateral tibial plateau [p=
0.04]). Eburnation was seen more frequently in the
posterior regions of both tibial plateaus than in the anterior
regions (17 vs 5, p<0.01). In specimens with no signs of
osteoarthritis the lateral intercondylar tibial index was
significantly lower than that in specimens with some degree
of osteoarthritis (p=0.02). The medial intercondylar tibial
index of the specimens with no signs of osteoarthritis was
not significantly different from that of the specimens with
some degree of osteoarthritis (p=0.45). There was a
positive correlation between the lateral spine height index
and the overall grading of osteoarthritis, (r=0.6, p<0.01).
In the anteromedial and posteromedial quadrants of the
lateral tibial plateau, the association between the lateral
intercondylar tibial spine index and the grade of osteo-
phytes was 0.5 (p<0.01) and 0.7 (p<0.01) respectively.
Conclusion Spiking of the lateral tibial intercondylar spine
is associated with osteophyte formation and osteoarthritis.
Eburnation occurs mainly in the posterior parts of the tibial
plateaus while osteophytes arise mainly in the anterior
parts. These findings suggest that stresses occurring in the
flexed knee may contribute to many of the morphological
abnormalities of osteoarthritis.
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Introduction

Osteoarthritis is a degenerative disease that involves
articular cartilage and targets certain joints such as the
knee. Radiographic findings of osteoarthritis include joint
space narrowing, marginal osteophytes, bone cysts and
subchondral bone sclerosis, and the absence of bone
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atrophy [1]. Osteophytes are formed in response to abnormal
stresses at the joint margins; however, other factors such as
genetic susceptibility and systemic predisposition may also
contribute to their formation [2]. Conventional radiography is
the most widely accepted modality for the detection of
osteoarthritis, especially for epidemiological purposes. In-
deed, the generally accepted classification system that grades
the radiographic severity of osteoarthritis was introduced by
Kellgren and Lawrence in 1957 [3], and their grading system
emphasizes the presence and size of the osteophytes along
with joint space narrowing. Radiographs, however, are
generally inadequate in assessing the occurrence and
characteristics of small osteophytes and enthesophytes
(Figs. 1, 2) [4]. One of the radiographic features employed
for the detection of osteoarthritis is tibial “spiking.” Indeed,
tibial spiking (i.e., spurring of tibial spines) is reported as a
reliable marker in the detection of early osteoarthritis [5–7].
However, the reliability of this finding as a feature of an
early stage of osteoarthritis is not clear since tibial spiking is
also evident in cases of well-established osteoarthritis [7].
Compared with radiography, direct physical inspection of
bone allows more accurate analysis of the presence, site and
characteristics of surface irregularities, and excrescences
[8, 9]. This investigation employed direct inspection of the
medial and lateral tibial plateaus in paleopathological speci-
mens to analyze the frequency and morphological features of
surface bone excrescences and to define any relationship
between the size of osteophytes and that of the intercondylar
tibial spines.

Materials and methods

A total of 44 well preserved, skeletally mature tibial
specimens from the collection of a local museum were
initially analyzed. Most of the bones had their origin in the
early to mid-1900s. Information regarding the gender,
occupation, or age at death was available for only a few
specimens. Five of these bone specimens were then
excluded from the study due to severe deformity or
artifacts. Eight of the specimens were in pairs (i.e., right
and left tibiae). To minimize any bias produced by
similarity between right and left knees in these paired
specimens, only one tibial specimen was randomly chosen
from each pair for further assessment and the other was
excluded from the analysis [10]. Therefore, a total of 35
tibial bone specimens were evaluated. Each tibial plateau
was divided into four quadrants of a circle. Each quadrant
was named with respect to its position relative to the
sagittal and coronal planes of the body. One of the
observers (M.H.), a medical doctor, who had prior
experience in the inspection of paleopathological specimens
[11] assessed the four quadrants, (i.e., anteromedial, antero-
lateral, posteromedial, and posterolateral) by visual and
tactile observation for the presence or absence of out-
growths (Figs. 1, 3). The outgrowths were classified on a
continuous scale of 0 to 3 (0 = no outgrowth, 1 = small
beak-like outgrowth, 3 = large (≥2 mm) or mushroom-like
outgrowth, and 2 = outgrowth between grades 1 and 3). If
there was more than one outgrowth (with different grades)
in a single quadrant, the highest grade was recorded. Thus,
in quadrants with multiple outgrowths of different grades,
only one osteophyte grade per quadrant was recorded. The
height of the medial and lateral intercondylar tibial spines
was also measured, calculated from the tip of the spine to
its base at the intercondylar surface using a caliper. All the
measurements were expressed in millimeters. Measured
values were then normalized in view of the difference in the
size of the tibial specimens. The anteroposterior width of

