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Failure of abovine xenograft for reconstruction
of the anterior cruciate ligament

Lars Good', Magnus Odensten’, Lars Pettersson? and Jan Gillquist'

Fourteen patients with gross anterior instability had the anterior cruciate ligament re-
constructed with a bovine xenograft. Major problems with swelling, pain, and syno-
vitis were encountered in 13 patients, of whom 3 developed a synovial fistula. Histo-
logic evidence for allergic reactions was found in 3 patients. Revisional surgery had
to be performed in 10 patients because of substantial problems or rupture of the graft.
At 3 years, there was only one possibly functioning graft. The 3 nonrevised patients
were unstable at clinical examination. This type of reconstruction cannot be recom-

mended for clinical use.

In 1982, clinical trials began in the United States with
the objective to examine the potential of a bovine
xenograft as a substitute for the anterior cruciate liga-
ment. In Holland a short-term follow-up of 17 months
seemed promising (Abbink and Kramer 1982). Berg et
al. (1983) have shown glutaraldehyde-fixed bovine
xenografts to possess greater tensile strength and lar-
ger modulus of elasticity than human ligaments of
comparable size. The biocompatibility of the glutaral-
dehyde-fixed bovine material has been evaluated in
rabbits and chickens by McMaster et al. (1976). No
host cellular rejection was found.

Encouraged by these reports, we designed a pros-
pective study on replacement of the cruciate ligament
in patients who had previously been subjected to un-
successful reconstructions (Cases 1-9). In our presen-
tation, we have added retrospective experience from
Gothenburg (Cases 10-14).

Patients and methods

From May 1982 to May 1984, 14 patients (9 men and 5
women, mean age 28 [16-55] years) underwent a liga-
ment reconstruction with a bovine xenograft (Xeno-
tech Lab. Inc., Irvine, CA). The mean time elapsed
from the first injury to the xenograft reconstruction
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was 3 (1-8) years. One patient (Case 1) had either a
very early injury that could not be dated or acongenital
deficiency of the anterior cruciate ligament (Table 1).
The other patients were injured during sports or traffic
accidents.

Thirteen patients had undergone a total of 20 opera-
tions for ligament deficiency before the xenograft op-
eration. Five of these were acute repairs, 9 were patel-
lar tendon reconstructions, 2 were Ellison procedures,
3 were pes anserinus transfers, and | was a carbon-fi-
ber reconstruction.

Ten patients had a total of 13 meniscal lesions. Of
themedial tears, five meniscihad been removed earlier
and three were sutured during the reconstruction. Of
the lateral tears, three menisci were previously partial-
ly removed, one was sutured, and one was left without
specific treatment.

The medial collateral ligament had previously been
reconstructed in 5 patients, and 6 patients had abduc-
tion instability that required surgical reefing during the
reconstruction. Three patients had had acute repair of
the lateral collateral ligament, and 4 patients had ad-
duction instability thatrequired surgical reefing during
the reconstruction. Two patients had had acute repair
of the posterior cruciate ligaments; 1 of them had a re-
construction along with the xenograft for the anterior
ligament.

A clinical examination under general anesthesia and
preoperative arthroscopy were performed on all the
patients. Further, the thigh-muscle torque was meas-
ured isokinetically at 30° per second with a Cybex 11
dynamometer (Lumex MC, Bayshore, NY) and re-
corded as a percentage of the maximal torque produced
by the uninjured leg. A knee function score (Lysholm
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Table 1. Reconstruction of the anterior cruciate ligament with a bovine xenograft in 14 patients

A B o] o} E F G H | K L M N
1 F 21 ? 36 2 2 45 37 a r X c
2 F 21 a3 24 1 4 58 99 ab i

3 M 22 16 30 2 4 - 85 b i

4 M 28 52 7 2 5 54 73 ab i

5 F 16 8 27 5 2 85 90 c | X a
8 F 19 48 22 3 1 - 55 ab r % a
7 M 24 31 10 0 4] 57 42 ab r x c
8 M 27 96 23 5 0 44 - a r 3 b
9 M 28 28 22 2 1 41 23 ac r X a
10 M 37 22 20 39 1 ab r X
11 M 55 33 10 18 11 ac r X

12 F 41 53 34 36 26 ab r X

13 M 27 60 18 38 24 a 4 X

14 M 27 66 12 36 &3 -

A Case. I Lysholm score postop.

B Sex. K Complications; a pain, b swelling, ¢ synovial fistula.

C Ageyears. L. Graft integrity; 1 rupture, | loose graft, i instability, ~ un-
D Time injury to op, months. known.

E Follow-up, months. M Revised. .

F Tegner activity level preop. N Histology; a allergic foreign body reaction, b foreign body
G Tegner aclivity level posiop. reaction, ¢ chronic inflammation.

