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Poor results of bovine xenograft for knee 
cruciate ligament repair 

Lars J. Dahlstedt, Pelle Netz and Nils Dalen 

In28 patients theanteriorcruciate ligament oftheknee was substituted withabovine 
bioprosthesis (Xenograft@). Five patients underwent reoperations due to synovitis 
and graft rupture during the first postoperative year; and 2 patients, due to graft rup- 
ture after 3 years. After 3 years, 11/21 patients with a remaining graft had a rupture. 
Totally, 18/28 implanted grafts were considered to be ruptured. Our results indicate 
that the Xenograft@ in its present form should not be used. 

During the last 10 years, there has been a growing in- 
terest in developing aprosthesis to function as a substi- 
tute for the missing anteriorcruciate ligament. Various 
materials, such ascarbon fiber, polyethylene, proplast, 
and bovine tendons, had been subjected to experimen- 
tal and clinical trials at the time of the start of this study 
(Jenkins 1978, Jenkins and McKibbin 1980, Scharling 
1981, Tremblay and Laurin 1980, Abbink 1983). 

A collagen prosthesis (Xenograft? was developed 
by Xenotech Laboratories (Irvine, CA, USA). The 
prosthesis is manufactured from bovine tendons in 
which the collagenous material is stabilized by in- 
creasing the number of intermolecular cross-links by 
treatment with 0.2 percent glutaraldehyde (McMaster 
et al. 1976, 1986, McMaster 1985). 

We  report the results of substituting the missing an- 
terior cruciate ligament with a Xenograft@, model 
CLR. 

Patients and methods 

During the period April 1983 to May 1984,28 patients 
(18 men and 10 women) with a median age of 25 
(2044)years  underwent anteriorcruciate ligament re- 
construction with a Xenograft@. The median duration 
of symptoms before the operation was 3.5 (0.5-9) 
years. 

The cause of the original injury was in all the cases 
rotatory knee trauma, mostly during sports. Five pa- 
tients had an anterior cruciate ligament repair follow- 
ing the primary trauma, and 23 were treated without an 
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operation. As secondary procedures, but prior to the 
Xenograft@index operation, 6 patients had medial and 
4 lateral meniscectomies. Seven patients had extraar- 
ticular stabilizing surgery, and 2 had an anterior cru- 
ciate ligament reconstruction (Table I ) .  

The indication for the Xenograft@ reconstruction 
was instability with multiple giving-way episodes. A 
clearly positive pivot-shift sign (Galway et al. 1972) 
waspresent in20patients, andafurther8patients hada 
clearly positive pivot-shift sign when examined under 
anesthesia. Arthroscopy confirmed the diagnosis in all 
the patients. The mean preoperative scores for the 28 
patients were Lysholm score (max. 100): 59+16, Ly- 
sholm stability score (max. 25): 6 f 4 ,  Lysholm pain 
score (max. 25): 14 +8, and Lachman score (max. 5): 
2.3 k 0.7. 

Operative technique 

In all cases a comprehensive intercondylar notch plas- 
ty was made. Channels, 6-8-mm wide, weredrilled de- 
pending on the thickness of the graft. The tibial tunnel 
was drilled 1 cm medial to the tibial tubercle and was 
directed towards the anatomic insertion of the anterior 
cruciate ligament on the intercondylar eminence. The 
femoral tunnel was drilled via a lateral incision posteri- 
orly and as vertically as possible with the distal inner 
opening at the attachment of the anteriorcruciate liga- 
ment. 

