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ABSTRACT

Twenty-four patients who underwent anterior cruciate
ligament revision surgery were studied postoperatively
{12 with reharvested ipsilateral patellar tendon grafis
and 12 with contralateral patellar tendon grafts). For
comparison purposes, 12 matched patients with pri-
mary anterior cruciate ligament reconstruction, who
had been operated on using the same technique by the
same surgeons, were chosen. The median time since
the first reconstruction was 57 months (range, 15 to
132} in the ipsilateral tendon group and 54 months
(range, 20 to 108) in the contralateral tendon group.
Follow-up examination showed that there were no sig-
nificant differences in total KT-1000 arthrometer side-
to-side measurements between the groups, but the
Lysholm score was higher for patients with contralat-
eral tendon grafts than for patients with ipsilateral
grafts. Only two patients with ipsilateral grafts were
classified as having excellent or good results. Func-
tional testing outcomes were similar for all groups, and
magnetic resonance imaging screening showed no dif-
ferences between the reharvest and primary harvest
groups in terms of length, width, thickness, or donor
site gap of the patellar tendon. However, there were
two major complications in the group with revision
surgery with the ipsilatera! reharvested pateitar tendon.
Reharvesting the ipsilateral patellar tendon resulted in
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lower functional scores and a higher rate of compiications
than revision with the contralateral pateflar tendon or
primary anterior cruciate ligament reconstruction.

With the increasing number of primary ACL reconstrue-
tions, the need for revision surgery will certainly also
inerease, even if the correct anatomic and isometric re-
sults are produced by the primary operation.?® In primary
ACL reconstruction, the use of the patellar tendon is con-
sidered to be the most suitable option.”9-2%13 There are,
however, well-known postoperative problems and compli-
cations, such as donor site morbidity and patellofemoral
pain, which are found in 20% to 60% of patients %16
There are also more serious but less frequent complica-
tions, such as patellar tendon rupture®® and patellar
fracture.® Revision surgery after failed ACL reconstruc-
tion is a great challenge and lacks a standard procedure at
the present time. Even though it is now understood that
the most common reason for failed primary ACL recon-
struction is the incorrect placement of either the femoral
or tibial drill holes or insufficient notchplasty (Refs. 12,
20, 28, 28~30; H. H. Paessler, unpublished data, 1996),
one of the as yet unsolved problems in ACL revision sur-
gery is the optimal choice of graft for the revision opera-
tion. The options include the quadriceps tendon,?%2? the
contralateral patellar tendon (Refs. 20, 22; H. H. Paessler,
unpublished data, 1996), reharvesting of the ipsilateral
patellar tendon (Refs. 14, 20; H., H, Paessler, unpublished
data, 1996), or a free hamstring graft.?® Other authors
have advocated allograft material, ?0-2¢

Until recently, only a few reports gn the results after
ACL revision when reharvesting of the ipsilateral patellar
tendon or the contralatera] tendon is used have been
found in the literature (Refs. 14, 22; H. H. Paessler, un-
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published data, 1996). One of the main advantages of
using the ipsilateral patellar tendon is the absence of
surgical trauma to the contralateral knee, There is also no
risk of disease transmission as there is with allografts.
Adriani et al.! yged ultrasonograph evaluation to show
that healing of the patellar tendon defect after harvesting
a free graft can be expected to take place with tendon-like
scar tissue, and the healing time is appreximately 1 year.
Cerullo et al.° have used computed tomography to demon-
strate that scarring of the open patellar tendon defect
takes place within 6 months postoperatively. Reharvest-
ing of the ipsilateral tendon therefore appears theoreti-
cally to be a valid alternative. On the other hand, animal
studies have shown a strength decrease of approximately
50% after 12 months in both the reharvested central third
of the patellar tendon!? and the remaining two-thirds of
the patellar tendon after the first harvest 26 Neither of
these studies therefore recommends reharvesting of the
pateliar tendan.

