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We studied the intrinsic healing capacity of human 
semitendinosus tendon specimens, comparing 
them to human anterior cruciate ligament speci- 
mens collected at the time of ligament reconstruc- 
tions, and using an organ culture model. On the day 
after cultivation, migration of cells and synthesis of 
collagen fibers were observed in the ligament 
group with presenred synovium (PS), the ligament 
group with resected synovium (RS), and the semi- 
tendinosus tendon group (ST). Migrating cells and 
newly-formed collagen fibers were most prominent 

in the PS group, followed by the RS, and ST 
groups. When the area occupied by the migrating 
cells and newly-formed collagen fibers in the pre- 
pared hole was measured, no differences were 
observed between the groups at week 2. However, 
differences were noted between the ST and PS or 
RS groups at weeks 4 and 6. Our findings indicate 
that the human anterior cruciate ligament pos- 
sesses a high intrinsic healing capacity. It is also 
suggested that the synovium plays an important 
role in enhancing ligament healing capacity. 
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Anterior cruciate ligament injuries are unlikely to 
heal either with closed treatment or primary repair 
(Arnoczky et al. 1979, McDaniel and Dameron 
1980, Fruensgaard et al. 1992). Best results are 
achieved with reconstructive surgery (Shino et al. 
1984, Ochi et al. 1993a. b). The poor results of 
closed treatment may be due to virtual absence of 
intrinsic healing potential of the ligament itself or 
due to inappropriate ligament protection against 
excessive external forces during convalescence. In 
vivo, these 2 possible causes cannot be investigated 
separately, since they are intricately related. We 
examined the intrinsic healing capacity of the human 
anterior cruciate ligament in an organ culture system 
and assessed the effects of the synovium on the heal- 
ing process. 

Material and methods 

Anferior cruciate ligament remnants were collected 
from 35 patients who underwent ligament recon- 
struction between 1992 and 1993. There were 16 
men and 19 women, mean age 25 (15-38) years. Our 
control samples were semitendinosus tendon seg- 
ments used as ligament substitutes. The interval 
between injury and specimen collection was 4-7 
months. Ligament and tendon specimens were 

placed in a culture unit under aseptic conditions 
immediately after surgery. 

Culture specimens were divided into 3 groups: I )  
the ligament group in which the synovium was care- 
fully resected (RS), 2) the ligament group in which 
the synovium was preserved (PS), and 3) the semi- 
tendinosus tendon group (ST). A small piece of each 
specimen, measuring 10 x 10 x 3 mm, was used, and 
a 3 mm-diameter hole was prepared therein with a 
dispopunch (Steefel-Laboratorium Co., Ofenbuch, 
Germany) (Becker et al. 1981). The tissue specimen 
was cultured in Eagie's minimum essential medium 
(MEM) (Nihon Pharmaceutical Co., Ltd., Tokyo, 
Japan) containing 10% fetal calf serum (FCS) 
(Nihon Pharmaceutical Co., Ltd., Japan). Incubation 
was performed at 37 "C with 5% C o t  at 100% 
humidity. The medium was changed every 3 days 
(Frank et al. 1980). 

Evaluation was based on time-course morpho- 
logic changes in phase-contrast microscopic obser- 
vations until week 2 of cultivation, and light-micro- 
scopic observations of cells and collagen fibers 
growing in the hole. Specimens for light microscopy 
were fixed in 10% formalin solution, embedded in 
paraffin, and stained with hematoxylin and eosin ( 5  
specimens per group were used at week 0 of cultiva- 
tion, 10 specimens per group were used at weeks 2, 
4, and 6). The area in the hole occupied by migrating 
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Figure 1. Phase-contrast micrographs (x40) at week 1 of 
cultivation. Cell migration and collagen fiber hyperplasia 
are seen. 

Fwre 2. At week 2 cell p m l i i o n  and o o l ~  fiber hyperph- 
sia are mom prominent Parh;cuMy in the PS group, multihy- 
eredcell p r o l i  iscMlspiaKwSarwndthe hda. 

ST group. ST group. 

cells and proliferating collagen fibers was measured 
using the Cosmo Zone I.S.A. (Nikon Co., Tokyo, 
Japan). 

Results 
Phase-contrast micmscop,, 
On the day following the start of the culture, cell 
migration in the hole was observed in the PS, RS and 
ST groups. At week 1 of culture, the degree of cell 
migration and new collagen fiber formation were 
nearly equal in the 3 groups (Figure 1). 

