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Fig. 1.  Photograph of the original external fixator developed
by Kobayashi. Two 1.2mm Kirshner wires were inserted into
the patella and three wires into the tibia, and the original
external fixator was attached to these wires. This external
fixator was composed of four rings, two rods like Ilizarov's
external fixator, and two air cylinders. These cylinders
connected the patella to the tibial part, and the cyclic tensile
loading to the patellar tendon. The pressure in the air
cylinders was controlled by the air compressor and
electromagnetic valve.
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Fig.2. Photomicrograph of tendon near the patella insertion in
Group A. (A) Immediately after reloading. The alignment of
collagen fibers was irregular and hemorrhage between
collagen fascicles was observed. (B) Two weeks after re-
loading. The alignment of collagen fibers was still irregular
and not closely packed. (C) Six weeks after re-loading. The
newly formed collagen fibers were longitudinally aligned but
not normal tendinous structure. Scale bars indicate 100 . m.
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Fig.3. Photomicrograph of tendon near the patella insertion in
Group B. (A) Immediately after reloading. The alignment of
collagen fibers was regular and hemorrhage between collagen
fibers was observed. (B) Two weeks after re-Joading. The
newly formed fibrous tissues and inflammatory cells were
observed. (C) Six weeks after re-loading. The normal
tendinous structures were repaired. Scale bars indicate
100 m.
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Fig.4. Photomicrograph of tendon near the patella insertion two weeks after re-loading in Group C (A) and Group D (B). The
inflammatory cells were observed. Scale bars indicate 100, m.

Fig.5. Photomicrograph of particular findings of tendon near the patella insertion six weeks after re-loading in Group A. (A) The hyaline
degeneration of tendon. (B) The lipoid degeneration of tendon in the substance. (C) The calcification of the tendon in the attachment
site of the patella. (D) The rupture of collagen fibers in the deep layer of the tendon substance. Scale bars indicate 200,..m in (A) and
100.min (B, C, D).
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Fig. 6. Electron micrograph of the patellar tendon near the
patellar insertion immediately after re-loading in Group A. (A)
Immediately after re-loading. (B) Two weeks after re-loading.
(C) Six weeks after re-loading, Scale bars indicate 200nm.
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Fig.7. Histogram of the collagen fibril diameter patellar
tendon near the patellar insertion immediately after re-loading
in Group A. (A) Immediately after re-loading. The
dissociation of collagen fibrils. The number of the large-
diameter fibrils decreased. (B) Two weeks after re-loading.
The large-diameter fibrils were separated and the small-
diameter fibrils were aggregated. (C) Six weeks after re-
loading. The large-diameter fibrils disappeared and the most
fibrils were small-diameter fibrils.
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Fig. 8. Electron micrograph of the patellar tendon near the
patellar insertion immediately after re-loading in Group B. (A)
Immediately after re-loading; (B) Two weeks after re-loading;
(C) Six weeks after re-loading. Scale bars indicate 200nm.
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Fig.9. Histogram of the patellar tendon near the patellar
insertion immediately after re-loading in Group B. (A)
Immediately after re-loading. There was no significant
difference of collagen fibril density compared with that of 6W
after one round of loading. (B) Two weeks after re-loading.
There was significant difference of collagen fibril density
compared with that of 6W after one round of loading. But
there was no significant difference of collagen fibril density
compared with that of immediately after re-loading of 12kgf
which is loaded six weeks after the first round loading. (C) Six
weeks after re-loading. There was no significant difference of
collagen fibril density compared with that of six weeks after
one round of loading. Scale bars indicate 200nm.
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Fig. 10. Electron micrograph of the patellar tendon near the
patellar insertion immediately after re-loading in Group C. (A)
Immediately after re-loading. (B) Two weeks after re-loading.
(C) Six weeks after re-loading. Scale bars indicate 200nm.
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Fig. 11. Histogram of the fibril diameter patellar tendon near
the patellar insertion immediately after re-loading in Group C.
(A) Immediately after re-loading. There was no significant
difference of collagen fibril density compared with that of 2W
after one round of loading. (B) Two weeks after re-loading.
The large-diameter fibrils were separated and the small-
diameter fibrils were aggregated. The number of the large-
diameter fibrils decreased and of the small-diameter increased.
(C) Six weeks after re-loading. There was no significant
difference of collagen fibril density compared with that of six
weeks after one round of loading. There were not large-
diameter fibrils. Scale bars indicate 200nm.
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Fig. 12. Electron micrograph of the patellar tendon near the
patellar insertion immediately after re-loading in Group D. (A)
Immediately after re-loading. (B) Two weeks after re-loading.