Before implantation the Xenograft@ was rinsed, as 
recommended, in 1.5 L of saline solution and continu- 
ously moved by hand under sterile conditions in three 
consecutive bowls for5 mineach. The rinsed graft was 
pulled through the femoral tunnel via the joint and 
passed through the tibial tunnel. The graft was then an- 
chored proximally with double Richard's staples. A 
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Table 1 Data for 28 patients with anterior cruciate ligament reconstruction using Xenograft@ 
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A: Case number: 
9: Sex and age at operation. 
C: Years between primary trauma and Xenograft@ 

D: sde. 
E: Cause of primary knee injury. 
F: Surgery before Xenograft' reconstruction: ACL 

sut. - Ant.cnrdatelig.suture,ACLrec. L Ant.cruciate 
llg,. reconstruction. MM = Removal med. meniscus, 
LM = Removal lat. meniscus, Ex.an = Enraarticular 
procedure. '. 

reconstructon. 

careful check was made of any tension in the graft and 
eventual signs of impingement during full range of 
motion. The graft was then anchored without tension 
with double staples in the proximal tibia with the knee 
in 30°0f flexion. The operation was supplemented by 
an Ellison procedure. The strip of fascia lata with its 
bone fragment from Gerdy 's tubercle was passed be- 
low the lateral collateral ligament. The bone fragment 
was stapled distally and anteriorly to its original inser- 
tion. The defect in fascia lata was sutured. An intraar- 
ticular suction drainage was inserted for 24 h. Peroper- 
atively, an antibiotic (cloxacillin natrium 2 g x 4) was 
administered and continued for 3 days after surgery. 
All the operations were performed in a bloodless field. 

Aftercare 

Postoperative rehabilitation was supervised by aphys- 
iotherapist. Continuous passive motion from 40°-80" 
of flexion was used for 3 days after the operation. A 

G:Subjective dominating symptom preop.: 1 = Pain. 
2 - Giving way. 

H, H,, H, H3 - Lysholm score preop,. (0) and at lst, 2nd, 
and 3rd year postop. 
b I,, I, l3 = Lysholm stability score preop. (0) and a! 1st. 
2nd, and 3rd year postop. 
J, J,. J,J3 - Lysholm pain score preop. (0) and at lst, 2nd, 
and 3rd year postop. 

custom-made hinged knee brace was then applied to 
the knee. During the first 6 postoperative weeks, no 
weight bearing was allowed, but movement exercises 
in therange0f40~-80"offlexion were permitted (Pau- 
10s et al. 1981). After 6 weeks, the brace was unlocked 
and active full-range motion exercises were initiated. 
Full weight bearing was permitted after 3 months, but 
the knee brace was used for 3-5 months. Jogging was 
allowed after 5 months. All the patients were recom- 
mended to refrain from strenuous sports for a year after 
surgery (Arms et al. 1984). 

Postoperative evaluation 

The patients were examined yearly by one of us (PN) 
who had not participated in the operation or the care of 
the patients. The Lysholm scores (Lysholm and Gill- 
quist 1982) were used for subjective symptoms and a 
modified Marshall score (Marshall et al. 1977) for ob- 



Acta Orthop Scand1989;60(1):3-7 5 

1 94 20 25 (+I 
2 100 25 25 - 4 31 0 0 8 0  5 2 5  + 

4 36 0 0 100 25 25 (+) 
100 25 25 . 5 i0Q IS 25 

4 95 20 25 (+).  3 34 0 0 62 5 25 + 
5 100 25 25 - 4 39 0 0 100 25 25 - 

4 36 0 15 86 20 20 t+i 
. ~~ 

6 54 10 15 - 
7 100 25 25 - 
8 81 25 20 . 
9 81 20 20 . 
11 85 10 25 + 
10 79 5 25 + 

12 85 25 15 - 
13 71 5 25 (+I 
14 99 25 25 - 
15 80 25 20 - 
16 19 5 0 - 

17 91 20 25 
18 100 25 25 

19 04 25 20 - 
20 99 25 25 - 
21 ?? 25 10 - 
22 
23 00 15 25 . 
24 
25 95 20 25 . 
26 98 25 25 . 
27 95 20 25 - 
28 75 25 15 - 

