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Is there a relationship between venous insufficiency and knee
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ABSTRACT
Objectives: This study aims to evaluate whether there is a relationship between venous insufficiency (VI) and knee osteoarthritis (OA).

Patients and methods: Between February 2012 and May 2013, a total of 206 knees of 103 participants (14 males, 89 females; mean age
48.6+8.6 years; range, 30 to 69 years) were enrolled. The study group included 59 patients who were diagnosed with knee OA and the
control group included 44 healthy volunteers without any complaint in their knee joints. Demographic and clinical characteristics
of all participants were recorded. Venous system of the lower extremities was evaluated by Doppler ultrasonography. All knees were
evaluated using conventional radiography based on the Kellgren-Lawrence (K&L) grading system and ultrasonography. Pain severity
was evaluated using Likert pain scale and functioning was evaluated using Western Ontorio and McMaster Universities Osteoarthritis
Index (WOMAC).

Results: Venous insufficiency was detected in 40.6% of the OA group and 15.9% of the control group (p=0.007). There was no statistically
significant difference in the cartilage thicknesses and K&L grading regarding the presence of VI (p>0.05); however, the percentage of the
radiographic medial tibial sclerosis was higher in patients with VI (60%) in the OA group (p>0.05). The WOMALC total scores were similar in
both groups, while the WOMAC pain scores were higher in the patients with deep VI (p>0.05).

Conclusion: Increased radiographic medial tibial sclerosis and higher WOMAC pain scores in patients with venous involvement in OA may
lead to the hypothesis that venous system pathologies can affect the intraosseous microenvironment of the bone, resulting in pain and early
subchondral bone involvement, consequently presenting as subchondral sclerosis.
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Osteoarthritis (OA) is defined as a disease primarily
characterized by cartilage degeneration; however, in
recent years, it is considered a joint failure involving the
entire joint such as cartilage, synovium, subchondral
bone, and ligamentous tissue.? The pathophysiology
of the OA has not been clearly understood yet and
the knowledge of vascular circulatory disturbances
and their consequences to subchondral bone
microenvironment is limited. It has been shown that
blood vessels are located more particularly at the bone
resorption sites® and any alterations in bone perfusion
result in hypoxia in the subchondral bone and also
cause intraosseous hypertension and increased bone

resorption.”! Increased subchondral bone resorption
is associated with subchondral bone sclerosis and
cartilage thinning."

Osteoarthritis and chronic venous disease share
the common risk factors such as obesity and prolonged
standing. Chronic venous disease, particularly
venous insufficiency (VI), is accompanied by venous
hypertension. There are some studies assessing
the contribution of circulatory disturbances in the
pathophysiology of OA; however, the number of studies
investigating the relationship between peripheral VI
and OA is limited.!”
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Relationship between venous insufficiency and knee osteoarthritis

In the present study, we aimed to investigate
whether there is a relationship between knee OA
and VL.

PATIENTS AND METHODS

In this case-control study, all participants were
selected among the patients who were admitted
to the Outpatient Clinic of Physical Medicine and
Rehabilitation, Ankara University School of Medicine
between February 2012 and May 2013. A total of
206 knees of 103 participants (14 males, 89 females;
mean age 48.6+8.6 years; range, 30 to 69 years) were
evaluated for the study. The study population included
59 patients who were diagnosed with knee OA according
to the clinical and radiological American College of
Rheumatology (ACR) knee OA criteria.”’ Forty-four
healthy volunteers without any complaint in their knee
joints were selected as the control group. Individuals
with intraarticular injection within the previous
six months, previous knee surgery, previous lower
extremity vascular surgery, cardiorespiratory disease,
acute arterial or venous thrombosis, inflammatory
arthritis, intraarticular neoplasms, and trauma were
excluded from the study. A written informed consent
was obtained from each participant. The study protocol
was approved by the Ankara University School of
Medicine Ethics Committee (No. 01-48-12). The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Data including demographic and clinical
characteristics of all participants such as age, gender,
marital status, body mass index, and history of deep
venous thrombosis were recorded.

