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Introduction 

Ankle osteoarthritis is a kind of osteoarthro-
sis characterized by the progressive and degene-
rative ankle cartilage1,2. Its early manifestations 
are often the biochemical metabolic abnorma-
lities of articular cartilage, the progressive de-
generation and injury of articular cartilage, the 
calcification of joint edge and subchondral bone 
and osteophyte formation3-5. Synovial fluid, as 
the place to transport nutrients and metabolites, 
can sensitively reflect the metabolic changes in 
articular cartilage, in addition to lubrication. 
Ankle fluid is less viscous than knee fluid6. To 
obtain sufficient number of specimens, the an-
kle irrigation fluid is often clinically used to re-
place synovial fluid for research7,8. Schmal et al9 
injected Ringer’s solution into the ankle joint ca-
vity in the study on patients before arthroscopy, 
obtained the irrigation fluid after full activity 
of ankle joint, and measured the relevant factor 
levels. Due to the individual differences in sy-
novial fluid content, scholars often correct the 
related factor levels using total protein content 
to correct the deviation caused by dilution, but 
the protein level in synovial fluid is susceptible 
to inflammatory progression, metabolic changes 
and other factors. So, it is not an ideal parameter 
of correcting irrigation fluid10. Urea is a kind of 
small molecule (60 Da) that can spread freely in 
the blood and joint space but cannot be synthesi-
zed or metabolized by the intra-articular tissues, 
so the urea levels in serum and synovial fluid are 
similar in theory, and serum urea can be used 
to predict urea level in synovial fluid11. Previous 

Abstract. – OBJECTIVE: To investigate the re-
liability of urea as the internal reference of ankle 
irrigating fluid in correction of synovial fluid and 
related factor concentration dilution times, and 
to further determine the factor expression level 
in synovial fluid. 

PATIENTS AND METHODS: A total of 91 pa-
tients, including 20 cases of non-posterior medi-
an foot lesions and 71 cases of unilateral ankle 
osteoarthritis, were enrolled in this study. AOFAS 
score, Takakura staging and visual analogue pain 
scale were given; the venous blood was collect-
ed and the ankle fluid and irrigating fluid were ob-
tained from the affected side via puncture. The 
urea in serum, synovial fluid and irrigating fluid 
was quantified using an AU5800 biochemical in-
strument (Beckman Coulter). Statistical analysis 
was performed for the correlation between urea 
in serum and synovial fluid; the levels of TNF-α, 
IL-1β, IL-6, IGF-1 and HELIX-II in irrigating fluid 
quantified by enzyme linked immunosorbent as-
say (ELISA) were further corrected.

RESULTS: There was a good linear relation-
ship between urea contents in synovial fluid 
and serum (R2=0.89), and the regression slope 
was 0.927. The levels and ratio of urea in serum 
and synovial fluid were independent of Takak-
ura staging or pain degree. The expressions of 
IL-1β (p=0.000), IGF-1 (p=0.000) and HELIX-II 
(p=0.010) were significantly increased in syno-
vial fluid in patients with ankle osteoarthritis. 
There was no significant difference in expres-
sion of IL-1β (p=0.514), and TNF-α was not de-
tected in synovial fluid.

CONCLUSIONS: This study confirmed the dy-
namic stability of urea in the ankle fluid, and it is 
not affected by the progression of arthritis, age 
and other factors, which is the standard internal 
reference of correcting ankle irrigating fluid dilu-
tion times. The occurrence mechanism of ankle 
osteoarthritis may be different from that of other 
osteoarthritis, and IL-6 and IGF-1 are associated 
with the progression of the disease. Increased 
HELIX-II is an independent factor of predicting 
cartilage injury.
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animal experiments and studies on patients with 
knee arthritis performed by Kraus et al12 showed 
that there is a fixed proportion of urea content 
in synovial fluid and serum. Through measuring 
the urea content in irrigation fluid, the dilution 
times are calculated to accurately correct the re-
lated factor levels in synovial fluid. Previous stu-
dies13,14 have shown that the expressions of IL-1β, 
TNF-α and IL-6 are significantly increased after 
anterior cruciate ligament injury in the knee and 
HELIX-II and IGF-1 can be used as markers of 
early injury of knee cartilage and ankle carti-
lage15,16. However, the study on the expressions 
of above factors in ankle osteoarthritis is still 
lacked. In this work, the urea contents in se-
rum and irrigation fluid were used to correct the 
expression levels of related factors in synovial 
fluid. The differences in related factor expres-
sion levels between healthy ankle joint and ankle 
arthritis in different degrees were compared, so 
as to provide the basis for early diagnosis and 
further treatment of ankle osteoarthritis.