The aim of this study was to assess knee function after
ACL revision reconstruction involving either the rehar-
vesting of the ipsilateral patellar tendon or the harvesting
of the contralateral patellar tendon graft and to compare
the findings with the results from primary ACL recon-
structions in a matched group of patients,

MATERIALS AND METHODS

Patients

Twenty-four consecutive patients in need of ACL revision
reconstructions underwent surgery involving either the
central third of the ipsilateral patellar tendon (group A,
N =12} or a contralateral patellar tendon graft {group B,
N = 12), depending on the choice of the surgeon. For
Purposes of comparison, a group C—12 age- and sex-
matched patients with primary ACL reconstruction oper-
ated on with a free ipsilateral bone-patellar tendon-hone
graft by the same surgeons—were chosen. The median
time since the first reconstruction was 57 months (range,
15 te 132) in group A, and 54 months (range, 20 to 108) in
group B (no significant difference).

In group A, all the previous reconstructions were per-
formed using an open technique. Six patients underwent
reconstruction involving the medial third of the patellar
tendon and six involving the central third, The cause of
failure in 10 patients was nonisometric placing of the drill
holes too anterior on the tibial side, femoral side, or both
sides, causing graft elongation by notch roof impingement
in extension and overloading in flexion, A new trauma was
the cause of failure in two patients. At the time of the
revision operation, all patients but one had concomitant
medial or lateral meniscus injuries, Six patients had both
lateral and medial meniscus injuries, and five patients
had a medial meniscus injury. Seven patients had mild
degenerative changes of the cartilage in the knee (damage
down to subchondral bone with a maximal size of 5 X 5
mm, Outerbridge grades II or 11},

In group B, all the primary operations were performed
using an open technique. All these patients had previously
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undergone reconstruction involving the medial third of
the patellar tendon. The cause of failure was a new
trauma in four patients and nonisometric placing of the
drill holes, failure of graft incorpbration, or both in eight
patients, There were no concomitant PCI, injuries. Eleven
patients had- concomitant meniseus injuries: five on the
medial side, four on the latera] side, and two on both the
medial and lateral sides. Six patients had mild degenera.
tive changes of the cartilage of the knee (Outerbridge
grades IT or II1),

The median time since the infury in group C was 18
months (range, 3 to 90). The median age of the patients at
the time of revision surgery was 27 years (range, 23 to 33)
in group A and 27 years (range, 24 to 33) in group B (no
significant difference}. Tn group C, the median age at the
time of primary reconstruction was 27 years (range, 19 to
32). There were five men and seven women in each group.
All the patients were reexamined by an independent ob-
server at 26 months (range, 20 to 33) postoperatively in
group A, at 24 months (range, 22 to 30) in group B, and at
24 months (range, 23 to 26) in group C,

Follow-up Examination

The follow-up examination was hased on a KT-1000 ar-
thrometer {MedMetric, San Diego, California) Lachman
test to evaluate the total sagittal stability of the knee and
Lysholm,"® Tegner,?” and International Knee Documen-
tation Committee (IKDC) scores,*? as well as MRJ screen-
ing® of the knees focused on the donor site, All the sub-
Jjective scores were patient-administered, which means
that the patients completed the score sheet without the
presence or guidance of the ohserver, In the case of the
Lysholm score, the stability and pain subscores were also
registered by the patient.

Functional performance was evaluated with the single-
legged hop test to calculate a quotient between the injured
and noninjured legs. In all three groups, the donor site
was palpated for tenderness and the patient was asked to
kneel to assess discomfort compared with the other knee.

Eleven patients in group A and 12 in group C under-
went MRI screening of both knees and the ratios of the
length, width, and thickness of the patellar tendon in the
injured and noninjured knees were evaluated (Fig. 1). The
gap in the denor site that did not correspond to normal
tendon signal was measured in millimeters (Fig. 2),

The MRI examination was performed with 2 Siemens
Magnetom 1.0-T magnet (Siemens, Erlangen, Germany)

" using a flexible knee coil method. A three-dimensional

dual echo steady state Sequence was used, with a repeti-
tion time of 26.8 ms and an echo time of 9.0 ms, A 200 x
200 field of view was used, with a matrix of 256 x 256, A
three-dimensional reconstruction program was then used
for axial reconstructions from which a mean average value
for the width and thickness of the patellar tendon was
calculated using three different levels through the upper
midthird and lower third of the patellar tendon. The mid-
point of the patellar tendon on the donor side was then
evaluated for the gap size in the axial dimension.