Venous insufficiency evaluation

Venous Doppler ultrasonography was performed
in all lower extremity peripheral veins of the
participants by an experienced and blinded vascular
surgeon (CK) using a 7 to 12 MHz linear probe (HDI
5000, Philips Medical Systems, Bothell, WA, USA).
Lower extremities were examined in the standing
position on the examination table. Valsalva maneuver
was performed after the normal evaluation, and VI
was recorded if there was an abnormal retrograde
outflow during Valsalva maneuver. A reflux time
of >0.5 sec for superficial veins and 1.0 sec for deep
veins is typically used to diagnose the presence of
reflux.!®

Bilateral common femoral, femoral, deep femoral,
popliteal, anterior tibial, posterior tibial, long
saphenous, short saphenous, and perforating veins
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were examined. The clinical status of venous disease
was evaluated using clinical, etiological, anatomical
and pathological classification (CEAP) system which
is based on clinical manifestations (C), etiological
factors (E), anatomic distribution of disease (A), and
underlying pathophysiological findings (P).”) The
clinical classification has seven categories (0-6) and
is further categorized by the presence or absence of
symptoms. The etiological classification is the basis on
congenital, primary, and secondary causes of venous
dysfunction. The anatomic classification describes
the superficial, deep, and perforating venous systems,
with multiple venous segments that may be involved.
The pathophysiological classification describes
the underlying mechanism resulting in chronic VI,
including reflux, venous obstruction, or both (Figure 1).

Common femoral, femoral, long saphenous, short
saphenous vein involvement was considered superficial
VI, while the involvement of deep femoral, popliteal,
anterior tibial, posterior tibial and perforating veins
was considered deep VI.

Radiographic evaluation of the knees

At baseline, all participants underwent bilateral
weight-bearing anteroposterior knee radiographs.
Radiographs of the knees were evaluated according
to the Kellgren-Lawrence (K&L) grading scale!'”
by an experienced physician. This scale evaluates
knees according to joint space narrowing (JSN) and
presence of osteophyte: Grade 0 no radiographic
features of OA are present; Grade 1 there is doubtful
JSN and possible osteophytic lipping; Grade 2
definite osteophytes and possible JSN is present;
Grade 3 multiple osteophytes, definite JSN, sclerosis,
possible bony deformity is seen; Grade 4 large
osteophytes, marked JSN, severe sclerosis and
definitive bony deformity is present. The presence
of medial tibial subchondral sclerosis on the
anteroposterior knee radiography was evaluated
separately in all individuals, since venous system
involvement may be an indicator of subchondral
bone involvement.

Ultrasonographic evaluation of the knees

Cartilage thickness measurements were made
with a linear probe (7-12 MHz Logiq P5, GE Medical
Systems, CA, USA). The patients were examined in
the supine position on the examination table with
their knees in maximum flexion and the probe was
placed in an axial position on the suprapatellar area
where the superior origin of patella finished."” The
distal femoral cartilage was visualized as a strongly
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Clinical manifestations

C0:  No visible or palpable signs of venous disease.
Cl:  Telangiectasis or reticular veins.
C2:  Varicose veins; distinguished from reticular veins by a diameter of 3 mm or more.
C3:  Edema.
C4:  Changes in skin and subcutaneous tissue secondary to CVD, now divided into
two subclasses to better define the differing severity of venous disease:
C4a: Pigmentation or eczema.
C4b: Lipodermatosclerosis or atrophie blanche.
C5:  Healed venous ulcer.
C6:  Active venous ulcer.
Etiologic classification
Ec:  Congenital
Ep:  Primary
Es:  Secondary (post thrombotic)
En:  No venous cause identified

Anatomic classification

As:  Superficial veins

Ap:  Perforator veins

Ad:  Deep veins

An:  No venous location identified
Pathophysiologic classification

Pr:  Reflux

Po:  Obstruction

Pr,o: Reflux and obstruction

Pn:  No venous pathophysiology identifiable

Figure 1. CEAP Classification system.”

anechoic structure between the sharp bony cortex
and the suprapatellar fat. Three (mid-point)
measurements were taken from each knee, at the
lateral femoral condyle (LFC), intercondylar area
(ICA), medial femoral condyle (MFC) (Figure 2).
Each distance was measured three times in total and
the average measurement was calculated.