Patients and Methods 

Patients 
A total of 91 patients (including 20 cases of hal-

lux valgus without posterior median-foot lesions 
confirmed via physical examination and X-ray in 
ankle surgery of Beijing Tongren Hospital and 
71 cases of unilateral ankle osteoarthritis) were 
enrolled from February 2015 to September 2016. 
This study was approved by the Ethics Commit-
tee of Beijing Tongren Hospital. Signed written 
informed consents were obtained from all partici-
pants before the study. Inclusion criteria of ankle 
osteoarthritis: (1) patients with a history of ank-
le trauma, including fractures, ligament rupture, 
and chronic instability combined with repeated 
sprains; (2) patients definitely diagnosed as uni-
lateral ankle osteoarthritis according to medical 
history, physical examination, imaging examina-
tion and intraoperative findings. Exclusion crite-
ria: (1) patients with a history of alcohol or drug 
abuse; (2) patients whose conditions could not be 
accurately reflected due to the mental retardation, 
etc; (3) patients with neuromuscular disorders, 
rheumatoid or other arthritis; (4) patients accom-
panied with infection, severe diabetes mellitus or 
peripheral neuropathy, or other neuropathic oste-
oarthritis; (5) patients with hemophilia or other 
blood diseases; (6) patients with severe kidney 
disease or serum urea abnormality. Each patient 

enrolled underwent the ankle-weight lateral X-ray 
examination on the affected side, AOFAS ank-
le-hind foot scale. Also, the visual analogue scale 
(VAS) was used to assess the ankle pain: 0 points: 
no pain; 1-3 points: mild pain; 4-6 points: mode-
rate pain; 7-10 points: severe pain.

Specimen Collection 
Patients enrolled underwent the anteromedial 

puncture via the ankle joint space on the anterior 
medial malleolus and medial anterior tibial ten-
don before ankle arthroscopy, cartilage transplan-
tation or ankle fusion, and after blood evacuation, 
to extract the ankle fluid (Figure 1). 3 mL sterile 
saline was injected using the same syringe need-
le, and the saline and synovial fluid were mixed 
fully through repeated dorsal extension, plantar-
flexion and squeezing of anterior and posterior 
ankle; 1-3 mL irrigation fluid could be obtained 
generally. Synovial fluid and irrigation fluid were 
centrifuged at 3500 rpm for 10 min to take the su-
pernatant; 5 mL venous blood was collected from 
the elbow while the synovial fluid was extracted, 
and the serum was stored at -80°C with synovial 
fluid and irrigation fluid.

Measurement of Urea
The urea in serum, synovial fluid, and irriga-

tion fluid, was quantified using AU5800 bioche-
mical instrument (automatic biochemical analy-
zer, Beckman Coulter, Fullerton, CA, USA); 
the urease method was used to decompose urea 
to produce ammonia that oxidized NADH into 
NAD+ under the action of glutamate dehydroge-
nase, and the urea content was calculated by com-
paring the reduction value under the absorbance 
at 340 nm.

Detection of TNF-α, IL-1β, IL-6, IGF-1 and 
HELIX-II Level in Irrigation Fluid via ELISA

TNF-α, IL-1β, IL-6 and IGF-1 were measured 
using the ELISA kit (R&D Systems, Minneapolis, 
MN, USA); ELISA kit (Shanghai Guangrui Bio-
technology Co., Ltd., Shanghai, China) was used 
to measure the content of human type-II collagen 
helical peptide (HELIX-II) in irrigation fluid. 
The principle of enzyme linked immunosorbent 
assay sandwich technique was used to bind spe-
cific antibody to solid-phase carrier to form the 
solid-phase antibody; also, it was used to combi-
ne it with the corresponding antigen in serum, to 
be detected to form the immune complex. After 
washing, enzyme-labeled antibody was added to 
bind to the antigen in immune complex to form 
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the enzyme-labeled antibody-antigen-solid-phase 
antibody complex, followed by substrate develop-
ment to determine the antigen content.

Statistical Analysis
Epidata3.1 software was used to establish the 

database, and the entry and logic of all data were 
verified. SPSS20.0 software (Version X; IBM, Ar-
monk, NY, USA) was used for statistical analysis; 
variance test was used to compare the differen-
ce in quantitative data between groups and Kru-
skal-Wallis rank sum test was used to analyze the 
correlation between ranked data. p<0.05 suggested 
that the difference was statistically significant.

