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Abstract: Osteoarthritis of the hand (HOA) is one of the most common musculoskeletal diseases affecting
health. Osteophytes, documented by imaging procedures are often used as diagnostic criteria. The gold
standard is the radiographic image, however, more sensitive and saver methods such as ultrasound are gaining
in importance. We investigated the prevalence, grade and pattern of osteophytes by high resolution ultrasound
investigation (US) in a population-based cross-sectional study. Factory workers were recruited at work. 26
finger joints of each participant were examined with US with grading the occurrence of osteophytes in a
semiquantitative score ranging 0-3, increasing scores indicated larger osteophytes. 427 participants (mean age
53.5 years, range. 20-79 years) were investigated, resulting in 11,000 scored joints. At least one osteophyte was
found in 4,546/11,000 (41.3%) joints or 426/427 (99.8%) participants but grade 2 or 3 osteophytes were seen in
only 553 (5.0%) joints. The number of osteophyte sum score increased with age (0.18/year of age increase,
p<0.001). Distal interphalangeal joints (DIP) were predominantly affected with 61%, followed by proximal
interphalangeal joints (PIP) with 48%, carpometacarpal joint 1 (CMC1) with 39% and metacarpophalangeal
joints (MCP) with 16%. In conclusion, US is a feasible screening tool for osteophytes and HOA. Grade 1
osteophytes are a common finding in the working population when assessed by ultrasound and their
prevalence is increasing with age. Prevalence of grade 2 or 3 osteophytes is less common and reflects clinical
presence of HOA. Follow up investigations are necessary to recognize the predictive relevance of early
osteophytes.

Keywords: osteoarthritis; screening; prevalence; ultrasound; imaging; osteophytes

1. Introduction

Osteoarthritis of the hand (HOA) is one of the most common musculoskeletal diseases that
frequently affects the hand, predominately of elder female [1,2]. Imaging techniques are crucial when
clinical symptoms are suspicious for OA diagnosis. The clinical spectrum comprises clinical courses
from less symptomatic to severe impairments of quality of life [3]. However, interpretation of
imaging is not always straightforward: the prevalence of HOA differs strongly according to the
modality used for assessment, e.g. clinical examination, conventional radiography (CR), magnetic
resonance imaging (MRI) or US. Because of the different forms and patterns of HOA, there is no
uniform standardized procedure for diagnosing HOA.

Clinically, symptomatic HOA can be classified according to clinical American College of
Rheumatology (ACR) criteria if hard tissue enlargement can be found in two or more selected finger
joints out of 10, including at least two DIP joints, as well as fewer than three MCP swellings [4].

Radiographically, the Kellgren and Lawrence criteria allow the imaging recognition of HOA.
These criteria are commonly used in epidemiological studies. The severity of HOA is classified based
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on an imaging atlas between 0-4, a score >2 according to Kellgren and Lawrence is considered HOA
positive. In addition to the presence of osteophytes, joint space narrowing, sclerosis and deformities
are assessed. HOA can also be detected with other imaging modalities like US or MRI [4-7].

Overall, in HOA, most studies have used CR as the imaging modality of choice so far.

Ultrasound (US) plays an increasing role for diagnosis and monitoring and is widely used in
daily clinical practice, not only in inflammatory joint diseases. Next to inflammatory lesions such as
synovitis or tenovaginitis, structural damage like erosions or osteophytes are recognized reliably by
ultrasound [8]. If osteophytes are detected, the concomitant diagnosis of hand osteoarthritis (HOA)
is often considered, especially if there are no potentially inflammatory diseases associated with
osteophyte lesions. If and how frequent osteophytes are found by US in a working population that
does not refer to a musculoskeletal unit is unknown.

The objectives of this study were to investigate the prevalence and pattern of US findings
suggestive of HOA in a population-based cross-sectional study in a population working in the
industry without known HOA diagnosis.

2. Materials and Methods

The investigation is part of a screening initiative of referral centers for rheumatologically
conditions in an industrialized area(“Rheumazentrum Rhein-Ruhr e.V.”). Employees were visited at
their working places in cooperating industrial companies and a voluntarily participation in a
structured examination designed to check their individual risk for inflammatory and non-
inflammatory musculoskeletal conditions was offered.