Evaluation of pain and functioning

Functioning was evaluated using the Turkish
version of Western Ontario and McMaster

Universities Osteoarthritis Index (WOMAC 3.0).1%
The WOMAC assesses functioning in three subscales:
pain (5 items), joint stiffness (2 items), and physical
function (17 items) through 24 questions (0 to 100
visual analog scale). Each item is scored as 0-4: none
(0), mild (1), moderate (2), severe (3), and extreme
(4). The scores for each subscale are summed up,
with a possible score range of 0-20 for pain, 0-8 for
stiffness, and 0-68 for physical function, and total
score changes 0-100. High scores indicate increased
pain and stiffness and deterioration in physical
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Figure 2. An ultrasonographic view of cartilage thickness measurement.
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function. The Likert pain scale was used for rating
pain severity, and higher values indicates increased
pain severity."!

Statistical analysis

All statistical analyses were performed using
the RStudio Version 0.96.122 (RStudio: Integrated
Developement for R. RStudio, Inc., Boston, MA,
USA). Descriptive data were expressed in mean
+ standard deviation (SD), median (min-max),
and number and frequency. The Mann-Whitney
U test was used for the variables obtained by the
measurement and chi-square test for categorical
variables. The odds ratio (OR) with 95% confidence
interval (CI) was calculated. Logistic regression
analysis was done to identify the effect of group (OA
vs. control) in terms of VI for the age adjustment.
The effect of factors in dependent samples was
evaluated by repeated analysis of two-way analysis
of variance (ANOVA). A p value of <0.05 was
considered statistically significant.
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RESULTS

A total of 118 knees in the knee OA group and
88 knees in the control group were evaluated. Baseline

characteristics of the study population are presented
in Table 1.

According to the CEAP classification system,
the frequency of VI was significantly higher in the
OA group (40.6%, n=24) than the control group
(15.9%, n=7) (p=0.007) and 33 (18 right and 15 left)
of the 118 lower extremities had VI in the OA group.
The risk of VI in the OA group was 3.62-times
higher (95% CI: 1.38-9.43) than normal individuals.
However, as the age was significantly higher in the
OA group, logistic regression analyses was done.
When the effect of age was adjusted, there was
not significant difference between OA and control
group in terms of VI (p=0.13, OR: 2.33, 95% CI:
0.772-7.034).

All patients were between CO0-C2 according to
clinical category of CEAP. The etiological problem was

TABLE 1
Baseline characteristics of study population

OA group (n=59) Control group (n=44)
% Mean+SD % Mean+SD P
Age (year) 52.5+7.4 43.2+6.8 <0.001
Gender
Female 86 86
Male 14 14
Body mass index (kg/m?) 30+4.7 26.7+4.7
Venous insufficiency 40.6 15.9 0.007
Pain severity 2.5%1.0 -
WOMAC
Pain (0-20) 7.8+4.4 -
Joint stiffness (0-8) 2.2 +1.8 -
Physical function (0-68) 26.7+14.4 -
Total (0-100) 36.9+9.5 -
OA: Osteoarthritis; SD: Standard deviation; WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index.

TABLE 2
Cartilage thickness and Kellgren-Lawrence grading of study population
OA group (N=118) Control group (N=88)
Mean+SD  Median Min-Max Mean+SD  Median = Min-Max p

Kellgren-Lawrence 2 0-4 2 0-2 <0.001
Cartilage thickness (mm)

Medial femoral condyle 2.0£0.7 1.9+0.2 0.71

Intercondylar area 1.9+0.5 2.0+0.4 0.62

Lateral femoral condyle 1.9+0.4 2.0+0.8 0.89
OA: Osteoarthritis; SD: Standard deviation; Min: Minimum; Max: Maximum.
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TABLE 3

The relation of venous insufficiency with cartilage thickness in extremities of osteoarthritis group

(N=118)

Venous insufficiency + (N=33)

Venous insufficiency - (N=85)

Parameter (mm) Mean+SD Median P

Medial femoral condyle 2.1+1.2 1.9+0.3 0.947
Intercondylar area 1.9+0.6 1.9+0.4 0.770
Lateral femoral condyle 1.9+0.3 1.9+0.4 0.671

SD: Standard deviation.