. .  
4 36 0 0 100 25 25 - 
4 37 3 0 91 25 20 . 
5 37 2 10 90 25 20 - 
2 24 0 0 95 20 25 I+) 3 33 o o 8s 15 25 i+i 
5 40 5 15 79 25 20 . 
3 29 0 0 85 15 25 (+) 
5 38 3 5 95 25 20 - 
3 36 2 15 65 20 10 - 
5 3 8  0 1 0 3 6 5  0 -  

4 37 0 5 100 25 25 . 
4 39 0 0 86 25 15 (t) 

5 40 2 5 94 25 20 - 
5 38 0 0 81 20 20 - 
5 37 3 10 85 25 20 - 

90 15 25 (+) 
2 28 0 0 96 25 25 + 

71 25 25 (+) 
4 36 0 0 100 25 25 - 
4 39 0 0 100 25 25 (+) 
5 38 0 10 100 25 25 - 
4 37 2 15 74 20 15 . 

3 
3 
3 
2 
3 
2 
2 
4 
4 
3 
2 
4 

3 
4 
3 

5 

4 
3 

4 
3 
5 
3 
2 

3 
4 
3 
4 
3 

29 
33 
34 
23 
31 
29 
30 
38 
39 
31 
25 
39 

31 
39 
34 

37 

39 
31 

31 
33 
39 
30 
25 

31 
37 
34 
36 
34 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
5 

0 
0 
2 

0 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 

0 
0 
5 

0 

0 
0 

0 
0 
0 
0 
0 

20 
0 
0 
0 
0 

4.0 
9.0 
9.5 

9.0 
14,O 
9.5 
7.0 
5.0 
9.0 
11.5 
55 

11.0 
5.0 
14.5 

6,O 

5.0 
10,o 

6.0 
10.0 
7.0 
8.0 
14,5 

6,O 
8.0 
B .O 
8.5 
9.5 

7,O 2.0 1.0 
4.0 3,O 1,O 
5.5 0.5 0.5 

4.0 2.5 1.0 
8.0 3.0 1.0 
8;O 1;s 1;5 
9.0 3.0 2.0 
5.0 1.0 1.0 
7.0 1.5 1.5 

7,0 3.0 2.0 
5.0 2.0 2.0 
7.0 3.5 1.0 

6,O 2.0 2.0 

3.0 1.5 0 3  
5.0 2,0 2.0 

3.0 1.0 1.0 
7;o 3;o 2;o 
9.0 2.0 3.0 
7.0 3.0 2.0 
4;O 1;s 1;O 

6.0 0.0 0,O 
6.5 2.0 2,0 
4.0 1.0 1.0 
6.5 1.5 1.0 
8.5 2.5 3.0 

5 48 
6 48 
5 52 

36 
7 48 
8 48 
4 48 
6 48 
7 46 
5 38 
5 38 
4 3 8  

6 42 
7 36 
2 42 

2 37 

8 37 
4 36 

5 3 8  
8 37 
4 39 
8 36 
5 37 

4 33 
5 38 
7 36 
8 38 
4 38 

& K,, K, K, = Pivot shift preop. (0) and at 1 st, 2nd. and 3rd 
year postop. t = Clearly pos, (+) = Difficult to provoke, - = 
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jective stability in which the Lachman test was graded 
on a five-point scale. The 3-5-year follow-up was 
completed by activity grading (Tegner and Lysholm 
1985) and arthrometer (KT-1000) measurements 
(Daniel et al. 1985a); the anterior drawer motion was 
measured with the knee in 25"flexion and forward pull 
of 67 N and 89 N. Compliance was calculated as the 
difference between the 89 N and 67 N values in the 
same knee. The uninjured contralateral knee served as 
a control, and the injured-uninjured difference was cal- 
culated. According to Daniel et  al. (1985b), we consi- 
dered graft rupture to be present if this difference at 89 
N pull was 3 mm or more. 

