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Abstract

Objective: To detect dorsally located osteophytes (OP) on lateral x-ray views and to correlate their presence with the
extent of structural joint damage, determined by histologic grading (cartilage damage and synovial inflammation)
and radiographic scoring in hand osteoarthritis (HOA).

Methods: Distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints were obtained from post mortem
specimens (n=40). Multiplanar plain x-rays were taken (dorso/palmar (dp) and lateral views). Radiographic OA was
determined by the Kellgren and Lawrence classification. Joint samples were prepared for histological analysis and car-
tilage damage was graded according to the Mankin scoring system. Inflammatory changes of the synovial membrane
were scored using the general synovitis score (GSS). Spearman’s correlation was applied to examine the relationship
between histological and radiographical changes. Differences between groups were determined by Mann-Whitney
test.

Results: Bony proliferations that were only detectable on lateral views but reminiscent of OPs on dp images were
termed dorso-ventral osteophytes (dvOPs). All joints displaying dvOPs were classified as OA and the presence of
dvOPs in DIP and PIP joints correlated with the extent of histological and radiographic joint damage, as well as with
patient age. Joint damage in osteoarthritic DIP and PIP joints without any dvOPs was less severe compared to joints
with dvOPs. Synovial inflammation was mainly present in joints displaying dvOPs and correlated with joint damage.

Conclusion: dvOPs are associated with increasing structural alterations in DIP and PIP joints and can be seen as
markers of advanced joint damage. Detecting dvOPs can facilitate the diagnosis process and improve damage esti-
mation in HOA.
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Key messages

+ Dorso-ventral osteophytes (dvOPs) are radiographic
signs of advanced joint alterations including synovial
inflammation in interphalangeal osteoarthritis.

+ dvOPs are highly specific and very sensitive particu-
larly in distal interphalangeal joints.

« The evaluation of dvOPs as markers of joint damage
might be implemented in radiographic scoring sys-
tems in the future.

Introduction

Diagnosis of musculoskeletal disorders is often sup-
ported by clinical imaging. Despite emerging imaging
options, such as musculoskeletal ultrasound [1], plain
radiography is the perhaps most commonly used modal-
ity due to its high spatial resolution and wide availability.
Thus, in hand osteoarthritis (HOA), the most prevalent
joint disorder [2-4], plain radiography still represents
the gold standard in imaging [5, 6] and is recommended
by international societies [7, 8]. However, dorso/palmar
(dp) images alone are suggested in the diagnostic process
of HOA [7, 8]. This, in turn, is in conflict with the basic
concepts of radiology that at least two projections are
required to evaluate any structure [9].

In fact, dp, oblique and lateral views can be applied
for the radiographic evaluation of the hand skeleton and
multiplanar views are regarded important for routine
imaging of the hands [10, 11]. Nevertheless, concern-
ing HOA the question arises which structures would be
importantly enhanced or exclusively displayed on oblique
or lateral views compared with the dp view. This ques-
tion was already partly addressed by investigating oblique
radiographic views in patients with HOA [12]. The most
frequent structural changes seen in oblique views that
were not detectable by dp views were dorsally and/or
ventrally located osteophytes (OP). The presence of these
structures was associated with increased radiographic
joint damage.

However, in this previous study, the associations were
compiled purely from radiographic assessments and
not at the tissue level. Here, we evaluated the presence
of dorsally and/or ventrally located OPs with respect to
histologically assessed structural cartilage damage and
synovial inflammation. Moreover, we added another vari-
able, namely joints without OA changes reflecting a con-
trol group.

Patients and methods

Joint specimens

Eighty interphalangeal joints—40 distal interphalangeal
(DIP) and 40 proximal interphalangeal (PIP) joints—from
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40 consecutive individual post mortem joint specimens
(18 female and 22 male) were obtained at the Department
of Pathology, Medical University of Vienna. Patients’ ages
ranged from 33 to 96 years (median 66 years). Patients
with a documented history of inflammatory joint disease,
such as rheumatoid arthritis or psoriatic arthritis, were
excluded. This cohort comprises the same specimens that
were previously evaluated for histopathological analyses
in HOA [13].

