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Original Article

Relationship Between the Bone Formation Rate and Functional Status in
Symptomatic Knee Osteoarthritis

Semptomatik Diz Osteoartritinde Kemik Yapim Hizi ile Fonksiyonel Durum Arasindaki iligki
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Objectives: This study aims to investigate the relationship
between serum levels of bone-specific alkaline phosphatase
and functional status in patients with symptomatic knee
osteoarthritis (OA).

Patients and methods: Seventy patients (57 females, 13 males;
mean age 57.5+9.3 years; range 48 to 67 years) diagnosed with
knee OA based on the American College of Rheumatology (ACR)
criteria and 30 age- and gender-matched healthy controls (mean
age 56.4+7.5 years) were enrolled in the study. Patients were
evaluated using clinical, laboratory and radiographic methods.
Bone-specific alkaline phosphatase and 24-hour urinary calcium
and phosphorus levels were tested to assess bone metabolism.
The Lequesne index was used for the severity of disease and the
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) was used for the functional status.

Results: The mean bone-specific alkaline phosphatase value
was 13.69+4.76 mg/dl in the patient group. No statistically
significant difference was found between the patient group and
the control group in terms of bone-specific alkaline phosphatase
values (p=0.584). The bone formation rate was high in 28.5%
of the patients. A significantly positive correlation was found
between the bone-specific alkaline phosphatase and the
WOMAC stiffness scores (p=0.07, r=0.340). No significant
correlation was found between the bone-specific alkaline
phosphatase and the pain, physical function, and the total
scores of the WOMAC and Lequesne index (p=0.590, r=0.090,
p=0.489, r=0.107, p=0.413, r=0.139, p=0.285, r=0.70 respectively).

Conclusion: In this study, an increase was shown in the
bone formation rate in approximately /s of the patients
with symptomatic knee osteoarthritis. A significant positive
correlation was found between bone formation rate and knee
stiffness. However, no relationship was observed between
the bone formation rate and pain, physical function, when
they were compared with severity of the disease.
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Amac: Bu calismada semptomatik diz osteoartriti (OA)
olan hastalarda kemige 6zgl serum alkalen fosfataz
dizeyi ile fonksiyonel durum arasindaki iligki arastirildi.

Hastalar ve yéntemler: Bu calismaya Amerikan
Romatoloji Birligi (ACR) kriterlerine gére diz OA
tanisi konulan 70 hasta (57 kadin, 13 erkek; ort. yas
57.5+9.3 yil; dagihm 48-67 yil) ile yas ve cinsiyet
acisindan uyumlu 30 saglhkh kontrol (ort. yas 56.4+7.5
yil) alindi. Hastalar klinik, laboratuvar ve radyografik
yontemlerle degerlendirildi. Kemik metabolizmasinin
degerlendirilmesi icin kemige 6zglu alkalen fosfataz ve
24 saatlik Uriner kalsiyum ve fosfor duzeyleri test edildi.
Hastalilk siddeti icin Lequesne indeksi, fonksiyonel
durum icin Western Ontario and McMaster Universitesi
Osteoartrit indeksi (WOMAC) kullanildi.

Bulgular: Kemige 6zgl alkalen fosfataz degeri, hasta
grubunda ortalama 13.69+4.76 mg/dl idi. Kemige 6zgu
alkalen fosfataz degerleri agisindan kontrol grubu ile
hasta grubu arasinda istatistiksel olarak anlaml bir
fark bulunmadi (p=0.584). Hastalarin %28.5’inde kemik
yapim hizi yiksek idi. Kemige 6zgu alkalen fosfataz
ile WOMAC tutukluk skoru arasinda ise anlamli pozitif
korelasyon bulundu (p=0.07, r=0.340). Kemige 06zgi
alkalen fosfataz ile agri, fiziksel fonksiyon, WOMAC total
skoru ve Lequesne indeksi arasinda anlamli korelasyon
bulunmadi (sirasiyla, p=0.590, r=0.090, p=0.489,
r=0.107, p=0.413, r=0.139, p=0.285 r=0.70).