Fig. 1 Photograph of the superior surface of the left tibia showing
four quadrants in each plateau. Each quadrant was named with respect
to the sagittal and coronal planes of the body. Also note two marginal
beak-like osteophytes (grade 1) in the medial and lateral plateaus
(arrows). MED medial plateau, LAT lateral plateau, AM anteromedial,
AL anterolateral, PM posteromedial, PL posterolateral

Fig. 2 Anteroposterior (right) and lateral (left) radiographs of the
same specimen as Fig. 1. Note that the marginal osteophytes of Fig. 1
are not well recognized on these radiographs
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the superior tibial surface, in the midline, was also
measured in each specimen. Therefore, the “medial/lateral
tibial intercondylar spine index” for each specimen was
calculated as follows:

Medical=Lateral Intercondylar Tibial Spine Height

Anteroposterior Width of the Superior Tibial Surface

The presence of eburnation (i.e., polished, ivory-like bone
surface), porosity (i.e., decreased bone density) of the tibial
plateaus, and bone cysts (i.e., presence of intraosseous
cavities) were also recorded by visual observation of the tibial
plateaus. The severity of osteoarthritis of each specimen was
judged on the basis of a global assessment of all expected
abnormalities: osteophytosis, eburnation, and cysts. Each
specimen was then classified on a scale of 0 to 3 (0 = no
findings, 1 = minimal findings, 2 = moderate findings, and 3 =
severe findings). A total of 15 specimens were re-assessed
randomly 3 weeks after the first observation period by the
same observer to evaluate the reproducibility of the data.

The Spearman’s rank correlation coefficient, t test and Chi-
squared tests were used for further analysis of this study
when needed. Kappa and Kappa weighted coefficients were
used to express the inter-rater agreement and reproducibility
of the data. All p values were two-tailed and a p value less
than 0.05 was considered significant. SPSS 16.0 was utilized
for statistical analyses (SPSS, Chicago, IL, USA).

Results

Of the 35 assessed specimens, 49% (n=17) were right
tibiae and 51% (n=18) were left tibiae. No significant

differences were observed between the quadrants of the
tibial plateaus as far as the presence of osteophytes (p=
0.09) were concerned. However, when quadrants were
combined and the data further analyzed, osteophytes were
observed more frequently in the anterior quadrants of both
tibial plateaus than in the posterior quadrants (29 vs 16 for
the medial tibial plateau [p=0.01] and 28 vs 20 for the
lateral tibial plateau [p=0.04]). The detailed distribution of
osteophytes and their grades in each quadrant of the tibial
plateaus are shown in Table 1.

Kappa weighted values for reproducibility of the
measurements were as follows: for grading of osteophytes
in the medial and lateral tibial plateaus Kappa weighted
values were 0.85 and 0.80 respectively. Kappa values for
the medial and lateral intercondylar tibial index were 0.91
and 0.88 respectively. The Kappa value for the global
assessment of osteoarthritis was 0.86.

In the overall grading of osteoarthritis, 28.6% (n=10) of
the specimens had no sign of osteoarthritis. Low grade
osteoarthritis (grade 1) was observed in 28.6% (n=10) of
the specimens. Intermediate osteoarthritis (grade 2) and
severe osteoarthritis (grade 3) were identified in 14.2% (n=
5) and 28.6% (n=10) of the specimens respectively.