As a reference group, 28 similar patients with a 
mean age of 27 years on a waiting list for an anterior 
cruciate ligament reconstruction were used (Lysholm 
score = 68 k 10, Lysholm pain score = 19 +6, Lysholm 
stability score = 8 +4, Tegner score = 5.3 k0.5, Lach- 
man score = 2.7 f0.5. Anterior drawer (mm) 89 N: In- 

P,, P, P, = Extension deficit (degrees) 1 s1, 2nd, and 3rd 
year postop. 

Q., Q, 0% = Flexion deficit (degrees) 1st. 2nd, and 3rd 
'year pistop. 

Anterior drawer (mm) injured knee at 89 N pull. 
R = Arlhrometric measurement at 3-year follow-up: 

S = Same as R for uninjured knee. 
T = Compliance (mm) injured knee. 
U = Compliance (mm) uninjured knee. 
V = Activity score (Tegner) at the 3-year follow-up. 
X = Follow-up time in months. 

jured knee = 10.2 k2.4, uninjured knee = 5.8 k 1.6, 
compliance: injured knee =2.5 k0.9, uninjured knee = 
1.3 f0.5). 

The Student's t-test, Mann-Whitney's U-test, and 
Wilcoxon's rank test for paired observations were 
used, and P < 0.05 was considered significant. 

Resu I ts 

There were no infections or wound complications, ex- 
cept that 1 patient had a synovial leakage through the 
tibia1 drill channel with ablister formation at the distal 
fixation of the graft. Seven Xenografts@have been re- 
moved. 

Graft removal 

Five knees developed synovitis during the first postop- 
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erative year. At reoperation, there was an intense syno- 
vitis, and the graft was found to be ruptured in all 5 cas- 
es. The graft ends were lying totally unattached in the 
bony channels. Bacterial cultures were negative. The 
histologic studies showed synovitis with plasma cells 
and foreign-body giant cells. After the graft had been 
removed, the synovitis disappeared and the patients 
were rehabilitated within 6 weeks. 

Two patients underwent reoperation for late graft 
rupture after 3 years, and a new anterior cruciate liga- 
ment reconstruction was performed. At reoperation 
the proximal and distal parts of the ruptured graft were 
found to be firmly adherent to the bone with connec- 
tive tissue. There were no macroscopic or microscopic 
signs of synovitis or foreign-body reaction, and there 
was no definite histologic evidence of connective tis- 
sue or blood-vessel proliferation into the graft. The 
bone-graft connection in the drilled channels seemed 
to consist of connective tissue adherent to thegraft sur- 
face. 

Remaining grafts 

There were 21 patients with a remaining Xenograft'at 
the 3-year follow-up. The mean Lysholin score was 89 
k 15, and 16 had never had any instability symptoms. 
Seventeen patients had a Lysholm score of 85 points or 
better, and 8 scored 100 points. During the follow-up 
period, there was an increase ( P  < 0.05) in mean Lys- 
holm score value between the first and third year. 

Activity scoring (Tegner and Lysholm 1985) 
showed a mean score of 5.4 k 1.4 vs 5.3 k 0.5 for the 
reference group. Only 5 patients had an activity score 
of7or8.Thesepatients wereactiveinslalomcompeti- 
tion, orienteering, and strenuous recreational activi- 
ties such as soccer and squash. All but 1 of the other 16 
patients were physically active on a recreational level. 
Eighteen patients in this group had no pain or only 
moderate pain during heavy exercise. 

At the 3-year follow-up, 19 patients had a full range 
of motion, and 2 patients had an extension deficit of 2" 
and5", respectively. The mean extension deficit in the 
total group of 2 1 patients successively decreased from 
2.3"at 1 year to 0.4"at 3 years. There was no synovitis 
in the21 patients witharemaininggraft, but 1 male had 
had episodes of effusion. 

Objective evaluation of knee stability showed a 
slight but definite decrease as a function of time ( P <  
0.001). Only 1 patient had aclearly positive pivot-shift 
sign, while 15 were negative; in 5 patients the pivot- 
shift test was difficult to evaluate. 