Sonug¢: Bu calismada semptomatik diz osteoartriti
olan hastalarin yaklasik '/4’linde kemik yapim hizinda
artis oldugu gdésterilmistir. Kemik yapim hizi ile dizdeki
tutukluk arasinda anlamh bir pozitif iliski bulunmustur.
Ancak hastalik siddeti ile karsilastirildiginda kemik
yapim hizi, agri ve fiziksel fonksiyon arasinda herhangi
bir iliski gézlemlenmemisgtir.

Anahtar sézcukler: Diz; osteoartrit; osteogenez.

Received: April 5, 2011 Accepted: November 8, 2011

Correspondence: Demet Tekdés Demircioglu, M.D. istanbul Memorial Hizmet Hastanesi, Fiziksel Tip ve Rehabilitasyon Klinigi, 34590 Bahcelievler,

istanbul, Turkey. Tel: +90 212 - 557 70 70 e-mail: drtekdos@yahoo.com

©2011 Turkish League Against Rheumatism. All rights reserved.



Bone Formation and Function in Knee Osteoarthritis

Osteoarthritis (OA) is a common pathology that
involves the synovial joints. Alterations of bone and
synovial tissue metabolism may occur along with
cartilage destruction in OA."? During its progression,
the structure of the cartilage deteriorates in cases of
increased bone in the subchondral bone, thinning of
the trabecular structure, and additional destruction.?

In recent years, it has been found that different
biochemical markers were indicative of bone turnover
in animal models and humans. These markers
can be measured in the serum or urine, providing
information about the formation and destruction
of the bone. Studies show that these biochemical
markers are sensitive to alterations in the bone
turnover rate.”

Concentrations of proactive and active
metalloproteinase and alkaline phosphatase (ALP)
and subchondral bone turnover were shown to
increase in subchondral bone specimens obtained
from patients with a total hip prosthesis for
osteoporosis or OA.F! Previous studies in patients
with knee, hip, spine, and hand OA revealed
contradictory results for bone formation and
resorption. 3! Although most of them demonstrated
that biochemical markers increased in OA,5' some
reported that there was no alteration or gradual
decline in bone turnover.'>"*! Osteoarthritis affects
all biomechanical dynamics of the joint, resulting in
functional failure. The functional assessment aims
to measure the abilities and limitations of a person
in managing daily life, occupational interests, social
relations, and other behaviors.!"!

The objective of the present study was to investigate
the correlation between bone-specific alkaline
phosphatase (BALP) and functional status in patients
with symptomatic knee OA.

PATIENTS AND METHODS

The cross-sectionally designed study included a
total of 70 patients (57 females, 13 males; mean
age 57.5+9.3 years; range 48 to 67 years), who
were admitted to the Istanbul Physical Medicine
and Rehabilitation Training Hospital Clinic with
complaints of knee pain and were diagnosed with
knee OA according to the American College of
Rheumatology (ACR) criteria between February 1
and September 30, 2008. The control group consisted
of 30 healthy individuals, matched according to age
and gender (mean age 56.4+7.5 years), with no
complaints of knee pain.
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Those patients exhibiting secondary OA,
osteoporosis, any disease or medications which affect
bone metabolism were excluded.

The evaluations included routine blood
biochemistry and complete blood count along with
erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), and rheumatoid factor levels. A
urinalysis was also performed, and standard
anteroposterior and lateral radiographs of the knee
were obtained while patients were standing.

In all patients, BALP, 24-hour urinary calcium
(Ca), and phosphorous (P) levels were measured
to assess bone metabolism. Fasting blood samples
were drawn before 09:00 AM. Bone mineral density
(BMD) was measured using dual-emission X-ray
absorptiometry (DXA, previously DEXA) (Lunar
DPX Pro, Madison, Wisconsin) at the lumbar spine
and proximal femur.