H Lysholm score preop.

and Gillquist 1982) was obtained on each patient. Ac-
tivity level rating (Tegner and Lysholm 1985) was ob-
tained in Cases 1-9. The Lysholm score maximum is
100 points: > 84 is good/excellent and < 84 is fair/poor.
The activity level is graded from 0-10, where 10 corre-
sponds to playing socceron an international level and 0
corresponds to disability pension due to a knee injury.

The patients were examined before surgery and on
several occasions during the follow-up period. Preop-
eratively, all the patients had significant instability,
with a positive pivot shift and Lachman sign. The mean
thigh-muscle torque was 81 (69-91) percent. The
mean Lysholm score was 45 (16-85), and the median
of the activity level (n 1-9) was 2 (0-5). Prior to the
first injury, the median activity level was 6 (2-9).

In 3 patients the follow-up was < 20 months because
of early failure and revision. In one instance the patient
was lost to further follow-up after 2 months. In the oth-
er 10 patients, the follow-up was > 20 months (Table
D.

Control arthroscopy was performed between 7 and
12 months in 8 patients. In 2 patients an additional ar-
throscopy was done after 20 months, and in | patient
after 36 months because of increasing instability and
pain. The meniscal lesions, repaired or left without
treatment, were all healed at follow-up arthroscopy.

A routine light microscopic examination of re-
moved samples from the grafts (hematoxylin van Gie-
son stain) was performed by Dr. B. Risberg at the De-
partment of Pathology in Linkoping.

Surgical technique

Using knowledge from dissections of cadaver knees,
the aim was to establish an isometric positioning of the
graft (Odensten and Gillquist 1985). The drilling of the
bone channels was preceded by a notch plasty, which
ensured an intercondylar notch width of 21 mm. A test
ligament of cotton and four steel sutures was pulled
through the drill channels, clamped to the femur, and
then held tight by hand at the external opening of the 1i-

‘bial channel while the joint was taken through a full

range of motion. If the telescopic movement of the test
ligament exceeded 2 mm, adjustments of the drill
channels were made. Six- or, in a few instances, 8-mm
drills were used 10 ensure close contact between the
prosthesis and the bone. The xenograft was thoroughly
rinsed in several washes of physiologic saline solution
according to the manufacturer’s instructions. After in-
sertion and proper tightening, the graft was fixed with
Richard barbed ligament staples.

Rehabilitation

A plaster cast was applied for 5-6 weeks, followed by a
rehabilitation program supervised by a physiothera-
pist. Extension of the knee joint was limited to —20°for
6 months, and no running or jumping was allowed for
atleast 9 months and until 90 percent of the thigh-mus-
cle strength was regained.
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Resuits

One patient had an infectious joint reaction 4 days after
the reconstruction. Joint-fluid cultures showed mod-
erate growth of Staphylococcus epidermidis. The re-
action disappeared after a few days of treatment with
lavage and antibiotics. One control arthroscopy was
followed by synovitis, but repeated aerobic and anaer-
obic cultures were negative, and the symptoms van-
ished rapidly after joint lavage.

Pain and swelling were major symptoms during re-
habilitation. Eleven patients had experienced pain,
usually at the fixation sites of the femur and the tibia.
Seven patients had synovitis. In 3 patients, it was tran-
sitional and caused no subjective problems. Two pa-
tients had progressive synovitis, which eventually led
to removal of the graft. Three patients developed syno-
vial fistulae; the grafts were removed and the channels
were plugged with bone.

At follow-up arthroscopy, 8 patients had synovitis.
Most, commonly, the reactions started 8-9 months aft-
er surgery, but two reactions began already after 4
months.

Graftfailure

At follow-up arthroscopy of eight knees within 12
months, we found one graft rupture and two partial
ruptures. Three grafts were tight and one showed poor
tension, although discontinuity could not be demon-
strated. One graft could not be visualized owing to se-
vere synovitis and adhesions.

At repeat arthroscopy of three knees, between 12
and 36 months, one of the partially ruptured grafts and
one of those with good tension were completely rup-
tured. The third patient with an early partial rupture
still had a partial rupture at 36 months. This graft was
eventually revised because of increasing instability.
The nonvisible graft was entirely loose in its bony
channels, a fact revealed at a later surgical revision.

At the final follow-up at 36 months, 13 grafts had
failed. Ten knees had revisional surgery. Of the 4 re-
maining patients, 3 had clinical instability at follow-up
not shorter than 24 months, and [ patient was lost to
follow-up after 12 months, leaving only that one graft
with possible function.

Function

At follow-up, the mean thigh-muscle torque was 74
(46-92) percent. The average Lysholm score was 51
(11-99).

No rise in activity level could be seen after rehabili-
tation; the median level was 2 (0-5). Infact, several pa-
tients decreased or did not change activity after the op-
eration.