To obtain these specimens, the skin and subcutane-
ous tissues were carefully dissected until the DIP and
PIP joints as well as the phalangeal bones became visible.
Then, the first and third phalangeal bones were cut above
the DIP joint and below the PIP respectively, so that the
PIP and DIP joints could be obtained in toto. Of these 80
joints, 76 (37 DIP and 39 PIP joints) could be processed
for histological and radiographic investigations.

Prior to dissection, both hands were clinically exam-
ined for Heberden and Bouchard nodes (palpation for
firm/hard posterolateral rounded swelling and/or joined
dorsal bars). Heberden and Bouchard nodes were clas-
sified as present or absent. If bony swelling was pre-
sent, we selected the finger that clinically displayed the
worst changes either on the left or on the right hand. If
no nodes were present, the right hand was always used
in accordance with the higher prevalence of OA on this
side [14], and a computer program was employed to ran-
domize which finger to dissect. The joint assessment was
performed by an experienced rheumatologist (KB). This
study was approved by the ethics committee of the Medi-
cal University of Vienna (No.: 409/2005).

Radiographic and histological analysis

Plain radiography of the interphalangeal joints (dp and
lateral views) was performed using a Philips Optimus 80
X-ray generator. A blinded assessment of the dp images
was carried out according to the Kellgren and Lawrence
(K/L) scoring system [15] by an experienced musculo-
skeletal radiologist (FK). Lateral views were evaluated
for dorsally and/or ventrally based OPs, defined as OPs
that are not apparent in the dp views. Lateral view images
were assessed by consensus opinion of two experienced
readers (IGS and KB) scoring together to obtain one
score [16] (presence or absence of dorsal and/or ventral
OPs). The whole set of lateral view images was read twice
(4 weeks apart); reproducibility was very good with intra-
class correlation coefficients (ICCs) for both DIP and PIP
of 1.0.

Entire finger joints were prepared for histological anal-
ysis and stained with safranin-O/fast green and toluidine
blue as previously described [13].

The modified Mankin score [17] was applied to grade
structural damage of each sample histomorphologically.
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This scoring system is composed of four categories:
cartilage structure (0—6 points), cartilage cells (0-3
points), staining (0-4 points), and tidemark integrity
(0-1 point). Scores of each category are summed up to
a total score with a possible maximum of 14 points. The
samples displayed total Mankin scores ranging from 2
to 14 for DIP joints and 0 to 14 for PIP joints. A histo-
pathological cut-off that distinguishes normal from OA
cartilage was defined as a Mankin score >5 [18]. As the
Mankin score mainly focuses on the integrity of articu-
lar cartilage, it does not comprise bony alterations such
as OPs. However, it is significantly correlated with the
presence and extent of radiographic OPs and subchon-
dral sclerosis as depicted elsewhere [13].

In order to evaluate the extent of inflammatory
changes within the synovium, the histopathological
general synovitis score (GSS) [19] was applied. Three
components (lining layer hyperplasia, activation of
resident cells and inflammatory infiltrate) were graded
semi-quantitatively from 0 to 3 with a total score rang-
ing from 0 to 9 (0 or 1, no synovitis; 2—4, low-grade
synovitis; 5-9, high-grade synovitis) [19, 20].

Statistics

To examine the relationship between dorsally and/or
ventrally based OPs and the extent of joint damage,
either reflected by the presence of histological (Mankin
score, GSS) or radiographic changes (K/L score),
the Spearman’s rank order correlation was used and
expressed as r-values (r,). Mann-Whitney test was used
to assess differences between groups. To evaluate intra-
reader reliability, the intraclass correlation coefficients
(ICC) were estimated. A p-value less than 0.05 was con-
sidered significant. Analysis was performed using MS
Excel 2007 (Microsoft Corporation, Redmond, USA)
and Prism 5 for Windows (GraphPad Software Inc., San
Diego, USA).

Results

Dorso-ventral osteophytes

Dorsal and/or ventral OPs were defined as bony pro-
liferations (spurs) that are only visible on lateral view
images on the dorsal and/or ventral margins of OA joints,
emerging either from the articular head, from the socket,
or from both structures. These OPs form a convexly
curved shape, growing proximally (Fig. 1).

