
Introduction

Donor-site morbidity is the most common problem after
anterior cruciate ligament (ACL) reconstruction using
patellar tendon autografts [7, 11, 13]. Local tenderness,
loss of sensitivity and inability to kneel or knee-walk is
present in 40%–60% of these patients [2, 6]. We have pre-
viously reported that donor-site morbidity as assessed by
the knee-walking test is correlated with a loss of anterior
knee sensitivity as well as a deficit in the full range of mo-
tion (ROM) [5, 6]. In a magnetic resonance imaging
(MRI) analysis of 31 patients assessed 2 years after ACL
reconstruction using patellar tendon autograft, we found
that only one patient demonstrated a completely healed

donor-site area with a tendinous-like tissue signal [6].
Rosenberg et al. [10] have shown using both MRI (5 pa-
tients) and computed tomography (CT; 10 patients) that
the donor site 12–24 months after harvest evidenced a
persistent defect and significant scar formation. Nixon et
al. [8] made single MRI evaluations of 14 patients be-
tween 6 weeks and 2 years postoperatively and found that
the size of the defect and the intensity of the signal in the
central third of the tendon decreased over time. In their
study, two patients underwent MRI 2 years postopera-
tively. Their study revealed that the defect was indistin-
guishable from normal tendon.

In our previous MRI study, all the grafts were har-
vested through a central 70-mm-long skin incision, split-
ting the paratenon along its entire length [5]. In a previous
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dissection study, we showed that it is possible to harvest
the central third of the patellar tendon through two 25-mm
vertical incisions, leaving the infrapatellar nerve and the
major part of the paratenon intact (Kartus et al., manu-
script submitted). Weinstabl et al. [15] have shown that
blood vessels supplying the patellar tendon pass through
the paratenon. An intact paratenon could thus be benefi-
cial to the healing of the donor site. Our hypothesis was
that by sparing the paratenon, the healing of the donor-site
area is enhanced, so that it gradually regains the appear-
ance of tendinous-like tissue signal on MRI. The aim of
this study was to follow the development of the repair tis-
sue in the donor-site area using serial MRI evaluations
and to assess whether the MRI findings were correlated
with donor-site morbidity.

Patients and methods

Thirty-seven patients (25 men and 12 women) with unilateral ACL
rupture underwent elective reconstruction of the ligament using
patellar tendon autograft and interference screw fixation. The age
of the patients at the time of the reconstruction was 27 (range
14–50) years, and the index operation was performed 12 (range
2–192) months after the injury. The preoperative evaluation, as
well as the final follow-up, was performed by an independent ob-
server 25 (range 23–29) months after the reconstruction. The pre-
operative evaluation and the final follow-up were based on the
Lysholm score, Tegner activity level and the IKDC evaluation sys-
tem [4, 14]. Functional performance was evaluated with the one-
leg hop test [4]. Special attention was paid to donor-site morbidity,
which was evaluated with the knee-walking test and measurement
of loss of sensitivity [5, 6].

MRI examination

Apart from one woman who was pregnant at the 6-month assess-
ment, all the patients underwent three serial MRI evaluations at 6
(range 5–10) weeks, 6 (range 6–8) months and 27 (range 24–29)
months after the index operation. The contralateral non-harvested
patellar tendon was only assessed at 6 (range 5–10) weeks. The ex-
amination was performed with a Siemens Magnetom 1.0 Tesla us-
ing a flexible knee-coil method. A three-dimensional DESS se-
quence was employed, with TR 26.8, TE 9.0 ms. The field of view
was 200 × 200, with a matrix of 256 × 256. A three-dimensional
reconstruction program was used to obtain axial reconstructions
from which a value for the width and thickness was calculated
through the mid-point along the length of the patellar tendon from
the apex of the patella to the tibial tubercle. On the operated side,
the same mid-point of the patellar tendon was then evaluated for
gap size (area corresponding to non-tendinous-like tissue signal) in
the axial dimension. All measurements were made using a
Siemens evaluation unit with the help of computerized distance

measurements during the standardized setting of window level and
window centre. All the MRI assessments were made by an ex-
perienced, unbiased radiologist. The intraobserver variation was 
± 1 mm, as assessed by re-evaluating 10 randomly selected exam-
inations without knowledge of the primary result. There was no 
(± 0 mm) intrapatient variation as assessed by comparing 10 ran-
domly selected contralateral normal patellar tendons examined at 
6 weeks and 6 months postoperatively.

