
Abstract Twelve adult New Zealand white rabbits were
randomly divided into two groups. In group 1, 30% of
the central mass of the right patellar tendon was re-
moved. In group 2, 60% was removed. The left knees
served as controls. The animals were killed 1 year later.
The patella–patellar tendon–tibial tuberosity units of all
knees were studied using histological and morphometric
analysis. In both groups, the tendons had lengthened.
Lengthening average was 2.50 mm in group 1 and 8.17
mm in group 2. In both groups, histology revealed poor
alignment of the collagen fibres and high cellularity, al-
though the findings in group 1 were nearer the normal
histological pattern. The results suggest that removal of
significant portions of the patellar tendon leads to
lengthening of the resulting tendon. In clinical practice,
it seems prudent to pay attention to the dimensions of the
patellar tendon when harvesting a graft.

Résumé Douze lapins adultes blancs (Nouvelle Zélan-
de) étaient divisés au hasard en deux groupes. Dans le
groupe 1 30% de la masse centrale du tendon rotulien
droit ont été enlevés. Dans le groupe 2 60% ont été enle-
vés. Les genoux gauches ont servi comme contrôle. Les
animaux ont été sacrifiés une année plus tard. Les unités
“rotule – tendon rotulien – tubérosité tibiale” de tous les
genoux ont été étudiés avec histologie et analyse
morphométrique. Dans les deux groupes les tendons
s’étaient allongés. La moyenne de l’allongement était
2.50 mm dans le groupe 1 et 8.17 mm dans le groupe 2.
Dans les deux groupes l’histologie a révélé un mauvais
alignement des fibres collagènes et une cellularité haute,
bien que les résultats dans le groupe 1 étaient plus pro-

ches du modèle histologique normal. Les résultats suggè-
rent que la suppression d’une partie importante du ten-
don rotulien conduit à son allongement. En pratique cli-
nique il paraît prudent de faire attention aux dimensions
du tendon rotulien quand on prélève une greffe.

Introduction

The central third of the patellar tendon (PT) is one of the
preferred sites for reconstruction of the knee anterior
cruciate ligament (ACL) due to its biomechanical quali-
ties [5, 6, 8, 12, 15]. The usual dimensions of these bone-
tendon-bone grafts tend to oscillate between 9 and
11 mm [8] while the PT has an average width of 3 cm at
its proximal origin and 2 cm at the distal insertion, al-
though with notable variations between individuals [18].

A growing number of complications in surgical re-
construction of the ACL are related to alterations pro-
duced in the donor site of the graft [2, 3, 10, 14, 15, 16,
17, 19]. Several studies have analysed healing mecha-
nisms and biomechanics of the PT after extraction of a
third of its mass [1, 4, 9, 11, 13]. However, repercussions
on the final length of the tendon have been seldom stud-
ied.

The objective of the present study is to analyse in an
experimental model the morphological and histological
repercussions that provoke the removal of grafts of dif-
ferent widths on the residual PT.

Material and methods

Twelve New Zealand white rabbits (eight males and four females)
with mature skeletal bone were used. They were randomly divided
into two groups. The rabbit was selected because of the anatomi-
cal analogy of its extensor mechanism with the human [7]. Care
recommendations of our local animal experimentation ethical
committee were followed throughout. The animals were operated
on and subsequently caged in the experimental surgery area of our
institution.

J. C. Monllau (✉) · P. Hinarejos · P. Alvarez · J. Ballester
Department of Orthopaedic Surgery,
Hospital Universitari del Mar, Passeig Marìtim 25–29, 
08003 Barcelona, Spain
e-mail: 87024@imas.imim.es
Tel.: +34-93-2483196, Fax: +34-93-2483196

F. Alameda
Department of Pathology, Hospital Universitari del Mar,
Barcelona, Spain

International Orthopaedics (SICOT) (2004) 28:7–10
DOI 10.1007/s00264-003-0448-7

O R I G I N A L  PA P E R

J. C. Monllau · P. Hinarejos · P. Alvarez
F. Alameda · J. Ballester

Influence of autograft removal on rabbit patellar tendon length

Accepted: 28 January 2003 / Published online: 26 March 2003
© Springer-Verlag 2003