US assessment was provided for both hands, scanning 26 finger joints of each participant
(carpometacarpal (CMC) 1, metacarpophalangeal (MCP) 2-5, proximal interphalangeal (PIP) 2-5 and
distal interphalangeal (DIP) 2-5) using an Ultrasound Esaote Mylab 25 Gold unit with an 18 MHz
linear transducer. The participants were examined sitting with their hand placed on a small cushion
in front of the examiner. Gray-scale US was performed on the palmar side, except PIP 2 examined
additionally from lateral radial, with all joints in neutral position. The lateral images of PIP 2 joint
were not included in the evaluation. Static images were stored and evaluated using Esaote Mylab-
Desk software to guarantee standardization. Osteophytes were defined as protrusions of the bony
surface. One medical student (MG) who completed basic and advanced ultrasound courses and was
trained in joint ultrasound at outpatients with musculoskeletal diseases previously performed all
ultrasound examinations.

To read the images, a modified (palmar, not dorsal view) semi-quantitative score for osteophytes
ranging from 0-3: 0 = no osteophytes, 1 = mild osteophytes, 2 = moderate osteophytes and 3 = severe
osteophytes was used. An increase in the score describes an increase in the severity of the osteophytes
found. The biggest osteophyte at each joint was scored. The score was previously described by Keen
et al., Kortekaas et al.,, Mathiessen et al. and was evaluated and recommended by the Outcome
measures in Rheumatology ultrasonography (OMERACT) group [9-13]. If one or more joints of the
participant showed osteophyte values >1, they were positively defined of showing HOA signs. The
pictures were scored by a medical student (MG) in a consensus read with an experienced
rheumatology resident (PS). Figure 1 shows a normal MCP joint without any major pathologies.
Figure 2 shows an example of the different grades of osteophytes for each joint group in palmar view.
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Figure 1. Normal MCP joint: Bone surface is regular and hyperechoic. The cartilage is homogeneously
anechoic and limited cranially by a white band (1). Joint space is partly visible (2). The joint capsule
is not widened (3). There is an adequate amount of synovial fluid in the capsule. The tendons (4) run
across the joint and are homogeneously isoechoic.

Grade 0 Grade 1 Grade 2 Grade 3

Figure 2. Osteophytes Atlas: Figure 2 shows an example of the different grades of osteophytes (0-3)
for each joint group (DIP = distal interphalangeal joint; PIP = proximal interphalangeal joint; MCP =
metacarpophalangeal joint; CMC = carpometacarpal joint in palmar view.) No grade 3 osteophyte
was found at any MCP joint.

In addition, for assessment of both prevalence and severity of the presence of osteophytes, a sum
score was calculated by adding all individual osteophyte-scores of the 26 joints assessed for each
participant.

Besides osteophytes, joint structures and pathological changes were seen and defined as
following: Definitions for effusion and synovitis were used according to the OMERACT group [10].
Erosions were defined as cortical discontinuity that can be visualized in two planes perpendicular to
each other according to the OMERACT criteria [14]. Joint space was defined as area between two
bones and was measured perpendicular to the joint surface [15]. Cartilage was defined as normally
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anechoic with a white band on top when assessed by the right angle as described by Torp-Pedersen
etal [16,17].

Descriptive analyses for continuous variables are given as mean and standard deviation.
Discrete variables are given in frequency tables and percentages. Linear regression modeling was
used to investigate the association between the number of osteophytes (dependent variable) and age
and sex (independent variables). Confidence intervals for regression coefficients are calculated using
the direct formulas based on the t-values. P-values below 0.05 were regarded as significant.
Calculations were performed using the statistical software R, 3.4.1 (The R Foundation for Statistical
Computing).

3. Results

29 industrial locations in 22 cities (Bochum, Recklinghausen, Werne, Muenster, Hamburg,
Lingen, Hamm, Essen, Gladbeck, Wesel, Muelheim an der Ruhr, Amsberg, Siegen, Frechen,
Bergheim, Grevenbroich, Niederzier, Eschweiler, Trier, Saffig, Biblis and Grundremmingen) with
different working modalities like office work or heavy industrial work were covered. 427 participants
mean age 53.5 years, range 20-79 years (15.7% women and 84.3% men) were enrolled for the
standardized ultrasound examination. While 116 images were excluded due to insufficient image
quality, a total of 11,840 images of joints were stored. In more detail, images were available from 837
CMC(1, 3,386 MCP, 4,239 PIP and 3,378 DIP joints. As 840 images of PIP 2 joints, taken from lateral
view, were not included 11,000 images were scored.