Bone-specific alkaline phosphatase concentrations
of patients were measured by in-vitro quantitative
determination of ALP in serum or plasma
(Orthophosphoric-monoester  phosphohydrolase,
alkaline optimum, EC 3.1.3.1, Thermo Electron
Corporation, Pittsburgh, USA).

Radiological assessment was made according to the
Kellgren-Lawrence classification. Severity of disease
and functional status were measured using the Western
Ontario and McMaster Universities (WOMAC) OA
and Lequesne Indices.

The WOMAC OA Index, a disease-specific
measuring tool, is a common scale used for patients
with knee or hip osteoarthritis. It consists of three
subscales: stiffness, pain, and physical function. Higher
WOMAC scores indicate increased pain and stiffness
along with poor physical functions.!!

The Lequesne Index is another disease-specific
measuring tool which addresses pain, walking
distance, and activities of daily life in patients
with osteoarthritis. Higher scores indicate higher
functional limitation."®!

Statistical Package for Social Sciences (SPSS Inc.,
Chicago, Illinois, USA) 15.0 software package for
Windows was used for statistical analysis during the
evaluation of data. A score of p<0.05 was considered
statistically significant.

Compairments were evaluated by Student’s t-test
while correlations were assessed by the Spearman
correlation test.
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The study was carried out according to the principles
outlined in the Declaration of Helsinki, and approval
was obtained from the hospital’s ethics committee.

RESULTS

The mean body mass index (BMI) was 30.5+5.0
and 29.0£5.0 kg/m? respectively in the patient and
control groups, and no differences were found
between age and BMI in the two groups (p=0.680).
The mean duration of disease was 6.22+5.67 years.
According to the Kellgren-Lawrence radiological
grading system, the mean radiological grade was
2.83+0.52. Table 1 summarizes the individual and
total scores for the WOMAC subscales of pain,
stiffness, and physical function as well as the mean
Lequesne Index score.

The Ca, P, ALP and BALP levels of the patient and
control groups are shown in table 2. No significant
differences were found in the blood values between the
two groups (p=0.810, p=0.453, p=0.346 p=0.254).

In the patient group, ESR was 24.7+11.3 mm/st,
CRP was 0.5+0.4 mg/dl, 24-hour urinary Ca was
145.6+111.9 mg, and P was 584.9+222.4 mg. The
24-hour urinary Ca and P levels were within normal
limits.

Table 3 summarizes the relationship between the
WOMAC OA and Lequesne Indices and the Ca, P, ALP,
and BALP levels.
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A significant positive correlation was found between
BALP and the stiffness subscale scores of WOMAC
(p=0.02, r=0.392). There was no significant correlation
between BALP levels and the subscale scores and total
score of WOMAC for pain and physical functioning
(p=0.458, r=0.099, p=0.265, r=0.147, p=0.229, r=0.159)

No significant relationship was found between
BALP levels and mean Lequesne Index values (p=0.415,
r=0.108).

A statistically significant positive correlation was
found between BALP levels when compared with ESR
and CRP values (p=0.00, r=0.380).

The BMD values of the femoral neck and lumbar
region were 0.928+0.105 g/cm?* and 1.122+0.244 g/cm?
respectively in the patient group. The T scores of the
femoral neck and lumbar region were 0.396+0.846
and 0.002+1.162 respectively. Among female patients,
46 were postmenopausal, and 11 were premenopausal.
The mean duration of menopause was 8.99+7.44 years.
No correlation was found between the duration of
menopause and BALP (p=0.796, r=0040).

DISCUSSION

The present study showed a significant correlation
between BALP levels and WOMAC stiffness scores.
However, no significant relationship was observed
between WOMAC pain and physical functioning when
compared with disease severity scores and BALP levels.