Dorsal and ventral OPs were seen in 48.7% (1=18) of
evaluated DIP and less frequently in PIP joints (15.4%;
n=6). In the majority of the joints dorsal and ventral
OPs occurred together (66.6%) and since joints with dor-
sal and/or ventral OPs did not show any difference in
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Fig. 1 Example of lateral radiographic views of distal interphalangeal
(DIP) and proximal interphalangeal (PIP) joints. A Normal DIP and PIP
joints without dorso-ventral osteophytes (dvOPs). B DIP and PIP joints
displaying dvOPs. The white arrows indicate dorsal osteophytes (OP),
the outlined arrows mark ventral OPs

Table 1 Percentage and distribution of  dorso-ventral
osteophytes (dvOP) as well as classic radiographic changes in
hand osteoarthritis. OP, osteophyte; JSN, joint space narrowing;
DIP, distal interphalangeal joint; PIP, proximal interphalangeal
joint. p values are provided comparing individual radiographic
features between DIP and PIP joints. A p value <0.05 was
considered significant. ns, not significant

DIP joints PIP joints p value
dvOP 48.7% 154% <0.003
OPs 56.8% 28.2% <0.02
JSN 67.6% 35.9% <0.007
Subchondral sclerosis 40.5% 33.3% ns
Subchondral cysts 21.6% 12.8% ns
Erosions 13.5% 10.3% ns
Malalignment 2.7% 2.6% ns

the extent of radiographic or histological joint damage,
we summarized dorsal and ventral OPs under the term
dorso-ventral osteophytes (dvOP). The percentage and
distribution of dvOP compared with classic radiographic
changes in HOA is shown in Table 1.

Relationship of dorso-ventral osteophytes with histological
and radiographic joint damage

All joints displaying dvOPs exhibited radiographic OA
according to the K/L scale and reached > 5 points on the
Mankin scale throughout. There was a direct association
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between the occurrence of dvOPs and the extent of struc-
tural joint damage, both on the histopathological (DIP:
re 0.7; p<0.0001 / PIP: rg: 0.54; p<0.0005) and on the
radiographic level (DIP: rg: 0.82; p<0.0001/PIP: rg: 0.7;
p<0.0001). Concerning histopathological changes, in
those DIP joints that displayed dvOPs the Mankin score,
as surrogate marker of cartilage destruction, ranged
from 8 to 14 (mean =+ SD: 11.3 £ 1.9), while in DIP joints
without dvOP, the mean Mankin score (mean + SD)
amounted to 5.6 £ 3.3; range: 2 to 14 (Fig. 2A). The dif-
ference between both groups was highly significant (p <
0.0001). In line with the histological alterations, the radi-
ographic damage was significantly higher in DIP joints
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with dvOPs (K/L score: 2.7 & 0.7) than in those without
dvOPs (K/L score: 0.6 + 0.8; p < 0.0001), as shown in
Fig. 2A.

Regarding PIP joints, in the presence of dvOPs, we also
recorded markedly higher joint damage on the histologi-
cal (Mankin score in PIP joints with dvOPs: 11.3 £ 2.6 vs
PIP joints without dvOPs: 5.7 4 2.8; p < 0.0001), as well
as on the radiographical level (K/L score in PIP joints
with dOPs: 3.3 £ 0.8 vs PIP joints without dvOPs: 0.4 +
0.8; p < 0.004) (Fig. 2A).

In order to evaluate the performance of radiographi-
cally detectable dvOPs, whose presence could be a
sign of HOA, a diagnostic test analysis (sensitivity and
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Fig. 2 Joint damage in distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints with or without the presence of dorso-ventral
osteophytes (dvOPs). dvOPs were evaluated radiographically. Joint damage was determined by applying either a radiographic (Kellgren/Lawrence)
shown on the right hand side of the graphs or histological (Mankin) score displayed on the left hand side of the graphs. The left and right y-axes
show the distinct scales of the respective scores. A Data of the total cohort (joints with and without osteoarthritis) is represented. *p < 0.0001, **p <
0.005. B Data of a subgroup analysis of solely osteoarthritis joints (determined by a Mankin score > 5). *p < 0.001, **p < 0.01, ***p < 0.03. Error bars
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specificity, positive predictive value and negative predic-
tive value) was done (Table 2).