Results 

Patients
A total of 91 patients included 20 cases in con-

trol group (10 males and 10 females) and 71 cases 
in experimental group (32 males and 39 females). 
Patients in control group were aged 39.90 years 
(26-59 years) on average, while patients in expe-
rimental group aged 45.29 years (16-60 years) on 

average. Variance test and rank sum test showed 
that there were no significant differences in age 
and gender between the two groups. Takakura 
staging of patients in experimental group under 
the ankle-weight lateral plain film on the affected 
side showed that there were 22 cases of Stage 1, 
20 cases of Stage 2, 16 cases of Stage 3 and 13 
cases of Stage 4 (Table I). Synovial fluid (0.60 
mL on average, SD=0.39 mL, 0.1-2.00 mL) was 
successfully extracted from 82 out of 91 patients; 
only the irrigation fluid was obtained from 9 pa-
tients due to little synovial fluid.

Correlation Between Urea Levels in 
Serum and Synovial Fluid

The mean levels of urea in serum and synovial 
fluid were 2.45 mmol/L (1.25-5.05 mmol/L) and 
2.66 mmol/L (1.50-5.50 mmol/L), respectively. 
The linear regression analysis of urea in serum 
and synovial fluid showed a good linear relation-
ship between both (R2=0.890), and the regres-
sion slope was 0.927 (Figure 2); the urea levels 
in serum and synovial fluid or its ratio showed no 
significant differences in different Takakura sta-
ging or pain degrees.

Figure 1. Anteromedial puncture via the ankle joint space on the anterior medial malleolus and medial anterior tibial tendon, 
and extraction of synovial fluid.

Table I. Relevant data to patients enrolled.

Takakura      Urea in Urea in  Synovial
staging Case Age serum synovial fluid (mmol/L)  fluid content (ml) VAS pain  AOFAS 
 
0 20 39.90±11.98 2.37±0.80 2.65±0.86 2.99±1.13 0±0 95.35±4.55
1 22 43.27±12.53 2.35±0.69 2.60±0.72 2.57±0.97 2.27±1.67 72.09±11.55
2 20 42.20±13.62 2.45±0.62 2.65±0.55 2.40±0.75 3.05±1.99 69.85±14.67
3 16 45.56±11.24 2.36±0.69 2.55±0.65 2.78±0.79 5.06±1.39 49.56±12.51
4 13 52.85±5.79 2.87±0.90 2.93±0.87 2.54±0.80 5.62±1.94 41.62±16.59
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TNF-α, IL-1β, IL-6, IGF-1 and HELIX-II 
Level in Irrigation Fluid

A total of 91 patients, including 20 patients of 
each stage from Stage 1 to 4, were selected from 
control group. The levels of TNF-α, IL-1β, IL-6, 
IGF-1 and HELIX-II in irrigation fluid were de-
termined. The urea in synovial fluid was divided 
by urea in irrigation fluid to obtain the dilution 
times, and the related factor levels in irrigation 
fluid were corrected (in case the synovial fluid 
was not obtained successfully, the urea content 
in synovial fluid was calculated according to 
the above linear relationship between urea in 
serum and synovial fluid). Kruskal-Wallis rank 
sum test was used to analyze the differences in 
factor levels between the groups: the expression 
of IL-6 (p=0.000) and IGF-1 (p=0.000) was si-
gnificantly increased in synovial fluid of patients 
with ankle osteoarthritis, and the expression of 
HELIX-1 (p=0.010) was significantly increa-
sed in synovial fluid of patients with Takakura 
Stage 2. The expression of IL-1β (p=0.514) did 
not show significant difference between the two 
groups. No TNF-α was detected due to the low 
expression level (Figure 3).

Correlation Between Pain Level and 
Progression of Ankle Osteoarthritis

Also, Kruskal-Wallis rank sum test proved that 
Takakura staging was increased with the aggra-
vated pain (p<0.01). This result suggests that pain 
is associated with the progression of ankle osteo-
arthritis (Figure 4). There were significant diffe-
rences in AOFAS ankle-hind foot scores between 

different Takakura staging, further confirming 
that the scoring system can well reflect the pro-
gression of ankle osteoarthritis.