Surgical procedure

One experienced arthroscopic surgeon performed all the recon-
structions, using the all-inside technique, bone-patellar tendon-
bone autograft and interference screw fixation. A 10-mm-wide
central third of the patellar tendon was consistently harvested from
the ipsilateral knee through two 25-mm vertical incisions using a
subcutaneous tunnelling technique, in order to spare the infrapatel-
lar nerve and the paratenon, as described in our dissection study
[Kartus et al., manuscript submitted]. The donor-site gap was left
open, and the two 25-mm vertical incisions in the paratenon and
the skin were closed. All associated intra-articular injuries such as
meniscal ruptures were addressed at the time of the index opera-
tion.

Rehabilitation

The patients were rehabilitated following a standardized protocol
[12]. Early weight-bearing was encouraged, as well as full range of
active motion training. Running was permitted after 3 months and
contact sports after approximately 6 months. No rehabilitation
brace was used.

Statistical analysis

Median (range) values are presented. Wilcoxon’s rank sum non-
parametric test was used for comparisons between the longitudinal
observations in the cohort. Spearman’s rank correlation test was
used to test the correlations between the parameters. A P-value of
less than 0.05 was considered statistically significant. The changes
in the donor site as shown on the serial MRI evaluations were con-
sidered as the primary variables.

Results

At the 2-year follow-up, the Lysholm score, Tegner activ-
ity level, one-leg hop test, objective stability as measured
with the KT-1000 and the IKDC evaluation system all re-
vealed a significant improvement compared with the pre-
operative values (Table 1).

MRI revealed that the donor-site gap was 9 (range
4–18) mm at 6 weeks, 5 (range 2–14) mm at 6 months and
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Table 1 Using the standard
evaluation systems at the 2-year
follow-up, a significant im-
provement was registered com-
pared with the preoperative
values

Preoperative Two-year follow-up Significance

Lysholm score 69 (52–86) points 88 (44–99) points P = 0.0001
Tegner activity level 3 (2–8) 7 (2–9) P = 0.0001
One-leg hop test 85% (0%–110%) 96% (68%–132%) P = 0.0001
KT-1000 total side-to-side difference 4 (–2.5–8.5) mm 3 (–7–10)mm P = 0.05
IKDC normal/nearly normal 0/37 patients 24/37 patients P < 0.001



2 (range 0–5) mm at 24 months. The size of the donor-site
gap had significantly decreased at 6 months compared
with 6 weeks (P = 0.0001), as well as at 27 months com-
pared with six months (P = 0.0001) (Fig. 1). The thick-
ness and the width of the donor-site patellar tendon de-
creased compared with baseline (6-week assessment), al-
though both had significantly increased compared with
the non-harvested contralateral patellar tendon (Table 2).

The median loss of anterior knee sensitivity was 0
(range 0–285) cm2, excluding four patients with concomi-
tant or previous incisions in the anterior knee region. No
loss of sensitivity (0 cm2) was registered in 19/33 (58%)
patients.

When the knee-walking test was used at the 2-year fol-
low-up, 8/37 patients classified this test as normal, 14/37 as
unpleasant, 3/37 as difficult and 12/37 as impossible. The
knee-walking test showed no correlation with loss of an-
terior knee sensitivity, size of the donor-site gap, or width
or thickness of the patellar tendon on the donor side.

Discussion

The principal finding in this study is that the area of the
donor site corresponding to non-tendinous-like tissue sig-
nal gradually decreased in size on the serial MRI evalua-
tions. Furthermore, the thickness and width of the patellar
tendon at the donor site increased significantly compared
with the contralateral normal patellar tendon during the
first 2 postoperative years.

The strengths of the present study are that it included
37 consecutive patients who were followed with serial
MRI evaluations for a minimum of 24 months, that only
one MRI evaluation was missed (due to pregnancy) and
that the MRI evaluation, as well as the final clinical fol-
low-up, were performed by independent observers.

The results at the 2-year follow-up in terms of the
Lysholm score, Tegner activity level, IKDC evaluation
system and functional performance were all significantly
improved compared with the preoperative values, and the
results were on par with those of other studies [1].