Osteoarthritic joints with and without dorso-ventral
osteophytes and the extent of structural damage

In a subgroup analysis, we focused on those joints that
were histologically graded as osteoarthritic (per defini-
tion Mankin score > 5). Our calculations revealed that out
of all OA-DIP joints, 69.2% displayed dvOPs, while 30.8%
showed none. In the latter group, the extent of structural
damage was significantly lower (Mankin score: 8.6 & 2.9)
compared to OA-DIP joints with dvOPs (Mankin score:
11.3 & 1.9; p < 0.03), as shown in Fig. 2B. Also, the radio-
graphic damage (K/L score) was less severe in OA-DIP
joints without dvOPs: 1.3 £ 0.9 vs OA-DIP joints with
dvOPs: 2.7 £ 0.7; p < 0.0009 (Fig. 2B).

With regard to OA-PIP joints, dvOPs were present in
25%. The mean Mankin score in OA-PIP joints without
dvOPs accounted for 7.1 £ 0.7 vs 11.3 & 2.6 in OA-PIP
joints with dvOPs and this difference was also signifi-
cant (p < 0.004). In parallel, radiographic alterations in
PIP joints without dvOPs were less severe compared to
PIP joints with dvOPs (0.8 & 1 vs 3.3 = 0.8; p < 0.0002)
(Fig. 2B).
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Relationship of dorso-ventral osteophytes

with inflammatory changes

The GSS was applied to assess inflammatory affection of
the synovial tissue. No synovitis (sum score 0 or 1) was
found in 59.5% of DIP and 66.7% of the PIP joints, while
low-grade synovitis (sum score 2—4) could be detected in
40.5% of DIP and 33.3% of PIP joints. No interphalangeal
joint displayed high-grade synovitis. Table 3 shows the
detailed distribution of synovial changes with regard to
the GSS features.

The GSS correlated well with histological and radio-
graphic joint damage for both DIP (GSS vs Mankin
score: r,=0.6; p < 0.0001; GSS vs K/L score: r,=0.77; p <
0.0001) and PIP joints (GSS vs Mankin score: r,=0.84; p
< 0.0001; GSS vs K/L score: r,==0.79; p < 0.0001). Regard-
ing dvOPs, we found an association between the pres-
ence of dvOPs and the GSS in DIP (r,=0.59; p < 0.0001)
and PIP joints (r,=0.52; p < 0.0006).

In those joints displaying dvOPs, the GSS was markedly
increased compared to interphalangeal joints without
dvOPs and this difference was significant for both DIP
(mean GSS =+ SD: joints with dvOPs: 1.83 &£ 0.7 vs joints
without dvOPs: 0.84 £ 0.67; p < 0.0002) and PIP joints
(joints with dvOPs: 2.17 & 0.41 vs joints without dvOPs:
0.94 £ 0.79; p < 0.0004), as shown in Fig. 3. The subgroup

Table 2 Performance of radiographically detectable dvOPs with regard to diagnostic testing of HOA. HOA was determined by either
radiographic (Kellgren/Lawrence) or histological (Mankin) scoring systems. PPV, positive predictive value; NPV, negative predictive

value
n OA according to Kellgren/Lawrence OA according to Mankin
dvOPs in DIP
Sensitivity 81.82% (59.72 to 94.81%) 69.23% (48.21 to 85.67%)
Specificity 100% (78.20 to 100%) 100% (71.51 to 100.00%)
PPV 100% 100%
NPV 78.95% (60.71 to 90.10%) 57.89% (43.58 to 70.99%)
dvOPs in PIP
Sensitivity 54.55 % (23.38 to 83.25%) 25.00% (9.77 to 46.71%)
Specificity 100% (87.66 to 100%) 100% (78.20 to 100%)
PPV 100% 100%
NPV 84.85% (74.56 to 91.45%) 45.45% (39.81 to 51.22%)