Prevalences of osteophytes in various joints are detailed in Table 1 with the highest prevalence
in DIP joints with 61% (2057/3378), followed by PIP with 48% (1620/3399), CMC1 with 39% (325/837)
and MCP joints with 16% (544/3386) of participants. Overall DIP 3 on the right-hand side was the
most frequently involved joint followed by DIP 3 on the left-hand side and DIP 2 and DIP 4 on the
right-hand side and DIP 2 on the left-hand side. When only grade 2 and grade 3 osteophytes were
considered, 553 joints were affected. DIP joints were the most frequently affected joint group with 9%
(301/3378). The ranking was right and left DIP 3 followed by right hand DIP 2 and 4. CMC1 was
marked in 6% (46/837), PIP with 5% (179/3399) and MCP joints with 1% (27/3386). Details are shown
in Table 1.

At least one grade 1 osteophyte was found in 426/427 participants (99.8%). Grade 1 osteophytes
were present in 184 (43.0%), Grade 2 in 240 (56.2%), and Grade 3 in 22 (5.2%) participants (Figure 3).
No grade 3 osteophyte was found at any MCP joint.

Grade 1 exclusively
Grade 1/2 exclusively

Grade 2

Grade 3 I%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 3. Prevalence of osteophyte grades in %.

Osteophyte sum scores increased significantly with age but was not influenced by gender (p-
value adjusted for age=0.9). Figure 4 shows the relationship between age and osteophyte sum score.

d0i:10.20944/preprints202305.0612.v1
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Figure 4. Relationship between osteophyte sum score and age: Osteophytes sum score shows
summarized osteophyte grades for each subject. Osteophyte sum score increases with age (p<0.001).
With every additional year, a mean increase of 0.18 (SD 0.03) osteophyte sum score has been observed.
The age of participants is scaled in steps of 10 years beginning at the age of 20. The osteophyte sum
score is scaled in steps of five.

Table 1. Prevalence of osteophytes (and grade >1 osteophytes) in each finger joint in % for the left and
right hand. DIP = distal interphalangeal joint; PIP = proximal interphalangeal joint; MCP =
metacarpophalangeal joint; CMC = carpometacarpal joint.

Left Hand Prevalence of any (and > . . Prevalence of any (and >
. Right Hand Joint
Joint grade 1) Osteophytes grade 1) Osteophytes
DIP2 59.6% (9.2%) DIP2 66.7% (12.2%)
DIP3 67.3% (12.2%) DIP3 67.4% (12.8%)
DIP4 56.2% (7.3%) DIP4 65.6% (11.1%)
DIP5 47.5% (4.0%) DIP5 56.8% (7.1%)
PIP2 45.8% (6.1%) PIP2 48.5% (4.5%)
PIP3 53.2% (5.6%) PIP3 58.7% (6.8%)
PIP4 51.5% (4.2%) PIP4 51.4% (4.5%)
PIP5 34% (3.5%) PIP5 38.2% (2.6%)
MCP2 14.6% (0.2%) MCP2 19.8% (1.2%)
MCP3 19.7% (1.2%) MCP3 28.3% (2.6%)
MCP4 12.3% (0.2%) MCP4 18.1% (0.7%)
MCP5 7.3% (0.0%) MCP5 8.5% (0.2%)
CMC 40.1% (6.4%) CMC 37.5% (4.6%)

4. Discussion

With its gripping function, the hand is essential for people and their health. As a surrogate,
(good) grip strength is an independent predictor of survival or premature death that has been
confirmed by various large cohorts, although the exact relationships are still unclear [18-24].

Osteoarthritis of the fingers (HOA) and rheumatoid arthritis are the most common degenerative
and inflammatory changes in the hand and lead to a reduction in grip strength. In the population
based NAKO cohort of 200,000 adults, 2.68% of men and 9.04% of women reported osteoarthritis of
the finger joints [25]. In the hand examination, 3.79% of men and 8.50% of women had pain in at least
one finger joint, and 1.46 and 3.48% had more than 1 swollen finger joint. The frequency increases
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significantly from the age of 40 [25]. This evidence motivates for research in the frequency of
degenerative changes in the working population and especially a focus on early changes.