Correlation Between Synovial Fluid 
Content and Takakura Staging 
and Pain Degrees

The synovial fluid content could be further cal-
culated according to the known urea level in joint 
fluid (in case the synovial fluid was not obtained 
directly, the urea content in synovial fluid was 
calculated according to the above linear relation-
ship between urea in serum and synovial fluid). 
C0·Vr= (Vr+Vi) C1, so Vj=Vp+C1·Vi/ (C0-C1) (Vj: 
original volume of synovial fluid in the joint, Vr: 
volume of residual synovial fluid in the joint after 
initial puncture, Vp: volume of synovial fluid via 
direct puncture, Vi: saline volume in irrigation, 
C0: urea concentration in synovial fluid, C1: urea 
concentration in irrigation fluid). In this study, the 
synovial fluid content ranged between 0.7 and 6.1 
mL (2.64 mL on average). The analysis of varian-
ce showed that the content of synovial fluid had 
no significant differences in different Takakura 
staging and pain degrees.

Discussion 

We observed that there is a linear correlation 
between urea in serum and ankle fluid; in other 
words, the regression slope between urea in syno-
vial fluid and serum is 0.927. In another work12 on 
knee arthritis, the slope was equal to 0.897. The 
above results are similar to the conclusions made in 
several studies on urea in animal synovial fluid17,18, 
which further confirm that there is a fixed propor-
tion of urea levels in serum and synovial fluid with 
dynamic stability. This relationship is not affected 
by factors, such as arthritis progression (Takakura 
staging), degree of pain or age. In future studies, 
we can measure the urea level in irrigation fluid via 
the single ankle puncture, combined with the urea 
in serum, to calculate the synovial fluid content and 
dilution times, i.e., Vj=C1·Vi/(C0-C1). So urea can 
be used as a stable internal reference to assess the 
content of synovial fluid and correct the dilution 
times of relevant factors within the irrigation fac-
tor. Under normal circumstances, IL-6 produced 
by chondrocyte is maintained at a low level, but the 
production of IL-6 is stimulated in osteoarthritis 
due to a variety of cytokines and growth factors, 
such as IL-1β and TNF19,20. A number of studies 
have confirmed that IL-6 expression is increased 

Figure 2. Linear relationship between urea in serum and 
synovial fluid.
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in knee anterior cruciate ligament injury. Orita et 
al21 studied 47 cases of knee synovial fluid and the 
results showed that IL-6 expression was decreased 
with the progression of arthritis, and TNF-α was 
only increased in patients with early knee arthri-
tis. This is different from what we obtained in the 
study on ankle arthritis, suggesting that IL-6 may 
play a different role in the ankle osteoarthritis. IGF-
1 is secreted by chondrocytes, which can stimula-
te chondrocyte proliferation and cartilage matrix 
synthesis. Despite of the lack of research on IGF-1 
expression in ankle osteoarthritis, the high expres-
sion of IGF-1 in the knee and ankle cartilage injury 
suggests that it is an important protein to regulate 
cartilage metabolism22,23. Schmal et al24 found in 
synovial fluid of patients with ankle fractures that 
IGF-1 was significant increased. This study also 
further confirmed that IGF-1 level in patients with 
ankle arthritis is gradually increased with the pro-
gression of disease, and further investigation of its 
role in arthritis may help explain the development 

and progression mechanism of ankle osteoarthri-
tis. IGF-1 may even be used a marker for predicting 
the progression of ankle osteoarthritis. HELIX-II 
is the degradation product of type II collagen that 
can directly predict cartilage damage. Wei et al15 
studied the knee osteoarthritis and confirmed that 
HELIX-II is significantly increased early, which is 
an independent predictor of cartilage injury, but it 
lacks sensitivity to the further judgment of cartila-
ge damage degree. This study found that HELIX-II 
level was significantly increased in the synovial 
fluid of Stage 2 ankle osteoarthritis, and the pro-
tein content did not show significant differences in 
other different staging, and it was even decreased 
slightly in Stage 4. This result is consistent with 
the characteristics of patients with Takakura Stage 
2 of joint space stenosis and cartilage loss, which is 
also basically the same as the above research result. 
The increase of this type of collagen degradation 
product in the synovial fluid also confirms indi-
rectly that even if the knee and ankle osteoarthritis 