All the patients had unstable knees, with a positive
pivot-shift and Lachman sign at follow-up, except the
patient with only 12 months” follow-up.

Histology

The histologic analysis of six removed grafts and the
samples previously taken from subcutaneous fixation
sites showed a similar picture. Of specimens from 6 pa-
tients, three showed a severe allergic foreign-body re-
action, characterized by a tuberculoid pattern consist-
ing of many epithelioid cells and a few giant cells. Also
caseation necrosis was present (Figure 1). One speci-
men showed a foreign-body reaction with mostly giant
cells and relatively few epithelioid cells, which could
not be distinguished from a nonallergic type of reac-
tion. In 2 patients the reaction was more of a chronic in-
flammatory type. In another patient, development
from a nonallergic to an allergic type of reaction could
be followed over a 1-year period (Figure 2).

None of the specimens showed evidence of in-
growth of collagenous tissue into the graft.

Discussion

Originally the Linkoping study was planned to include
50 patients, but it was stopped when the extent of the
adverse reactions became evident.

At xenograft implantation in mongrel dogs
(McMaster 1985) and rabbits (Gambardella et al.
1984), there were no adverse histologic reactions, but
tissue ingrowth was reported. However, our results in
humans resemble those of Teitge and Rojas (1984),
who reported 70 percent graft failure and persistent
large effusions of the knee joint in 83 percent of their
cases, and those of van Steensel et al. (1987), who re-
ported 70 percent synovitis or graft ruptures.

Only 3 patients in our study increased their func-
tional score and their activity level, and had a slight im-
praovement of muscle strength, which must be com-
pared with 10 complete failures. The improvement
was gained in spite of clinically unstable knees and
cannot be explained by a successful graft, but instead
by the employment of systematic exercises as de-
scribed by Tegner et al. (1984, 1986).

The problems encountered may be explained by the
following factors alone or in combination: 1) surgical
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Figure 1. A. Case 9. Strong allergic foreign-body reaction with many epithelioid cells and a few giant cells surrounding the darkly

stained xenograft.

B. Case 5. Caseation necrosis, epithelioid and occasional giant cells in specimen from excised tissue surrounding subcutaneous

graftend.

Figure 2. Case 6. A. Subcutaneous tissue showing darkly stained xenograft end excised at 11 months; numerous giant cells are seen
indicating a foreign-body reaction without allergic evidence in the form of small epithelioid cells.

B. Atgraft removal at 22 months, a striking pattern of allergic foreign-body reaction is observed with front lines of epithelioid cells” pal-
isades facing the darkly stained xenograft. Occasional giant cells are also seen.

technique, 1) patient selection, 3) reactions to the graft
or its fixation medium.

In the surgical manual supplied by the manufactur-
er, an “over-the-top” procedure or a “double-tunne}”
technique is recommended. Bulletins from the manu-
facturer (1984, 1985) emphasize the importance of iso-
metric positioning, notch plasty, and tightly fitted
bony channels to avoid pistoning motions, which
could lead to breakage and synovial fistulae. Isometry
is notaccomplished with the *‘over-the-top” technique
(Odensten and Gillquist 1985, Hoogland and Hillen
1984); therefore, we chose the double-tunnel tech-
nique. The operations were also performed with con-
comitant notch plasty and adequately sized bony chan-
nels. The possibility that the xenograft is especially
sensitive 10 mechanical errors cannot be overlooked.

The fact that all but one knee were previously oper-

ated on and that most of the operations were salvage
procedures might predispose to failure, as Franke
(1984)has described a lower success rate in reoperated
on patients. Nevertheless, all 3 of the relatively satis-
fied patients had previous reconstructions, and the one
virgin knee required graft removal because of a severe
allergic reaction already at 8 months. Further, Lukia-
nov et al. (1988) have shown arather high success rate
in similar patients using a dacron prosthesis.

The graft material is probably the major reason for
failure itself; during degradation of the ruptured graft,
small molecules that can act as antigens are being re-
leased. The development of a nonallergic granuloma-
tous reaction into an allergic one is probably the result
of later sensitization, which has previously been de-
scribed in cases with sea-urchin spines and silica (Lev-
er and Schamburg-Lever 1983). Further, the fixation
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medium, glutaraldehyde, is known to have allergenic
properties, causing occupational dermatitis (Hansen
1983, Jordan et al. 1972). Glutaraldehyde-tanned col-
lagen sponge has cytotoxic effects both in vivo and in
vitro; also foreign-body cells are described following
glutaraldehyde sponge implantation in the knee joints
of rabbits (Speeret al. 1980). van Steensel et al. (1987)
showed leakage of glutaraldehyde from the graft even
after rinsing according to the manufacturer’s manual;
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