The length of the patellar tendon from the apex of the
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Figure 2. Magnetic resonance imaging scan of the knee in
. . the axial plane. Top, a 7-mm centeal slit in the central part of
Figure 1. The measurement of the length (top), width {bot- the patellar tendon. Bottor, two 5-mm slits after reharvesting
tom, 1), and thickness (bottom, 2) of the patellar tendon. of a free pateliar tendon graft.
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patella to the insertion at the tibial tuberosity was calcu-
lated (Fig. 1). All measurements were made with a Sie-
mens evaluation unit with the aid of computerized dis-
tance measurements during the standardized setting of
window level and window center.

Surgical Procedures

All the patients were operated on by one of three experi-
enced surgeons (without any surgeon-method bias) using
the all-inside one-incision arthroscopic technique, patellar
tendon autograft, and interference screw fixation at both
ends (except in one patient in group A who had staple
fixation on the tibial side). The graft was reharvested from
the central third of the remaining ipsilateral patellar ten-
don (group A), harvested from the contralateral patellar
tendon (group B), or primarily harvested from the ipsilat-
eral patellar tendon (group C). A 7- to 8-cm long single
vertical incision was used and, at the completion of sur-
gery, the tendon defect was left open and the paratenon
was carefully sutured, All associated meniscus injuries
were addressed at the time of the operation deseribed
here. We treated the minor meniscus injuries with de-
bridement and the major injuries with partia] resection.
No meniscal sutures were used in this study. At the end of
the operation, a miniarthrotomy was performed in one
patient in group A because of technical difficulties.

Rehabilitation

All patients underwent rehabilitation following a stan-
dard protocol. A knee brace was used for 4 weeks (range,
3 to 6). Early weightbearing with crutches was encour-
aged, as well as early range of motion training. Closed
kinetic chain exercises were started at 3 weeks. Three
patients in group C did not use a brace during the post-
~ operative period. Otherwise, there were no differences
between the groups in terms of the rehabilitation protocol,

Statistics

All the results are given as median values (with range).
The Mann-Whitney nonparametric two-tailed test and the
chi-square test were used for comparisons of the two treat-
ment groups. A P value less than 0.05 was regarded as
statistically significant. Group A and group B were in-
cluded in the primary analysis and all statistical caleula-
tions were based on this cohort. Group C was included as
a reference group.

RESULTS

In group A, the median total KT-1000 arthrometer side-
to-side difference was 3 mm (range, —0.5 to 8.5). Seven of
12 patients had an anterior side-to-side difference be-
tween the injured and noninjured leg of 3 mm or more and
6 of 12 had a total anteroposterior side-to-side difference
of 3 mm or more. The median Lysholm score was 62 points
(range, 25 to 89). Two patients were classified as having
excellent or good results (Lysholm score more than 84
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points). The stability and pain subscores were 10 points
{range, 5 to 25) and 10 points (range, 0 {0 20), respectively.
The median Tegner activity level was 5 (range, 1 to 7). The
single-legged hop quotient was 88% (range, 0% to 118%) of
the uninjured side. There was no difference in terms of
subjective and ohjective function or stability and MRI
findings between the patients who had previously under-
gone reconstruction with the medial or central third of the
patellar tendon.

In group B, the median total KT-1000 arthrometer side-
to-side difference was 2 mm (range, 0 to 5.5) (P = 0.11,
group A compared with group B). Two of 12 patients had
an anterior side-to-side difference of 3 mm or more and 3
of 12 had a total side-to-side differences of 3 mm or moare.
The median Lysholm score was 84 points (range, 55 to 95)
(P = 0.002, group A compared with group B). Eight pa-
tients were classified as having excellent or good results,
The stability and pain subscores were 20 points (range, 10
to 25) (P = 0.02) and 20 points (range, 5 to 25) (P = 0.0086),
respectively (P values for group A compared with group
B). The Tegner activity level was 5 (range, 210 7) (P = 0.3,
group A compared with group B). The single-legged hop
quotient was 88 (range, 62 to 120) (P = 0.4, group A
compared with group B},

In group C, the median total KT-1000 arthrometer side-
to-side difference was 3 mm (range, —7 to 6.5). Four of 12
patients had an anterior side-to-side difference of 3 mm or
more and 3 of 12 had a total side-to-side difference of 3 mm
or more. The median Lysholm score was 90 points (range,
38 to 99), and the stability and pain subscores were 25
points {range, 10 to 25) and 20 points {range, § to 25),
respectively. Nine patients were classified as having ez-
cellent or good results. The Tegner activity level was 6
(range, 1 to 9). The single-legged hop quotient was 87%
(range, 50% to 104%).