Osteophytes are even today by definition one important morphological parameter in various
imaging modalities for the confirmation of clinical suspicious HOA. The prevalence of this sign in a
population-based study with no previous HOA diagnosis has not yet been evaluated by US
systematically. In our study, using US, we found in all but one investigated participants at least one
osteophyte, which could result in a clinical diagnosis of HOA. When using CR as the primary imaging
modality studies consistently report a lower prevalence, which was expected considering the lower
sensitivity of CR in detecting osteophytes in a range from 21% to 92%, with higher prevalence in elder
[12,15]. For symptomatic HOA, prevalences between 2% and 26% are reported. Of note, most of the
published studies examined participants with CR and diagnosed HOA using the Kellgren and
Lawrence scoring system, thus osteophytes are one of the main criteria [5,26-38].

Most osteophytes we found are grade 1 osteophytes, a level which are exclusively present in
43.1% participants. If only grade 2 and 3 osteophytes were considered, the prevalence was lower with
56.1% and comparable to other population-based studies [26-31,33-38]. Only 5.2% of the participants
showed severe, larger, osteophytes. Overall, 94.9%, had mild to moderate, grade 1 or 2, osteophytes.

Only a few US studies estimating the prevalence of HOA are published. Recently Abraham et
al. showed that about 78% of 311 participants of the Newcastle Thousand Families Study sample had
HOA signs in at least one finger joint. All the participants were aged between 61 and 63 [39]. The
lower frequency of HOA reported therein does not contradict our results, however, as only four joints
were assessed with US and participants were considered HOA positive if only one osteophyte was
found. In our study, 26 joints were assessed. Thus, the chance for at least one osteophyte was much
higher in our study.

Based on the results of the present analysis and due to the extremely high prevalence of grade 1
osteophytes, the question whether these findings may be considered per se pathologic or not must
be raised. The most frequently used scoring system by Kellgren and Lawrence for CR leaves some
room for interpretation: herein, doubtful osteophytes are considered to be normal and are not scored
as osteophytes [5]. As already mentioned, the resolution and, thus, the sensitivity of high frequency
US exceeds CR. This could lead to the consequence that grade 1 osteophytes in US are classified as
doubtful in conventional radiographs. According to Hart et al., small osteophytic processes in knees
should not be considered normal [40], the same is also suggested by Mathiessen et al. in a study
published in 2017, for finger joints examined by US. In subsequent examinations both studies showed
that these doubtful osteophytes can develop into larger ones.[41,42] Mathiessen et al. made these
observations in previously unaffected joints of patients with HOA. It seems that osteophytes detected
by US can predict the incidence of CR and clinically proven HOA five years later [41]. Questions
arise, whether these observations also apply to individuals for whom no HOA is known.

No solitary grade 2 or grade 3 osteophytes were found in our study. This indicates a continuity
of development, as osteophytes may develop from lower to higher degrees even in individuals
without known HOA. Our investigations show that almost every participant examined has at least
one osteophyte. We assume that grade 1 osteophytes can be considered normal in our population-
based ultrasound study.

Mechanical stress of the hands is discussed repeatedly in the literature as a main risk factor of
HOA. There is evidence that the prevalence of OA and HOA is etiologically linked to occupation [42].
In a study by Haara et al. a correlation between workload and HOA could only be found in women
[43]. Furthermore, it seems that not heavy mechanical work but a high number of repetitive
movements could play a role [44]. However, in a study by Caspi et al. workload had no influence on
HOA expression in a cohort of patients with a relatively high mean age of 79 years [32]. In our study
there was no subgrouping that considered the intensity of the different workloads. The participants
came from various working areas such as offices, kitchens, handicraft areas or other industry.

