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Iohexol tracing of hyaluronic acid distribution in the knee joint cavity of rabbits
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Abstract: Objective To investigate the distribution of hyaluronic acid (HA) with iohexol tracing in the knee joint cavity of
rabbits using CT plain scan, three-dimensional reconstruction and X-ray and observe how different injection sites affect HA
distribution. Methods Mixtures of HA and iohexol (tracer) were prepared that contained final iohexol concentrations of 2.5%,
5%, 10%, 20%, or 40% . The HA-iohexol mixtures (0.5 ml) were injected into rabbit knee joints, and the optimal iohexol
concentration that allowed clear differentiation of the injected agents from the surrounding tissues was determined using
dual-source CT plain scan and three-dimensional reconstruction technique. The HA-iohexol mixture (0.5 ml) containing the
optimal concentration of iohexol was then injected into the knees of the rabbits either through the patella medial approach or
the medial joint line approach, and HA distribution in the knee joint cavity was observed using CT scan and X-ray. Results The
CT value of HA-iohexol mixture increased progressively with the tracer concentration. After injection of the mixture
containing 2.5%, 5%, 10%, 20%, and 40% iohexol, the CT value ratios of the soft tissue, HA-iohexol mixture and bone cortex
were 2:7:46, 2:14:44, 2:28: 44, 2: 60: 46, and 2: 98: 45, respectively, and a iohexol concentration of 5% was determined as
optimal for differntiating the injected agents from the surrounding tissues. The HA-iohexol mixutre containing 5% iohexol
injected through the medial-patellar approach was distributed mainly over the patello-femoral joint, and that injected through
the joint line approach was found mainly over the tibio-femoral joint. Conclusion HA-iohexol mixture containing 5% iohexol
allows clear differentiation of bone cortex and soft tissues in rabit knee joint from the injected agents on CT scan and X-ray, and
the injection approach can influence HA distribution in the knee joint cavity.
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Fig.1 Well mixed HA and iohexol mixtures.
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Fig.2 Dual-source CT scanning.
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Fig.3 Uniformity test of HA-iohexol mixtures containing different concentrations of iohexol.
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Tab.1 CT values of soft tissues, bone cortex and HA-iohexol mixtures containing different concentrations of
iohexol in the knee joint cavity (Mean+SD)

0% 2.5% 5% 10% 20% 40%
Soft tissue 61.8+5.4 61.948.3 62.5£7.0 64.1£3.1 63.0+4.1 63.5+4.8
HA-I 1.1+2.8 219.149.2 439.2+3.8 931.442.2 1946.7+10.9 3115.9+15.1
Bone cortex 1380.6+8.6 1425.54£9.6 1395.345.9 1412.9+12.7 1488.5+10.6 1437.5+8.6
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Fig4 CT plain scan and 3D reconstruction of rabbit knee joint
after injection of HA-iohexol mixtures containing different
concentrations of iohexol.
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Fig.5 Dynamic observation of HA administered through the patella medial approach by X-ray. A: Static; B: Knee movement.
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Fig.6 Dynamic observation of HA administered through the medial joint line approach by X-ray. A: Static; B: Knee movement.
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Fig.7 CT plain scan and 3D reconstruction of rabbit knee joint
showing the distribution of HA administered through the patella
medial approach and medial joint line approach.

[4] Takaishi R, Aoyama T, Zhang X, et al. Three-dimensional
reconstruction of rat knee joint using episcopic fluorescence image
capture[J]. Osteoarthritis Cartilage, 2014, 22(10): 1401-9.

[5] Biedert R, Sigg A, Gal I, et al. 3D representation of the surface
topography of normal and dysplastic trochlea using MRI[J]. Knee,
2011, 18(5): 340-6.

[6] Ray TR. Using viscosupplementation to treat knee osteoarthritis[J].
Phys Sportsmed, 2013, 41(4): 16-24.

[7] Ishijima M, Nakamura T, Shimizu K, et al. Intra-articular hyaluronic
acid injection versus oral non-steroidal anti-inflammatory drug for
the treatment of knee osteoarthritis: a multi-center, randomized,
open-label, non-inferiority trial[J]. Arthritis Res Ther, 2014, 16(1):
R18.

[8] Leighton R, Akermark C, Therrien R, et al. NASHA hyaluronic acid
vs. methylprednisolone for knee osteoarthritis: a prospective,
multi-centre, randomized, non-inferiority trial [J]. Osteoarthritis

Cartilage, 2014, 22(1): 17-25.

[9] Huang TL, Chang CC, Lee CH, et al. Intra-articular injections of
Sodium hyaluronate (Hyalgan®) in osteoarthritis of the knee. a
randomized, controlled, double-blind, multicenter trial in the Asian
population[J]. BMC Musculoskelet Disord, 2011, 12: 221.

[10]Rutjes AW, Jini P, Da Costa BR, et al. Viscosupplementation for
osteoarthritis of the knee: a systematic review and meta-analysis[J].
Ann Intern Med, 2012, 157(3): 180-91.

[11] Kul-Panza E, Berker N. Is hyaluronate Sodium effective in the
management of knee osteoarthritis? A placebo-controlled double-
blind study[J]. Minerva Med, 2010, 101(2): 63-72.

[12]Alshami AM. Knee osteoarthritis related pain: a narrative review of
diagnosis and treatment[J]. Int J Health Sci (Qassim), 2014, 8(1):
85-104.

[13] Toda Y, Tsukimura N. A comparison of intra-articular hyaluronan
injection accuracy rates between three approaches based on
radiographic severity of knee osteoarthritis [J]. Osteoarthritis
Cartilage, 2008, 16(9): 980-5.

[14] Park KD, Ahn JK, Lee SC, et al. Comparison of ultrasound-guided
intra-articular injections by long axis in plane approach on three
different sites of the knee[J]. Am J Phys Med Rehabil, 2013, 92
(11): 990-8.

[15] Dauffenbach J, Pingree MJ, Wisniewski SJ, et al. Distribution
pattern of sonographically guided iliopsoas injections: cadaveric
investigation using coned beam computed tomography [J]. J
Ultrasound Med, 2014, 33(3): 405-14.

[16]Vandeweerd JM, Kirschvink N, Muylkens B, et al. A study of the
anatomy and injection techniques of the ovine stifle by positive
contrast arthrography, computed tomography arthrography and
gross anatomical dissection[J]. Vet J, 2012, 193(2): 426-32.

[17]Park H, Choi B, Hu J, et al. Injectable chitosan hyaluronic acid
hydrogels for cartilage tissue engineering[J]. Acta Biomater, 2013, 9
(1): 4779-86.

[18]Fenn S, Datir A, Saifuddin A. Synovial recesses of the knee: Mr
imaging review of anatomical and pathological features[J]. Skeletal
Radiol, 2009, 38(4): 317-28.

(i - BT )



