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— Abstract —

A Comparison of Biomechanical Characteristics and Morphologies
between Operative and Nonoperative Treatments of Tenotomized Rabbit
Achilles Tendon over Lapse of Time

Sung-Soo Kim, M.D. and Nam-Hyun Kim, M.D.*

Department of Orthopaedic Surgery, College of Medicine,
Dong-A University and Yonsei University*

The treatment of Achilles tendon rupture is controversial between surgical repair and consetvative
cast treatment.

This study was attempted to compare the biomechanical and morphological results between opera-
tive and nonoperative treatments of experimentally tenotomized rabbit Achilles tendon with the lapse
of time.

A total of 72 adult rabbits were used. After tenotomizing the Achilles tendons, the subjects were
divided into 3 groups according to the time of the initiation of the treatment and each group was sub-
divided into 2 further subgroups according to the method of treatment; immediate operation and non-
operation, 1 week delayed operation and nonoperation, and 2 weeks delayed operation and nonopera-
tion subgroups.

Ten animals from each subgroup were sacrificed after four weeks of cast immobilization and the
Achilles tendons were prepared for the gross, biomechanical and histological examinations. At the
same time, two animals from each subgroup were examined by Microfil perfusion for microvascular
changes in the healed tendons.
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On biomechanical examination, maximal loads were decreased with the lapse of time in each treat-
ment method, and there were statistical significances between the immediate and 2 weeks delayed
operation subgroups, 1 week and 2 weeks delayed operation subgroups, and immediate and 2 weeks
delayed nonoperation subgroups. A maximal loads were higher in the operative treatment of each
group but there was no statistical significances between operative and nonoperative treatment of each
group. The results of absorption energy and stiffness were similar to those of maximal load.

In conclusion, these results suggest that a rupture of the Achilles tendon should be treated as early
as possible preferably within 1 week, in order to achieve a high tensile strength irrespective of the
treatment method. In terms of rerupture, nonoperative treatment is comparable with surgical treat-
ment if a rupture of Achilles tendon is managed within 2 weeks of injury.

Key Words: Achilles tendon rupture, Time lapse, Operative and nonoperative treatment.
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Fig. 1. Gross finding of the Achilles tendon which was
operated immediately after the tenotomy and
then casted for 4 weeks. The healing tissue
marked by the arrows is short and similar to nor
mal tissue in the width.

Fig. 2. Gross finding of the Achilles tendon which was
treated with cast immediately after the tenotomy
for 4 weeks. The healing tissue marked by the
arrows is longer and thinner than that of the
operation.
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c}, Z4A

Table 4914 vehd ule}l 3ho] zt A 3o 27 3te]
EAA ole AT (P0.05). BE 2PN B
oo vE] HEFTH FeovRle] AR
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Table 1. Lengths of the healed tissue of Achilles tendons accoring to the time of the initiation of treatment and the

method of treatment.

Group\subgroup Operation subgroup*(A) Nonoperation subgroup*(B)
Immediate Tx Group(1) 32411 1.,% 49+1.6%
1 week delayed Tx Group(2) 50£0.9 t, - 10.2+4.2-
2 weeks delayed Tx Group(3) 75+2.1 t 13.9+44

* : Mean and standard deviation.
Values given as the millimeter.

¥ : Significantly different than the nonoperation subgroup of the same group(p<0.01).
¥ : Significantly different than the 1 week delayed group and 2 weeks delayed group of the same subgroup (p

<0.05).

- : Significantly different than the 2 weeks delayed group of the same subgroup(p < 0.05).
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Table 2, Maxinal loads of the Achilles tendons according to the time of the initiation of treatment and the method of

treatment.

Group\subgroup Normal control* Operation subgroup*(A) Nonoperation subgroup*(B)
Immediate Tx Group(1) 154.80+ 24, 68 125.28+24.46+ 105.53+£11.80+
1 week delayed Tx Group(2) 160.93+19, 31 112.28+14.73+ 98.30+20.18
2 weeks delayed Tx Group(3) 146.79+26.12 86.15+17.19 83.021+16.88

* : Mean and standard deviation.
Values given as the Newton.

+ : Significantly different than the 2 weeks delayed group of the same subgroup(p <0.01).

Table 3. Absorption energies of the Achilles tendons according to the time of the initiation of treatment and the

method of treatment.
Group\subgroup Normal control* Operation subgroup*(A) Nonoperation subgroup*(B)
Immediate Tx Group(1) 0.46+0. 06 0.37+0.08+ 0.31£0.08
1 week delayed Tx Group(2) 046+0.07 0.35+0.10 0.301+0.10
2 weeks delayed Tx Group(3) 045+0.08 0.2710.09 0.24+0.06

* : Mean and standard deviation.
Values given as the Joule.

+ : Significantly different than the 2 weeks delayed group of the same subgroup(p < 0.05).

Table 4. Stiffnesses of the Achilles tendons according to the time of the initiation of treatment and the method of

treament.
Group\subgroup Normal control* Operation subgroup*(A) Nonoperation subgroup*(B)
Immediate Tx Group(1) 31.58+6.55 22.47+5.01 19.30+3.25
1 week delayed Tx Group(2) 3249+5.79 20. 35+4.16 16.43+2.75
2 weeks delayed Tx Group(3) 32.56+6.99 18.35+£3.22 17.51+£2.88

* : Mean and standard deviation.
Values given as the Newton/millimeter
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Fig. 3. Hematoxylin-eosin stainings ( X 100) of the nor-
mal tendon(A) and the healed tendon of the
immediately non-operation subgroup(B).

(A) Fibroblasts are distributed evenly and the
orientation of collagen fibers is wavy and unidi-
rectional.

(B) There are increased numbers of fibroblast
and capillaries.

Fig. 4. Hematoxylin-eosin stainings (X 100) of the
healed tendons of the 1 week delayed operation
subgroup(A) and the 2 weeks delayed operation
subgroup(B).

(A) There are increased numbers of fibroblast
and relative immature collagen formation.

(B) There are prominent fibroblasts and inflam-
matory cells, and decreased collagen formation.
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Fig. 5. Microvessels of the normal tendon by Microfil
perfusion(A: Transillumination X 40, B: Epi-
illumination X 40).

Regular tapering and straight direction of
microvessels are noted.
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R

Fig. 6. Microvessels of the healed tendon of the 2 weeks
delayed operation subgroup by Microfil perfu-
sion(A: Transillumination X 40, B: Epi-illumina-
tion X 40).

Irregular, tortuous microvessels with many con-
nections make a net-like appearance.
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