The 21 patients with remaining Xenografts'had an 
increased mean anterior drawer and compliance ( P  < 

Table 2. Arthrometric measurement values (mm), injured knees 
(I) uninjured knees (U) for 21 patients with a remaining 
Xenograft@ (mean follow-up 40 months) compared with 
reference group consisting of 28 patients on waiting list for 
anterior cruciate ligament reconstruction. Mean values SDare 
given. Compliance is calculated as the difference between the 
89 N and 67 N pull values in the same knee. 

Anterior displacement Compliance 
I U i U 

Xenograft 8.5 2.7 5.6 7.8 1.8 0.8 1.5 0.7 

Reference 10.2 2.4 5.8 1.6 2.5 0.9 1.3 0.5 
patients 

W U P  

0.001; Table 2). Compared with the reference group, 
the grafted knees had better arthrometric values (Table 
2). Eleven patients had an injured-uninjureddifference 
of 3 mm or more at 89 Npull; the graft is presumed to be 
ruptured in these patients. There was no difference in 
Lysholm score between patients with or without a pre- 
sumed graft rupture at the 3 year follow-up, but the 
former were less stable (P < 0.05). 

Discussion 

A synthetic substitute for the anterior cruciate liga- 
ment might simplify surgery, spare normal tissues, and 
facilitate stronger repairs (Funk 1987). A prosthesis 
consisting of collagen is appealing. In  animals the 
Xenograft@ seemed compatible with ingrowth of 
blood vessels and host-tissue collagen (McMaster 
1985), and mechanical tests suggested that it could car- 
ry the loads in the human knee joint (McMaster et al. 
1986). Preliminary reports from the Netherlands and 
the United States - with clinical use of Xenograft'as 
an anterior cruciate ligament substitute in more than 
100 patients -were encouraging (Abbink 1983). 

Our results, however, must be considered unsatis- 
factory, although 17 out of 21 patieilts with a remain- 
ing Xenograft@ had good or even excellent function. 
Comparing 1- and 3-year follow-up results, the objec- 
tive stability scores decreased while the Lysholm score 
increased. The increase in Lysholm scores, however, is 
probably the result of adaptation with diminished de- 
mands of the knee in strenuous exercises. 

Arthrometric measurement has increased the possi- 
bility of evaluating results after anterior cruciate liga- 
ment surgery (Daniel et al. 1985a). In the group of 21 
patients witharemainingxenograft', 1 1 patients were 
considered to have a graft rupture according to the ar- 
thrometric measurements. Because 7 patients already 
had been reoperated on because of a ruptured graft, to- 
tally, at least 18 out of 28 implanted grafts must be con- 
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sidered to have ruptured. This accords with the results 
of Van Steensel et al. (1987), who found graft rupture 
in about half the cases after 3 years. 

In 5 patients, synovitis occurred during the first 
postoperative year, and all of these patient had a rup- 
tured graft. At the 3-year follow-up, all the knees with 
a remaining Xenograft@ (with or without presumed 
rupture) lacked signs of effusion or synovitis. The 
combination of early rupture and synovitis suggests 
that small doses of ghtaraldehyde remaining in the 
core of the graft could cause this reaction. This is in 
contradiction to the hypothesis that graft abrasion and 

References 
AbbinkP. Preliminaryreporton the use of Xenografts in knee 

instability problems. Orth Trans 1983;7:84. 
Allen P R, Amis A A, Jones M M, Heatley F W. Evaluation of 

preserved bovine tendon xenografts: a histological, bio- 
mechanical and clinical study. Biomaterials 1987;8(2): 
1 4 6 5 2 .  

ArmsS W,  Pope M H, Johnson R J, Fischer R A, Arvidsson I,  
Eriksson E. The biomechanics of anterior cruciate Iiga- 
ment rehabilitation and reconstruction. Am J Sports Med 

Daniel D M, Malcom L L, Losse G, Stone M L, Sachs R, 
Burks R. Instrumented measurement of anterior laxity of 
the knee. J Bone Joint Surg (Am) 1985;67(5):720-6. 