(C) Six weeks after re-loading. Scale bars indicate 200nm.
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Fig. 13. Histogram of the fibril diameter patellar tendon near
the patellar insertion immediately after re-loading in Group D.
(A) Immediately after re-loading. The finding was similar to
that of six weeks after the first round loading. There was no
significant difference of collagen fibril density compared with
that of 6W after one round of loading. (B) Two weeks after re-
loading. The findings were similar to that of six weeks after
the first round loading. There was no significant difference of
collagen fibril density compared with that of six weeks after
one round of loading. (C) Six weeks after re-loading. The
density of fibrils was no change. There was no significant
difference of collagen fibril density compared with that of six
weeks after one round of loading. Scale bars indicate 200nm.
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Fig. 14. Histogram of collagen fibril density of the tendon
damaged by cyclic loading in the five groups. Group A,
Group B. Group C. Group D. [JSingle loading
group. IS, immediately after last loading; 2W, 2 weeks after
last loading; 6W, 6 weeks after last loading. Each valueisX +
SD. *p<0.05, (t-test).
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Effects of Re-loading during Repair of Tendon Injury caused by Cyclic Tensile Forces Hiroshi Yamada,

Department of Orthopaedic Surgery, School of Medical Science, Kanazawa University, Kanazawa 920-8640 — J. Juzen Med
Soc., 112, 71 — 83 (2003)
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Abstract

Although there are many patients suffering enthesopathy with sports injury, no definitely valid treatment for injury of the
tendon attachment point has been established. Patients with this kind of injury are usually advised to remain still, but there is
no consensus about the duration of time that patients should remain still. Using an enthesopathy model induced by cyclic
tensile forces, we clarified the effect of re-loading. The patellar tendon of Japanese white rabbits that weighed about 3.5 kg
was loaded by the device with a 12 kgf load at a frequency of 60 times per minute for 4 hours. This was the means of creating
a rabbit model with a damaged patellar tendon attachment point. The present study was undertaken to examine, using this
model, what timing and strength of re-loading with this device might promote or delay the healing of tendon injuries induced
by the this same device. Bearing previous results in mind, the present study was designed to re-load the damaged tendon at
these two points in time (2 weeks and 6 weeks after the first round of loading). Two load levels were adopted for re-loading,
again on the basis of the previous results: 12 kgf (60 times per min for 4 hrs), a load level capable of causing injury of the
tendinous parenchyma; and 6 kgf (60 times per min for 4 hrs), a load level which dose not injure the tendinous parenchyma.
The course of repair of the damaged tendon was examined under both light and electron microscopes, first immediately, then 2
weeks and 6 weeks after the re-loading. Although it is thought that some load is necessary for repair of the damaged tendon,
excessive loads can hamper repair. In the present study, loading with a 12 kgf for 4 hrs (a load level which can itself cause
tendon injuries) in the early stages of healing delayed subsequent healing and caused apparently irreversible changes
(degeneration, calcification, etc.) inside the tendon. However, when the same load was applied in late stages of healing, the
subsequent course of healing did not differ from that for the group that only experienced one round of loading. These results
indicate that excessive loads in the early stages of healing can delay the repair of damaged tendon and make the tendon
damage intractable. When the damaged tendons were loaded with a 6 kgf load for 4 hrs (a load level which does not induce
tendinous parenchyma injury), the healing of the damaged tendon was not delayed in any of the groups which were subjected
to a second round of loading in early stages of healing or in the group in which it was applied in late stages of healing. These
results suggest that appropriate loads do not hinder the healing of damaged tendon, even if they are applied in the early stage
of healing.