Eleven patients in group A and 12 in group B under-
went MRI screening of both knees. In terms of the patellar
tendon length, thickness, and width, the ratios between
the harvested and nonharvested sides revealed no sig-
nificant difference between the patients in each group
{Table 1).

In group A, 11 of 12 patients had discomfort at the donor
site, problems kneeling, or both, compared with 7 of 12 in
the reconstructed knee in group B and 4 of 12 in the
contralateral knee. In group C, 9 of 12 patients had dis-
comfort at the donor site.

Using the IKDC final evaluation classifieation,!! no pa-
tient in group A was classified as having a normal knee
(IKDC grade A), three were classified as nearly normal
(IKDC grade B), seven as abnarmal (IKDC grade C), and
two as severely abnormal (IKDC grade D). In group B, no
patient was classified as having a normal knee, seven as
nearly normal, four as abnormal, and one as severely
abnormal. In group C, five patients were classified as
having a normal knee, five as nearly normal, and two as
abnormal,

No major complications were registered in patients in
groups B and C. In group A, one patient suffered a dislo-
cated patellar fracture 2 weeks postoperatively and one
patient suffered a patellar tendon rupture 6 months post-
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%
g TABLE 1
% Magnetic Resonance Imaging Findings of the Donor Site in Patients with Reharvest of the Ipsilateral Patellar Tendon (Group A) and
Primary Reconstruetion (Group C)
-T Measurement Group A Group C , Significance®
Gap (mm) 7T (3-15) 6(2-11) NS
.1 Length (% of noninjured side) 97 (71-120) 100 (87-121) NS
j“‘% Width (% of noninjured side} 113 (B2-129) 104 (#3-113) NS
? Thickness (% of noninjured side) 117 (57-250} 117 (83-233) NS

¥

é operatively. The patient with the patellar fracture was
% operated on with internal fixation using longitudinal K-
»> wires and tension banding® and had a total Lysholm
& score of 25 points and severe discomfort from the knee at
2% follow-up. The patient with patellar tendon rupture re-
% quired three more operations, was not able to watk with-
‘' put pain, and had a total Lysholm seore of 36 at follow-up.

In group A, apart from the patients who experienced
serious complications, twe patients were reoperated on
during the follow-up period. One patient was operated on
because of meniscus symptoms, one had staples on the
tibia! side removed because of pain, In group B, 4 of 12
&= patients were reoperated on, two because of meniscus
symptoms and two with extended notchplasty because of
extension deficits. In group C, § of 12 patients were reoper-
ated on during the follow-up period. Two patients had the
tibial interference screw removed because of poin. One pa-
tient underwent arthroscopic procedures on two occasions
. because of an extension deficit, and two patients underwent
@ arthroscopic procedures because of meniscus symptoms.

¥ biscussion

The principal finding in this study was that objective
stability can be restored in most patients by either rehar-
vesting the ipsilateral tendon or harvesting the contralat-
eral patellar tendon in patients in whom ACL revision
surgery is required. However, the uze of the ipsilateral
patellar tendon produced inferior functional results, even
2. though the MRI screening revealed no significant differ-
ence between patellar tendons that were harvested once
or twice. There were also major complications in 2 of 12
patients in whom the ipsilateral patellar tendon was
reharvested.

There were no significant differences in total sagittal
laxity between the groups (3 mm in groups A and C and 2
mm in group B} as measured by the KT-1000 arthrometer,
and this indicates that objective stability can be restored
by reharvesting the patellar tendon as well as by primary
harvesting. There were significant differences in the sub-
jective rating of the Lysholm score between patients in
group A {62 points) and those in group B (84 points). This
difference was fully explained by the differences in the
mogt important subscores, that is, stability and pain,
where the cumulative median difference was 18 points
- between groups A and B. This difference indicates that,
‘even though KT-1000 arthrometer measurements dis-
# played acceptable stability valnes in many patients, re-
harvesting the ipsilateral patellar tendon did not produce

2 There was no significant difference in terms of the residual doner site gap as well as the length, width, and thickness ratios between
the reharvested and primary harvested pateliar tendons as assessed with MRI at the 2-year follow-up.

a subjectively stable and pain-free knee. Only two patients
in group A were classified as having excellent or good
results on the subjective Lysholm rating scale. The me-
dian Tegner activity level was similar in the three groups
{6 in group A, 5 in group B, and 6 in group C).