The present study revealed that donor-site morbidity,
as evaluated with the knee-walking test, correlated with
neither the MRI findings nor the loss of anterior knee sen-
sitivity. Since the median loss of anterior knee sensitivity
in the present study was 0 cm2, this implies that residual
donor-site morbidity is multifactorial and is not only ex-
plained by injury to the infrapatellar nerve or to the patel-
lar tendon itself. Loss of motion is probably one of these
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Fig. 1 Serial magnetic resonance imaging evaluations of the
patellar tendon in the axial dimension demonstrating the donor-site
gap at 8 weeks (7 mm), at seven months (2 mm) and at 24 months
(completely healed) in this 19-year-old male patient

Table 2 The donor-site gap decreased significantly with time (P =
0.0001, 6 weeks vs 6 months; P = 0.0001, 6 months vs 27 months).
The thickness of the donor site decreased with time (P = 0.008, 6
weeks vs 6 months; P = 0.0006, 6 months vs 27 months). The
width of the donor site decreased with time (P = 0.02, 6 weeks vs
6 months; P = 0.004, 6 weeks vs 24 months). The width and thick-
ness of the index side increased significantly compared with the
normal contralateral side, regardless of whether the MRI assess-
ment was made at 6 weeks, 6 months or 27 months after recon-
struction (P ≤ 0.0002)

Contralateral Index side Index side Index 
side at 6 at 6 weeks at 6 months side at 
weeks (mm) (mm) (mm) 27 months 

(mm)

Gap No gap 9 (4–18) 5 (2–14) 2 (0–5)
Thickness 5 (3–8) 8 (5–12) 7 (6–12) 6 (4–9)
Width 29 (20–35) 33 (23–44) 32 (23–48) 31 (24–38)
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factors, as shown in our previous study of 604 patients
[5]. The number of patients in the present study was, how-
ever, too small to test the correlation between the loss of
motion and the knee-walking test.

In terms of the loss of sensitivity and inability to knee-
walk, we have previously made observations contradict-
ing the results of the present study, in two studies of 90
and 604 patients [5, 6]. However, these patients had their
patellar tendon harvested through a 70-mm central verti-
cal incision, and no effort was made to spare the infra-
patellar nerve. Since the nerve-sparing technique was used
in the present study and more than half the patients had no
loss of sensitivity at all, we feel that the results are not
fully comparable.

Our finding that the thickness of the patellar tendon at
the donor site increased significantly compared with the
non-harvested contralateral side has previously been re-
ported by Coupens et al. [3], using MRI 18 months after
the harvesting procedure, as well as Wiley et al. [15] after
12 months using ultrasonography. These findings indicate
that there was an inflammatory reaction, representing on-
going tissue repair, which was still present at the donor
site.

The finding that the donor-site gap gradually decreased
in size up to the assessment at 27 months might imply that
the patellar tendon has a chance to regenerate if the period
between the harvest and the MRI evaluation is long
enough. In a previous MRI study focusing on the donor
site in patients who had the central third of their patellar
tendon harvested through a single vertical paratenon-split-
ting incision, we have shown that the median donor-site
gap was 5 mm, and only 1/31 tendons was completely
healed after 2 years [6]. In the present study, the median
donor-site gap size was 2 mm, and 6/37 had healed com-

pletely after 2 years. This might indicate that the patellar
tendon regenerates more completely if the paratenon and
its blood supply are left intact. This seems reasonable,
since Weinstabl et al. [15] have shown that the blood sup-
ply to the patellar tendon passes through the paratenon.
Rosenberg et al. [10] demonstrated a persistent defect and
significant scar formation 12–24 months after harvesting
the central third on both MRI (5 patients) and CT (10 pa-
tients). Nixon et al. [8] have shown a homogeneous low-
intensity MRI signal almost throughout the entire tendon,
indicating complete healing after 2 years in 2 patients.
They also reported that a biopsy taken 2 years after central
patellar tendon harvest was ‘indistinguishable in appear-
ance from normal tendon’ under polarized light micros-
copy, but the cells were still increased in number compared
with normal tendon. Proctor et al. [9] showed in a goat
model that the tendon after central third harvest appeared
normal on MRI at 21 months, but transmission electron
microscopy revealed abnormal tissue composition with an
increase in the number of collagen fibrils of small diame-
ter. Furthermore, the maximum force to failure for the re-
pair tissue was significantly decreased compared with nor-
mal patellar tendon [9]. We are aware that MRI does not
show the quality of the tissue examined and that biopsies
are needed to obtain valuable information on the healing
of the repair tissue. The present study reveals that the area
corresponding to non-tendinous-like tissue signal gradu-
ally decreased during the first 2 years after the harvest.
This supports our hypothesis that the healing of the donor-
site area is enhanced by sparing the paratenon.
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