Daniel D M, Stone M L, Sachs R, Malcom L. Instrumented 
measurement of anterior knee laxity in patients with acute 
anterior cruciate ligament disruption. Am J Sports Med 

Ellison A E. Distal iliotibial band transfer for anterolateral 
rotatory instability of the knee. J Bone Joint Surg (Am) 
1979:61(3):330-7. 

Funk F J Jr. Synthetic ligaments. Current status. Clin Orthop 

Galway R D, Beauprt A, MacIntosh D L. Pivot shift: a clini- 
cal sign of symptomatic anterior cruciate insufficiency. J 
Bone Joint Surg (Br) 1972;54:7634. 

Good L, Odensten M, Gillquist J. Anterior cruciate ligament 
reconstruction using a bovine Xenograft prosthesis: A 2 
year follow-up. Am J Sports Med 1985; 13:43940. 

Jenkins D H. The repair of cruciate ligaments with flexible 
carbon fibre. A longer term study of the induction of new 
ligaments and of the fate of the implanted carbon. J Bone 
Joint Surg (Br) 1978;60(4):520-2. 

Jenkins D H, McKibbin B. The role of flexible carbon fibre 

1984; l2( l):8-18. 

1985; 13(6):401-7. 

1987;(219):107-1 I .  

fragmentation with particular matter in the joint is the 
main cause of synovitis (McMaster et al. 1986). Van 
Steensel et al. (1987) reported 6 cases of synovitis, and 
none of those had a graft rupture; they attributed the 
synovitis to glutaraldehyde in the Xenograft? 

Good et a]. (1985) reported poor results of 9 Xeno- 
graft@operations with graft rupture and severe synovi- 
tis, and Allen et a]. (1987) had similar experience in 3 
of 5 cases. 

Despite the fact that some patients may benefit from 
the Xenograft@reconstruction, this prosthesis is unsat- 
isfactory in its present form. 

implants as tendon and ligament substitutes in clinical 
practice. A preliminary report. J Bone Joint Surg (Br) 
1980;62(4):497-9, 

Lysholm J, Gillquist J. Evaluation of knee ligament surgery 
results with special emphasis on use of a scoring scale. Am 
J SportsMed 1982;10(3):15&4. 

McMaster W C, Kouzelos J ,  Liddle S, Waugh T R. Tendon 
grafting with glutaraldehyde fixed material. J Biomed 
Mater Res 1976;10(2):259-71. 

McMaster W C. A histologic assessment of canine anterior 
cruciate substitution with bovine xenograft. Clin Orthop 
l985;( 196):196-201. 

McMaster W C, Greenwald A S, Springer S I. Properties and 
clinical applications of bioprosthetic tendons and liga- 
ments. Contemp Orthop 1986; 12(4): 15-22. 

Marshall J L, Fetto J F, Botero P M. Knee ligament injuries: a 
standardized evaluation method. Clin Orthop 1977;( 123): 

Paulos L, Noyes F R, Grood E, Butler D L. Knee rehabili- 
tation after anterior cruciate ligament reconstruction and 
repair. Am J Sports Med 1981;9(3): 140-9. 

Scharling M. Replacement of the anterior cruciate ligament 
with a polyethylene prosthetic ligament. Acta Orthop 
Scand 1981 ;52(5):575-8. 

van Steensel C J, Schreuder 0, van den Bosch B F, van 
Paassen H C, Menke HE, Voorhorst G ,  Gratama S. Failure 
of anterior cruciate ligament reconstruction using tendon 
xenograft. J Bone Joint Surg (Am) 1987;69(6):8604. 

Tegner Y ,  Lysholm J. Rating systems in the evaluation of 
knee ligament injuries. Clin Orthop 1985;(198):43-9. 

Tremblay G R, Laurin C A, Drovin G. The challenge of 
prosthetic cruciate ligament replacement. Clin Orthop 
I980( 147):88-92. 

1 15-29. 