In concordance with our results, DIP joints seem to be the most affected joints in studies using
CR and US, too [27,28,39,45,46]. The second most frequently affected joint group are PIP joints with
48%. This is in contrast to studies using CR which found out that CMC 1 joints are the second most

d0i:10.20944/preprints202305.0612.v1
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affected joint group by HOA not PIP joints [27,28]. Even a study by Abraham et al. using US to
estimate the prevalence found CMC 1 joints to be more often affected in 41% than PIP joints with only
23% [39]. Different results could be explained by assessing more joints than other US studies and a
higher sensitivity of US compared to CR. However, if only grade 2 and grade 3 osteophytes are
considered, CMC 1 joints are also the second most frequently affected joint group in our study.

We found a significant correlation between age and an increasing number of osteophyte sum
score. Similar results were found in various studies. Kalichman et al. described a strong correlation
of osteophytes and age in all joint groups in both women and men [47]. While other studies showed
similar results but not always for every age category or joint group [27,28,32,45]. The findings
underline, that low-grade osteophytes are especially common in older patients and should therefore
only be considered pathological with caution. We found no effect of gender on the number of
osteophytes. Recent studies in this matter provide different results. Higher prevalence of HOA for
women was reported by the NAKO trial [25] and Jones et al. [48]. Haugen et al. showed similar results
but the data were not significant [31]. Whereas Caspi et al. found a similar prevalence in men and
women [32]. Regarding that there is a sex difference in clinical obvious HOA in particular low-grade
osteophytes seem to occur with equal frequency in both groups in our cohort.

It has to be mentioned that US is a suitable imaging technique for detecting HOA signs, but CR
is still the gold standard of imaging modalities for diagnosing HOA as there are clinically accepted
and more validated as diagnostic criteria [9]. Various studies show a greater sensitivity of US for the
detection of osteophytes [11,15,49,50], synovitis [51-53], and erosions [49,50,54] compared to CR.
Moreover, US performs comparable to MRI in detecting osteophytes in HOA. Compared to CR and
clinical examinations, US is more sensitive [12]. US and MRI offer the additional advantage that
cartilage thickness can be directly assessed [55]. The technical progress of US devices with high image
resolution and thus increased sensitivity for the detection of HOA signs is contrasted with evaluation
systems for estimating the prevalence, which have been used so far.

Upcoming development of rapid, cheap and save robot performed US hand investigation and
interpretation by artificial intelligence will boost hand US as a no more specialist dependent
population based screening tool [56-60].

Thus, definitions in diagnostic criteria for HOA should recognize increasing sensitivity for
osteophytes and adapt new evaluation systems for estimating the prevalence of HOA. So far, only
one preliminary scoring system for HOA has been introduced which comprises osteophytes and
synovitis in grey scale and power Doppler (PD) mode if present [10]. The experts of the OMERACT
group headed by Hammer et al. 2014 recommend the use of a semi-quantitative scoring system to
detect and evaluate osteophytes using US like in this study [13]. Further studies are needed to
determine at what number or which degree osteophytes in finger joints are pathological when using
US. In the present study, comparable values to those in population-based studies using CR are seen
when the presence of grade 2 osteophytes are used as a US criterion to estimate the prevalence of
HOA.

As a limitation of our work, interphalangeal 1 (IP1) and MCP 1 joints were not assessed, because
we considered standardization of assessment to be difficult in a preliminary study. Images were
taken from a palmar view although osteophytes are recommended to be investigated from a dorsal
view or by two planes. However, considering our high prevalence rates this recommendation should
be reassessed. The palmar view was chosen originally because synovitis, erosions, cartilage thickness,
and an approximation of joint space were examined in addition to osteophytes in the data collection,
and overall more pathologies were better visualized from palmar. Furthermore, the voluntary nature
of participation, the recruitment at work and the larger male cohort may introduce bias by indication.
To keep this bias as low as possible, subjects without any complaints were approached and
encouraged to participate in the study. Another limitation is that the images were evaluated with a
consensus reading, a blinded double reading with a third independent reading in case of
discrepancies could certainly make the results more reliable.
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5. Conclusions

The presence of osteophytes is a main criterion for the diagnosis of HOA. The presence of
osteophytes, particularly low-grade osteophytes, are a normal finding in our population-based US
study and may lead to overdiagnosis of HOA. The prevalence is increasing with age. The border to
clinically relevant pathology and the risk for general progression of HOA can only be defined by
longitudinal observations. Even with those limitations high sensitivity, validated grading and
automated performance will increase the relevance of hand US as a population based screening tool
in future.
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