Eburnation was observed more frequently in the poste-
rior parts the tibial plateaus than in the anterior parts (17 vs
5, p<0.01) .The mean heights of the medial and lateral
intercondylar tibial spines were 2.63 mm (range: 1–10 mm)
and 2.47 mm (range: 1–6 mm) respectively. The mean
anteroposterior width of the tibial plateau was 51.18 (range:
44–61 mm). In specimens with no signs of osteoarthritis (i.e.,
the global grading = 0) the lateral intercondylar tibial index
was significantly lower than that in specimens with some
degree of osteoarthritis (9.2 vs 17.8, p=0.02). However, the
medial intercondylar tibial index of the specimens with no
signs of osteoarthritis was not significantly different from
that of the specimens with some degree of osteoarthritis
(12.1 vs 14.7, p=0.45). There was a statistically significant
positive correlation between the lateral spine height index
and the overall grading of osteoarthritis (r=0.6, p<0.01).
The association between the medial intercondylar tibial
spine index and the overall grading of osteoarthritis was not
significant (r=0.2, p=0.29).

In the anteromedial quadrant of the lateral tibial plateau,
the association between the lateral intercondylar tibial spine
index and the grade of osteophytes was 0.5 (p<0.01). In the
posteromedial quadrant of the lateral tibial plateau, the
association between the lateral intercondylar tibial spine
index and the grade of osteophytes was 0.7 (p<0.01).

No association was found between the grade of
osteophytes in the anterolateral or posterolateral quadrants
of the lateral tibial plateau with the lateral tibial spine index.
There was no significant association between the medial
tibial spine index with the grade of osteophytes in any of

Fig. 3 Photograph of the superior surface of a specimen with severe
osteoarthritis (grade 3). Note multiple osteophytes (arrows) and a
bone cyst (arrowhead). The lateral tibial plateau (asterisk) shows
increased bone density
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the quadrants of the medial tibial plateau. The correlation
between the grade of osteophytes in different quadrants of
the medial and lateral tibial plateaus and the medial and
lateral intercondylar tibial index is shown in Table 2.

Discussion

In this study osteophytes were more frequently observed in
anterior quadrants and eburnation was more common in
posterior quadrants of the tibial plateaus. Eburnation and
increased bone density typically occur in regions where the
articular cartilage is lost. In comparison, chondrogenesis
and enchondral ossification in response to abnormal
stresses on the articular surface are responsible for
osteophyte formation [12, 13]. Thus, osteophytes develop
in regions of the joint that still possess some articular cartilage.
Cartilage loss and subsequent sclerosis and eburnation of the
posterior regions of the tibial plateaus may relate, at least in
part, to backward sliding of the femoral condyles during knee
flexion, which would lead to greater compression of the
posterior tibial cartilage, leading to cartilage loss. Relative
preservation of articular cartilage is a possible reason for more
frequent osteophyte formation in the anterior quadrants of the
tibial plateaus. Capsular traction during knee flexion may lead
to tensile stress in the anterior tibial margin and subsequent
enthesophyte formation as well.

In a study of 55 patients withmarked signs of osteoarthritis,
Reiff et al. [7] showed that, compared with controls, the

patients with marked osteoarthritis had significantly higher
intercondylar spine height. They concluded that intercondy-
lar spine height can be considered a sign of osteoarthritis. In
our study, the association between the intercondylar spine
indexes and the global grading of osteoarthritis was
significant only for the lateral intercondylar spine and not
for the medial intercondylar spine. Furthermore, the lateral
spine height index correlated only with the grade of
osteophytes arising in the medial quadrants in the lateral
tibial plateau (i.e., anteromedial and posteromedial quad-
rants); no correlation was found between the medial
intercondylar spine index and changes in any of the
quadrants of the medial tibial plateau. In osteoarthritis of
the knee, the medial compartment is ten times more
frequently involved than the lateral compartment, leading to
varus deformity [14, 15]. The lateral tibial spine is in close
contact with the anterior and posterior horns of the lateral
meniscus. It is also adjacent to other structures such as fibers
from the anterior cruciate ligament as well as certain
meniscofemoral ligaments [16–19]. Tensile forces on some
of the above-mentioned structures may increase varus
deformity and could explain the formation of bony out-
growths on or near the lateral tibial spine. Although
Donnelly et al. [20], in a study of 1,003 women, reported a
positive association between medial and lateral tibial
intercondylar spine height and medial and lateral osteo-
phytes, their study did not confirm that isolated tibial spiking
is a reliable marker for the presence of osteoarthritis of the
knee. They concluded that tibial spiking should not routinely