The functional performance as aszessed by the single-
legged hop quotient revealed no differences in median
values between the groups. Two patients in group A could
not jump at all because of pain, and three patients had a
hop quotient of over 100%. In both groups B and C, all the
patients were able to jump.

Eleven of 12 patients in group A, 7 of 12 in group B, and
9 of 12 in group C had donor site discomfort on the oper-
ated side. One interesting finding is that only four pa-
tients in group B had donor site discomfort from the con-
tralateral side, which indicates that there are factors that
have a major influence on the donor site morbidity other
than harvesting the patellar tendon. In a 2-year (range,
0.5 to 5) follow-up study of 20 patients, Rubinstein et al.?*
found that none of their patients had patellofemoral pain
from the donor site when the contralateral patellar tendon
was harvested, that patellar tendinitis resolved after 1
year, ant that 95% of the quadriceps muscle strength had
returned.

Magnetic resonance imaging screening revealed no dif-
ference between primary harvest or reharvesting of the
patellar tendon in terms of length, width, thickness, and
donor site gap. This shows that reharvesting is possible
because the gap (not normal tendon-like fibrous scar tis-
sue signal) does not differ after being harvested once or
twice. This finding indicates that the patellar tendon has
the potential to regenerate, even though the gap is still
visible. However, we are aware of the fact that MRI does
not describe the quality of the tissue in the gap or in the
tendon. Previous animal studies have shown a decrease in
strength of approximately 50% in both the remaining two-
thirds and in the reharvested middle one-third of the
patellar tendon,1™26

On the other hand, Nixon et al.'® have shown normal
tissue and no gap in an MRI study of two patients 24
months after harvesting the middle third of the patellar
tendon and no tendon suture. They also saw almost nor-
mal tendon in a histologic and microscopic investigation in a
biopsy taken from the donor site 24 months after harvest.

Contrary to the findings of Nixon et al.'® and previous
ultrasonography studies,’ the present study revealed fi-
brous scar tissue formation in the gap, and in none of our
patients was there a regeneration of completely normal
tendon-like tissue on the MRI signal for at least the first
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2 years after harvesting and reharvesting of the central
part of the patellar tendon for ACL reconstruction. This is
in line with the results of Rosenberg et al.,?! who saw
persistent defects at the harvest site and significant an-
terior knee scar formation in hoth MRI and computed
tomography imaging after 12 to 24 months. We also saw
that, after 2 years, the median thickness was still 17%
higher in both group A and group C compared with the
uninjured side. The same phenomenon was found by
Coupens et al.,® who showed a significant increase in the
thickness of the donor site using MRI up to 18 months after
surgery. In their study, however, the gap in the patellar
tendon had been closed at the time of the operation.

There were two major complications in the present
study, both in patients in group A. One patient had a
patellar fracture and one a patellar tendon rupture. In
this smali series of 12 patients, this must be regarded as
an exceptionally high rate of major complications. There
are only a few reports in the literature on patellar tendon
ruptures,®® and Christen and Jakob® found only three
patellar fractures in a follow-up of 490 patients where the
central third of the patellar tendon was used as a free graft,

CONCLUSIONS

Magnetic resonance imaging revealed that reharvested
patellar tendons did not differ from primary-harvest ten-
dons 2 years after the revision recomstruction in terms of
length, thickness, width, and the size of the gap. We
therefore conclude that reharvesting the ipsilateral patel-
lar tendon is technically possible, even though MRI re-
vealed a remaining donor site gap 2 years after primary
harvest in every case. Objective knee stability can be
recovered with ipsilateral patellar tendon as a graft dur-
ing ACL revision surgery.

Reharvesting the ipsilateral patellar tendon for revision
ACL surgery resulted in a significantly lower functional
score (Lysholm) than both primary reconstruction and
revision surgery involving harvest of the contralateral
patellar tendon, This study indicates that there is an
unacceptably high risk of major complications after rehar-
vest of the ipsilateral patellar tendon. When ACL revision
surgery is required, graft options other than reharvesting
the ipsilateral patellar tendon should be considered.
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