Table 1. WOMAC and Lequesne scores of patients with
knee osteoarthritis

Median Minimum Maximum

(n=70) (n=70) (n=70)
WOMAC pain 6 0 16
WOMAC stiffness 0 0 6
WOMAC function 19 0 53
WOMAC total 45 4 75
Lequesne total 8 0 21

WOMAC: Western Ontario and McMaster Universities Index; Descriptive
statistics were used for analysis.

Table 2. Laboratory parameters

Patients Control p
(n=70) (n=30)
Ca (mg/dL) 9.14+0.527 8.91+0.621  0.810
P (mg/dL) 3.22+0.580 3.04+0.423  0.453
ALP (mg/dL) 76.92+22.90  79.24+21.42 0.346
BALP (mg/dL) 13.69+4.760 14.31+5.55 0.254

Ca: Calcium; P: Phosphorous; ALP: Alkaline phosphatase; BALP: Bone-
specific alkaline phosphatase; Student's t-test was used for statistical analysis.

Table 3. Relationship between WOMAC OA index,
Lequesne index, and Ca, P, ALP and BALP levels in the
patient group
Ca P ALP BALP

WOMAC pain

r value -0.006 0.088 -0.045 0.099

p value 0.965 0.513 0.738 0.458
WOMAC stiffness

r value -0.068 0.074 0.173 0.392

p value 0.613 0.582 0.194 0.002*
WOMAC function

r value -0.074 -0.120 0.108 0.147

p value 0.583 0.369 0.419 0.265
WOMAC total

r value -0.069 0.100 0.087 0.159

p value 0.605 0.455 0.515 0.229
Lequesne total

r value -0.162  0.00 0.076  0.108

p value 0.225 1.00 0.571 0.415
WOMAC: Western Ontario and McMaster Universities Index; Ca: Calcium;
P: Phosphorus; ALP: Alkaline phosphatase; BALP: Bone-specific alkaline
phosphatase; Correlation is significant at the 0.05 level; Spearman correlation
test was used for statistical analysis.
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Although there have been many previous studies on
functional status in patients with knee OA, there is
no study evaluating the relationship between bone
turnover and functional status.

The present study showed that 28.5% of patients
with symptomatic knee OA had higher BALP levels,
an indicator of bone formation. However, the bone
formation rate was not statistically different in the
patient group when compared with the control group.

Studies on patients with OA have shown different
results regarding bone turnover. Some studies have
shown an increase in the markers of bone turnover,
including patients with involvement at different
locations such as the hip, spine, and hand.**?

A study by Hunter et al.'”! reported that among
markers of bone turnover, BALP osteocalcin, and CTx
and NTx (N- and C-terminal collagen cross-links)
levels were within normal limits whereas urinary
deoxypyridinoline levels were increased. Another
study on patients with advanced OA (28 involving the
knee and 32 involving the hip joint) showed higher
serum BALP and urinary deoxypyridinoline levels."®!

However, some other studies suggest that markers
of bone turnover are not increased.'”*"! The level of
bone markers may not necessarily imply increased
bone turnover as restructuring of the bone in question
is local. It is already known that biochemical markers
indicating bone turnover may differ with the timing
of sampling, osteoporosis, menopausal state, age, and
several diseases.® Bone-specific alkaline phosphatase
is a highly consistent marker for daily alterations.
Furthermore, the present study showed no significant
relationship between the menopausal state, gender,
and bone formation. Each of the patients underwent
osteoporosis evaluation by DX A with results within the
normal range.

The present study showed a significant relationship
between BALP levels and CRP and ESR values. It
indicates that the bone formation rate may also
increase in patients with acute inflammation. In a
study by Kim et al.?” conducted with high sensitivity
CRP and biochemical markers of bone turnover in
pre- and postmenopausal healthy women, BALP levels
had a tendency to increase along with elevated high
sensitivity CRP levels.

In conclusion, the present study showed a significant
positive correlation between the bone formation rate
and knee stiffness in women with symptomatic knee
OA. Longitudinal studies, including bone formation
and resorption indicators in patients with knee OA,
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may provide further beneficial data about the use of
these markers.
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