Figure 3. Comparisons of related factor levels in synovial fluid in each group (significance level p<0.05).
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may have different development and progression 
mechanisms, they are actually the cartilage dege-
neration caused by the imbalance of composition 
and catabolism of cartilage extracellular matrix. In 
this study, IL-1β and ankle osteoarthritis staging 
did not show statistically significant changes; ac-
cording to the study on patients with ankle arthri-
tis performed by Adams et al25, the expressions of 
IL-1β and TNF-α in synovial fluid had no signi-
ficant difference compared with those in healthy 
population. In in vitro experiments, under the IL-1 
inhibition, the synthesis rate of proteoglycan of 
ankle cartilage cells cultured in vitro was 8 times 
of that of knee cartilage26. Previous researches27,28 

have confirmed that IL-1β and TNF-α are impor-
tant factors leading to cartilage injury in arthritis. 
In this study, the expression depletion of TNF-α 
may be due to its low expression. In view of the 
“low response” of ankle chondrocytes to pro-in-
flammatory factors, ankle osteoarthritis may have 
different development and progression mechanism 
from other osteoarthritis. The further investigation 
of roles of related factors in the progression of ank-
le osteoarthritis may help us understand its unique 
pathogenic mechanism. Previous reports investiga-
ted the distribution of synovial fluid in ankle joint 
via imaging means, but the specific content was 
not further analyzed29,30. Trnka et al 31 and Heidari 
et al32 found via subtalar joint imaging that about 
10-23% subtalar joints are connected to ankle join-
ts in normal population. Draeger et al33 performed 
the ankle joint cavity perfusion for 9 corpse spe-
cimens and found that 2 cases of ankle joint cavi-
ty was connected to flexor hallucis longus tendon 
sheath. The NMR examination for patients’ feet 
performed in our center confirmed the above mu-

tation, including 1 case of plantar discomfort due 
to hydrops in flexor hallucis longus tendon sheath 
(Figure 5). However, the effect of such a mutation 
on the ankle fluid content, ankle joint and adjacent 
arthritis progression remains to be further studied. 
Urea was used to correct the dilution times and 
calculate the synovial fluid content (about 0.7-6.1 
mL, 2.64 mL on average), which is consistent with 
the clinical practice of our center. The maximum 
volume of human ankle joint is about 20.9 mL and 
the injection of 15-20 mL liquid before arthroscopy 
helps to fully expand the articular cavity33. Howe-
ver, considering the errors caused by many-time di-
lution, this study selected the perfusion volume of 
3 mL, and the synovial fluid was fully mixed. It is 
still needed to further investigate the optimal ankle 
irrigation amount and develop specific operation 
standards. Kraus et al17 thought that the correction 
of dilution times via urea as internal reference is 
not only applicable to healthy and chronic arthritis, 
but also a reliable method in the acute injury of joint 
through correction of dilution caused by exudation 
via urea in synovial fluid. Schmal et al24 analyzed 
the synovial fluid after ankle fractures and said 
that hematocele occurred in the ankle joint after 
fractures, and about 1.0-3.5 mL bloody fluid could 
be obtained via direct puncture. However, in view 
of the mixture of blood into synovial fluid due to 
surrounding blood vessel rupture, the accuracy of 
urea in relevant factor correction after ankle trau-
ma remains to be further explored. In addition, al-
though the in-vitro test denied that the urea dilution 
in cartilage had interference in urea in synovial flu-
id during irrigation urea, the possibility of mixture 

Figure 4. Correlation between pain degree and Takakura 
staging.

Figure 5. One patient with sore and swollen feet admit-
ted to our central clinic; MRI showed ankle joint cavity and 
flexor halluces longus tendon sheath are connected with hy-
drops in flexor hallucis longus tendon sheath.
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of urea in surrounding tissues into irrigation flu-
id, resulting in underestimated dilution times, still 
cannot be eliminated12. In addition, this study did 
not yield positive results in the correlation analysis 
of the ankle fluid content and pain degree, which is 
consistent with an early imaging study on the ank-
le fluid distribution30. However, the knee fluid con-
tent is positively correlated with its clinical symp-
toms12,34. This difference may suggest that there are 
different mechanisms in the course of ankle and 
knee joints. Further studies on related factor levels 
in both synovial fluids will help us to understand 
the development and progression of arthritis.

Conclusions

We observed the dynamic stability of urea in the 
ankle fluid, and that it is not affected by the pro-
gression of arthritis, age and other factors, which 
is the standard internal reference of correcting an-
kle irrigating fluid dilution times. The occurrence 
mechanism of ankle osteoarthritis may be different 
from that of other osteoarthritis, and IL-6 and IGF-
1 are associated with the progression of disease. 
Increased HELIX-II is an independent factor of 
predicting cartilage injury.
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