Table 3 General synovitis score (GSS) in distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints. The GSS consists of three
features, lining layer hyperplasia, activation of resident cells, and inflammatory infiltrate that are graded from 0O to 3. The percentage of

each graded feature in DIP and PIP joints is provided

DIP joints PIP joints
GSS points 0 1 2 3 0 1 2 3
Synovial lining 18.9% 784% 2.7% 0 30.8% 69.2% 0 0
Synovial stroma 56.8% 37.8% 54% 0 61.5% 33.4% 5.1% 0
Inflammatory infiltrate 0 0 0 0 0 0 0 0
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Fig. 3 Inflammatory affection of synovial tissue in distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints was assessed using the
histopathological general synovitis score (GSS). Light gray columns represent joints without dorso-ventral osteophytes (dvOPs), while dark gray

analysis of OA joints revealed a significant increase in
the GSS score for DIP (p < 0.03) and PIP joints (p < 0.02)
displaying dvOPs compared to those OA joints without
dvOPs.

As reported before, we found central erosions in two
DIP specimens and two PIP specimens and all displayed
severe OA alterations [13]. Extending these findings we
now report the presence of dvOPs in those four speci-
men. Regarding the GSS, the score amounted to 1 and 2
in DIP joints and was more pronounced in the PIP joints
(GSS 3 in both PIP joints).

Relationship of dorso-ventral osteophytes with patients’
age
Patients’ ages ranged from 33 to 96 years (median
66 years). dvOPs could be detected in some patients
between the age of 50 and 70 years; however, beyond the
age of 70, the prevalence of dvOPs increased considerably
(Fig. 4). As expected, age and the occurrence of dvOPs
correlated well in DIP joints (r,=0.65; p <0.0001) but less
strikingly in PIP joints (r,=0.32; p < 0.05). In joints dis-
playing dvOPs, the patients’ age was significantly higher
than in those that did not, both in DIP joints (joints with
dvOPs: 77.4 + 11.8 years vs joints without dvOPs: 56.2 +
13.4 years; p < 0.0001) and PIP joints (joints with dvOPs:
79.7 £ 6.7 years vs joints without dvOPs: 65.4 + 17.1
years; p < 0.04). Thus, the presence of dvOPs seems to be
a function of increasing age and/or advanced OA.

No association of dvOPs with gender was found (data
not shown).

Discussion

Radiographic HOA is characterized by the presence of
classic radiographic features, such as OP, JSN, subchon-
dral sclerosis, subchondral cysts, or erosions [21-24].
The earliest changes found on x-ray images are OPs [25],
which emerge in the course of the disease at sites of pre-
vious soft tissue alterations seen in earlier stages [23].
Interestingly, the most common site for OP development
has been defined by a magnetic resonance imaging (MRI)
study to be at the dorsal proximal side of the joint at the
bone cartilage interface of the more proximal phalanx
in both PIP and DIP joints [26]. Alterations at that loca-
tion, however, cannot be captured by standard dp x-ray
views due to the superimposition of other structures but
could easily be seen on lateral/oblique view images as
previously postulated [22, 27]. So far, however, almost no
effort has been made to evaluate dorsally located OPs in
HOA,; this may be due to the fact that international socie-
ties do not regard additional radiographic views (besides
standard dp images) as necessary in HOA diagnosis [7,
8] or that no radiographic score in HOA comprises the
evaluation of oblique/lateral view images [15, 18, 28—33].
Nevertheless, especially in DIP and PIP joints, a predi-
lection for dorsally based OP formation exists [21-23,
26], and its prevalence, as demonstrated in our previous
study, is considerable [12].

Here, we provide a clear description of dorsally/ven-
trally located OPs and summarize these structures under
dvOPs. Our description extends the common delineation
of OPs defined as bony projections or bony outgrowth
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occurring most commonly at the margins of OA joints
that are recognized radiographically most easily as bony
excrescences at joint margins tangential to the x-ray
beam [24]. We could show that dvOPs are quite common
in DIP joints (but less common in PIP joints) compared
to classic radiographic features of HOA. Nevertheless,
the presence of dvOPs correlated well with histologi-
cal (and radiographic) joint damage and was associated
with synovial inflammation in both DIP and PIP joints.
Interestingly, DIP and PIP-OA joints that did not dis-
play dvOPs showed less severe OA histological cartilage
and radiographic damage, as well as less severe synovial
inflammation. These findings suggest that the presence of
dvOPs might be a marker of advanced HOA, as it reflects
quite severe structural alteration/damage.