TABLE 4
The relation of venous insufficiency with pain and sclerosis in osteoarthritis group
Osteoarthritis
Venous insufficiency + (n=24) Venous insufficiency - (n=35)
N % Median Min-Max N % Median Min-Max p

WOMAC scores

Pain (0-20) 7.5 0-20 8.5 0-16 0.44

Stiffness (0-8) 1.5 0-5 3 0-7 0.17

Physical functions (0-68) 28.5 1-43 29 0-57 0.32

Total (0-100) 41 2-59 39 0-77 0.30
Likert pain severity (1-5) 3 1-5 3 1-5 0.38
Presence of sclerosis (extremities) 20 60.6 44 51.8 0.38
Kellgren-Lawrence grading 2 0-4 2 0-4 0.96
OA: Osteoarthritis; Min: Minimum; Max: Maximum; WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index.

primary VI and the main pathophysiological problem DISCUSSION

was reflux in all of the patients. None of the patients
had a history of deep venous thrombosis.

The K&L staging was Stage <2 in 78% of patients
in the OA group. The cartilage thickness of the knees
of OA and control group was similar (Table 2). The
cartilage thickness of the patients with VI in the OA
group were found to be similar to those without VI
(Table 3).

The K&L grading, WOMAC pain, and Likert pain
severity scores were similar in patients, regardless
of the presence of VI in OA group (p>0.05). Twenty
(60.6%) of the extremities of OA patients with VI had
radiographic medial tibial sclerosis (p>0.05) (Table 4).

The presence of deep VI was detected in 21 lower
extremities among all participants in the study and
16 of these extremities (78%) were in the knee OA
group. Patients with deep VI had higher WOMAC pain
scores (9.2+6.4; median: 10; range, 0 to 20) than those
without deep VI (7.5+4.2; median: 8; range, 0 to 16) in
the knee OA group (p>005).

In the present study, we examined a possible
relationship between VI and knee OA. Our study
results showed that 40.6% of the OA group and 15.9%
of the control group had VI.

It has been shown that patients with knee OA are
reported to develop symptoms of chronic VI more
common than their healthy peers.! However, VI and
OA share common risk factors and the risk of these
diseases increases with age."” Our results showed
that the difference in the frequency of VI between the
groups was not remained after the age adjustment.

In our study, 78% of the patients in the knee OA
group were <Grade 2 according to the K&L staging.
The K&L grading evaluates knees according to JSN
and presence of osteophyte.'” Ultrasonography has
been used for measuring cartilage thickness in knee
OA recently and has been shown to be valuable as
magnetic resonance imaging (MRI) for this purpose.!*
In our study, knee OA was detected on weight-bearing
knee radiographs; however, no significant decrease
in the cartilage thickness was found between the
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control and OA groups. Agnesi et al.'¥l evaluated knee
articular cartilage thickness by MRI according to knee
OA stage and they were unable to find any statistically
significant decrease in the cartilage thickness between
Grade 1 and Grade 2 OA. The authors reported that
significant decrease started after Grade 2. This may
be one of the reasons why we were unable to find
any significant difference in the cartilage thickness
between the control and OA groups. However, it is
known that MRI changes in the subchondral bone in
early OA"® suggest that OA is not always a process
starting from articular cartilage, but a bone disease
that affects bone structure and bone remodeling. In
our study, the patients with OA had no distinct JSN,
but had osteophytic changes on plain radiographs.
Although knee OA was detected radiographically, the
absence of thinning in the cartilage thickness may be
due to the fact that the subchondral bone involvement
starts earlier in the etiopathogenesis of OA.