Table 1 Frequency of osteophyte grade in the medial and lateral plateaus per quadrant

Medial plateau Lateral plateau

Region Anteromedial
(%)

Anterolateral
(%)

Posteromedial
(%)

Posterolateral
(%)

Anteromedial
(%)

Anterolateral
(%)

Posteromedial
(%)

Posterolateral
(%)Grade

0 8 (50) 4 (12.9) 6 (50) 8 (38.1) 8 (25) 7 (28) 7 (29.2) 7 (53.8)

1 1 (6.3) 11 (35.5) – 7 (33.3) 12 (37.5) 7 (28) 7 (29.2) 1 (7.7)

2 2 (12.5) 8 (25.8) 2 (16.7) 2 (9.5) 6 (18.8) 4 (16) 6 (25) 1 (7.7)

3 5 (31.3) 8 (25.8) 4 (33.3) 4 (19) 6 (18.8) 7 (28) 4 (16.6) 4 (30.8)

Total 16 (100) 31 (100) 12 (100) 21 (100) 32 (100) 25 (100) 24 (100) 13 (100)

Anteromedial Anterolateral Posteromedial Posterolateral

Medial plateau

Medial tibial spine index 0.2 (p=0.42) 0.3 (p=0.21) 0.03 (p=0.92) 0.2 (p=0.56)

Lateral tibial spine index 0.1 (p=0.77) 0.3 (p=0.08) 0.5 (p=0.11) 0.3 (p=0.20)

Lateral plateau

Medial tibial spine index 0.2 (p=0.45) 0.2 (p=0.48) 0.2 (p=0.31) 0.3 (p=0.52)

Lateral tibial spine index 0.5 (p<0.01) 0.4 (p=0.06) 0.7 (p<0.01) 0.6 (p=0.06)

Table 2 Association between
the grade of osteophytes and
tibial spine index in each quad-
rant of the tibial plateaus
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be reported as a sign of early osteoarthritis. These inves-
tigators found that intercondylar spine angulations (i.e,.
angulation of the tip of the medial and lateral intercondylar
spines) had a higher association than intercondylar spine
height with regard to tibial osteophytes.

Advanced age is considered one of the risk factors for
osteophyte formation [21]. Our specimens were derived
from an older population and osteophytes of different
grades existed in the majority of the specimens, introducing
a selection bias. Further, clinical information was not
available and the significance of these observed osteophytes
(e.g., grade 1) remains a question whose answer will require
further studies. Another weakness of our study was the
unavailability of the corresponding femurs so we could not
evaluate coexistent morphological changes in the femur and
the role of femorotibial alignment [22, 23]. Finally, only one
observer analyzed all of the specimens although he did so
twice for some of the specimens. This observer had prior
experience in the inspection of paleopathological specimens
and the repeatability of his assessments was high.

In conclusion, our study suggests that spiking of the
lateral tibial intercondylar spine is associated with osteo-
phyte formation and osteoarthritis. Further studies with case
control groups are required for a more comprehensive
understanding of the role of the intercondylar spines as a
marker of early and/or late osteoarthritis. Our study also
suggests that eburnation (i.e., increased bone density) as a
sign of osteoarthritis occurs mainly in the posterior parts of
the tibial plateaus, while osteophytes arise mainly in the
anterior parts. These findings suggest that stresses occurring
in the flexed knee may contribute to many of the
morphological abnormalities of osteoarthritis.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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