With regard to inflammatory changes, synovitis is gen-
erally recognized as a confounder in OA [34]. In HOA,
mild synovitis is not uncommon [35], and synovitis was
associated with severity of radiographic damage [34] and
joint pain [35, 36]. However, prevalence data on synovi-
tis detected by means of MRI or sonography are quite
inconsistent and values range from 8 to 96.4% [37-40].
Our histology data show low synovitis in 40.5% of DIP
and 33.3% of PIP joints as well as an association between
synovial inflammation and joint damage and are thereby
in line with the literature supporting the importance of
synovial tissue in OA disease. Regarding OA pathogen-
esis, it is still unclear which tissue is the major player
responsible for structural breakdown. Since histological
cartilage damage correlates well with both bony changes
and synovial inflammation, it is possible that activation
of resident cells in the synovia contribute to cartilage

destruction in the first place. However, blocking cataboli-
cally acting cytokines did not result in OA control [41-
45]; thus, synovial inflammation could also be a reaction
to other causes, such as mechanical strain.

We also evaluated the performance of radiographi-
cally detectable dvOPs with regard to diagnostic testing
of HOA and report that dvOPs are highly specific (100%)
and very sensitive particularly in DIP joints (81.82% for
DIP and 54.55% for PIP joints). Classical radiographic
features of HOA, such as lateral OPs and JSN, however,
are generally sensitive (sensitivity 75—-100%) but lack
specificity (18-71%) [8]. Thus, the implementation of
dvOPs evaluation could fill this gap, thereby improving
the diagnostic value of plain radiographs in HOA. Nev-
ertheless, for a quick evaluation regarding HOA in daily
clinical practice, applying a standardized radiographic
score on dp views is sufficient [12]; however, in some
intricate cases, the inclusion of dvOPs could make a dif-
ference. Naturally, since this study was performed using a
limited number of finger specimens, our findings might
not accurately reflect HOA changes in the general popu-
lation. Yet, our previous study on a HOA patient cohort
with a comparable age range (40-85 years) supports
our data, although prevalence of dvOPs in this cohort
was lower [12]. Nonetheless, future longitudinal analy-
ses could observe the evolution of dvOPs to determine
the timepoint of initiation, as well as the speed of their
development.

Besides the potential importance in the radiographic
diagnosis of HOA, the detection of dvOPs could indi-
cate function loss in HOA. dvOPs can, depending on
their size, contribute to tendon damage and impairment
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of joint and hand function [46] and are associated with
the occurrence of mucous cysts [47-49]. Intriguingly,
these changes do not necessarily cause pain in the
affected joints but may lead to progressive functional
impairment [50] and ultimately to surgical excision of
the cyst and the dvOP [46-48].

In this respect, the detection of dvOPs might not
only be helpful during the diagnostic process of HOA
but could also be an asset in identifying patients at risk
for the development of tendon damage and worsen-
ing of joint function. This could be important insofar,
as agents that modify structural changes in OA will be
more intensively studied in the near future and eventu-
ally become available and such drugs may also be ben-
eficial to patients who do not show significant levels
of pain at a given point in time but in whom ongoing
structural changes may lead to future symptoms and/or
decline in joint function.

Conclusion

In conclusion, dvOPs are quite prevalent in DIP joints
and less prevalent in PIP joints. dvOPs correlate very
well with structural joint damage, both on the histo-
logical and radiographic level, as well as with patients’
age. Moreover, especially in joints displaying dvOPs,
synovial inflammation was present. Due to their good
sensitivity and specificity, dvOPs could be a valuable
additional tool in the diagnostic process and especially
in research of HOA. As a matter of fact, for the evalu-
ation of radiographic HOA in daily clinical practice the
presence of dvOPs is not essential, but detecting the
presence/absence of dvOPs can facilitate the diagnos-
tic process and improve damage estimation. Possibly,
the evaluation of dvOPs as markers of joint damage will
find its way into radiographic atlases and will be imple-
mented in radiographic scoring systems in the future.
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