In our study, cartilage thicknesses were similar in
the OA group, irrespective of VI. However, 60% of knee
OA patients with, VI presented radiographic medial
tibial sclerosis on direct radiographs. 18-F positron
emission tomography and dynamic susceptibility
contrast-MRI were used to quantify perfusion
characteristics and determine changes in subchondral
bone perfusion changes in animal models."” A study
was conducted in Dunkin-Hartley guinea pigs to show
perfusion abnormalities in knee OA models.!'” It was
shown that the venous outflow obstruction in medial
tibiofemoral compartment had positive correlation
with severity of OA. Increased medial tibial sclerosis in
our findings could be related to this process. Another
possible reason is that intraosseous hypertension due
to vascular changes in bone alters the mechanical
properties and leads to the reduced ability of the bone
to act as a shock absorber.!®! This process can result
in microcracks and consequently bone resorption
and formation, failure of bone healing, and increased
subchondral sclerosis.

Bone veins play an important role in bone
resorption and formation.” Moller et al.P
examined the relationship of the vessels with the
trabecular bone and showed that the blood vessels
were mostly seen in the bone resorption sites. In
addition, Wang et al." evaluated the adaptation of
bone to venous stasis and suggested that venous
stasis increased intramedullary pressure, leading to
increased periosteal bone production by irritating
the periosteum. They suggested that the metabolic
changes due to venous congestion, such as oxygen,
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carbon dioxide tension and local pH value might cause
the periosteal response. Also, they emphasized that an
increase on extravascular fluid pressure in response to
venous stasis might pressurize the periosteum, leading
to periosteal deformity and play a role in the periosteal
new bone growth. These findings suggest us the
possibility of affected medial tibial microenvironment
by VI in the knee OA group. Degeneration process
could start from the subchondral bone, leading to the
formation of osteophytes by increasing the periosteal
bone formation before decreasing the joint cartilage
thickness.

In our study, there was no significant difference
in the WOMAC pain scores between the OA patients
with and without VI. Ay et al.?% examined the
association of VI in patients with lower extremity
pain and its effects on pain and functional capacity.
Venous insufficiency was found in 33% of patients
with knee OA and the authors found no statistically
significant difference in the WOMAC scores of
patients, similar to our findings. On the other hand,
Kiaer! reported that elevated intraosseous venous
pressure resulted in an increased substance P, leading
to increased bone pain. Also, Arnoldi et al.?? showed
that the increased pressure in the internal saphenous
vein was associated with resting pain in OA.
Simkin®*! reported that resting pain in knee and
hip in patients with gonarthrosis and coxarthrosis
was due to intraosseous hypertension and also
emphasized that the mechanism of this process
was not fully understood, although intraosseous
phlebography implicated outflow impairment
in the relatively distal venous sites. The authors,
hence, concluded that increased outflow resistance
might amplify the episodic pressure response with
subsequent intravasation of epiphyseal fat leading
to marrow edema and altered mechanics.”” When
the WOMAC pain scores were evaluated according
to deep vein involvement in OA group, the patients
with deep VI had higher WOMAC pain scores in
our study. Considering the fact that deep venous
system involvement increases the risk of intraosseous
hypertension more than superficial venous system
involvement, our findings are consistent with the
literature. Future studies are important to show
whether there is a relationship between intraosseous
hypertension and VI in patients with OA.

There are several limitations to this study. First,
the mean age of the OA group was higher than the
control group, as OA is more common in elderly
people. Second, knee OA patients were unable to be
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evaluated by MRI which is a good option to show
whether early subchondral bone changes is present
in patients with VI. Also, the fact that venous
pressure measurement was not performed by venous
phlebography is another limitation. However, this
process is an invasive method and may not be
appropriate for the study participants due to ethical
considerations. Third, power analysis was unable
to be performed before the study, due to the lack of
a similar study in the literature. Therefore, further
studies including patients with deep VI and using
MRI may provide more accurate results.

In conclusion, to the best of our knowledge, this
is the first study to evaluate possible relationships
between VI and radiographic changes in knee OA. Our
study results suggest that venous system pathologies
can affect the intraosseous microenvironment of the
bone and, therefore, subchondral bone involvement
and consequently subchondral sclerosis may manifest
earlier than articular cartilage involvement. We believe
that future studies, overcoming the limitations of the
present study, would provide a better understanding of
the role of VI in the pathogenesis of OA.
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