At week 2 of cultivation, multi-layered cell pro- 
liferation was prominent around the hole in the PS 

Statistics 
The areas at weeks 2,4,  and 6 were compared using 
the one-way arrangement variance analysis 
(ANOVA) and Tukey’s multiple comparison test. 
Significance was determined at P c 0.05. 

group. In the RS and ST groups, cell migration was 
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Figure 3. Light micrographs (HE staining, xl00) at week 2 of 
cultivation. 

Figure 4. Light micrographs (HE staining, xl 00) at week 6 of 
cultivation. Newly-formed collagen fibers and migrating 
cells are seen. 

RS group. 

ST group. 

observed over time, although it was not so promi- 
nent as in the PS group (Figure 2). 

Light microscopy 
At week 2 of the culture, migration of cells that were 
flat or oval in shape, and consisted of a slightly red- 
stained cytoplasm with an eosinophilic nucleus, was 
found in the RS and ST groups. Synthesis of juvenile 
collagen fibers was also noted. In the PS group, in 
contrast with the other 2 groups, fibroblast migration 
was conspicuous around the hole at week 2 (Figure 
3). After 6 weeks of cultivation, proliferation of 

RS group. 

fibroblasts was observed in all 3 groups. Whereas 
only partial and random synthesis of collagen fibers 
was seen in the RS group, the synthesis of collagen 
fibers in the PS group was marked along the circum- 
ference of the hole, as if the hole was confluent with 
fibers, which indicates a high healing capacity (Fig- 
ure 4). 

Comparisons of newly-formed collagen fibers 
and migrating cells 
The rate of hole occupation by newly-formed colla- 
gen fibers and migrating cells in the PS, RS and ST 
groups increased with time. At week 2 of the culture, 
no differences were noted in the occupation rate 
between the groups. At week 4 of the culture, differ- 
ences were noted between the PS and ST groups, as 
well as between the RS and ST groups (P < 0.05). 
Differences were also evident at week 6 of cultiva- 
tion between the PS and ST groups, and between the 
RS and ST groups (P c 0.01). Between groups PS 
and RS, no differences were observed at weeks 4 or 
6 (Figure 5). 
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ments synthesize more protein than collateral liga- 
ments, suggesting that the former may have greater 
healing potential than the latter. In our study, we 
found that the intrinsic healing potential of the 
injured anterior cruciate ligament was as great as 
that of the normal tendon. In the joint after ligament 
injury or reconstructive surgery, it is known that the 
synovium covers the injured ligament and promote 
healing by supplying minor circulation (Muller 
1983). In the culture system, the cruciate ligament 
with preserved synovium exhibited a more marked 
and more orderly proliferation (as if reconstituting 
the defect) of fibroblasts, as well as a greater synthe- 
sis of collagen fibers than did the ligament with 
resected synovium. Synovium promotes healing of 
the ligaments by a number of mechanisms. 

Our findings indicate that the poor Out- 
come of closed treatment for anterior cruciate liga- 
ment injuries is not attributable to a low intrinsic 
healing potential of the ligament, but to other fac- 
tors. 
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Figure 5. Changes in rate of hole occupation (“A) by migrating 
cells and newly-formed collagen fibers. 
Bars indicate 1 SD. 
0 PS group, o RS group, and X ST group, 

P c  0.05, ** P < 0.01. 

Discussion 

This is the first study to examine the intrinsic heal- 
ing capacity of the human anterior cruciate ligament. 
In a rabbit model, Marshall et al. (1978) completely 
severed the ligament at its center, and repaired it pri- 
marily. They found no ligament repair 6 weeks after 
surgery. 

O’Donoghue et al. (1966) also found no well- 
healed ligaments after primary repair in dogs. Par- 
tially injured ligaments, in which the antetomedial 
band had been transected, have also been shown to 
heal poorly after primary repair (Amiel et al. 1990). 
However, it is possible that the intrinsic healing 
capacity of the anterior cruciate ligament is difficult 
to assess in vivo, since several factors, including 
joint immobilization, are involved. For this reason, 
we used a culture model to determine the healing 
capacity of the ligament. 

Intrinsic healing of tendons was investigated in 
rabbits by Frank et al. (1980) and Lundborg et al. 
(1985) using the culture systems. In our study, 
intrinsic healing potential was demonstrated in the 
human semitendinosus tendon. 

In an in vivo model using rabbits, Amiel et al. 
(1984) compared knee ligaments (collateral and CN- 

ciate) with tendons (patellar and achilles) and found 
that ligaments had higher metabolic activity and syn- 
thesized a greater amount of type 111 collagen. Ross 
et al. (1990) have reported that rabbit cruciate liga- 
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