Surgical technique

Anaesthesia was a mixture of intramuscular anaesthetic (ket-
amine) and droperidol-fentanyl. After preparing a standard surgi-
cal field, an average longitudinal approach of approximately 3 cm
was made in the right knee. The left knee was kept as a healthy
control. The paritenon was divided and the PT individualised, reg-
istering its width with a calliper of 0.05 cm precision. The experi-
ment consisted of creating longitudinal surgical defects in the cen-
tral aspect of the PT that were analogous to those carried out in
clinics in order to obtain bone-PT-bone grafts, although without
bone blocks. The defects involved the whole length of the PT and
randomly corresponded to 30% (group 1) or 60% (group 2) of its
width. The tendon defect was left opened and the peritenon was
sutured with Vicryl 3–0. After surgery, the animals were held until
sacrifice in standard laboratory cages where they could move
about without restriction. They were killed 1 year after surgery
with a lethal dose of intracardiac ketamine.

Morphometric study

Immediately after killing, the patella-PT-tibial tuberosity unit was
removed. After tensing to 20 N with the help of an Instron 4507
Universal Materials Testing Machine (Canton, Mass., USA), we
went on to the measuring process. The length of the PT was taken
as the distance between the patella and the tibial tuberosity. The
initial and final weight of each animal showed no significant dif-
ferences between the groups at the beginning or the end of the
study (Table 1).

Histological study

Once the morphometric study was carried out, we proceeded to
the histological study. The patella-PT-tibial tuberosity units of
both the intervened and contralateral knees were fixed on frag-
ments of expanded polyurethane with needles placed at their ex-
tremes to maintain tissue orientation. Thereupon, they were fixed
by immersion in a solution of formaldehyde at 10% for 24 h for
subsequent processing and embedded in paraffin. The cuts were
stained with three different techniques: hematoxylin-eosin, Mas-
son trichromic (to show collagen fibres) and Alcian blue (for acid
mucopolysaccharides). A qualitative study of cellularity, the char-
acteristics of the extra-cellular matrix and vascularisation was car-
ried out on each specimen. We took the non-intervened contralat-
eral tendon as the normal pattern and reference.

Statistical study

The size of the sample was calculated as statistically significant
(p<0.05) with a statistical strength of 80%, a difference between
the lengths of the healthy tendon and the one operated on of 5 mm
with a standard deviation (SD) of 2 mm. A statistical analysis was
done by comparing the length of the operated tendons (groups 1
and 2) with respect to their controls, and the length differences be-
tween the operated tendons of group 1 with respect to those of
group 2. Student’s t-test for analysis of independent data was used.

Results

Defect

The average defect was 5.8 mm in group 1 and 8.3 mm
in group 2. There were no significant differences be-
tween the original PT widths of either group. However,
width difference in the surgically created defects were
significant (Table 2).

Final tendon length

The average post-surgical length for group 1 was 12.5%
greater than control, without statistical significance. The
post-surgical length in group 2 was 38% greater than its
control reaching statistical significance (Table 3).

Histology

Control tendons showed a constant pattern and well-de-
fined homogenous collagen fibres arranged in a parallel
way amongst them in the direction of traction with hard-
ly any extracellular matrix or vascular structures. There
was also a low nuclear density that reflected scarce cel-
lularity. Identical characteristics, corresponding to ma-
ture tendinous tissue could be seen in the peripheral
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Table 1 Animals’ pre-opera-
tive and post-operative weight Group 1 average (SD) Group 2 average (SD) p value

Preoperative weight (kg) 4.085 (0.337) 4.145 (0.368) 0.89
Postoperative weight (kg) 4.557 (0.384) 4.578 (0.284) 0.96

Table 2 Width of the patellar
tendon and width of the created
surgical defect

Group 1 average (SD) Group 2 average (SD) p value

Tendon width (mm) 16.6 (0.21) 14.5 (0.29) 0.40
Defect width (mm) 5.8 (0.004) 8.3 (0.10) <0.001

Table 3 Length of the patellar
tendon (mm) in the operated
leg and control legs in both
groups

Operated leg Control leg p
Average (SD) Average (SD)

Group I 22.50 (2.74) 20.00 (1.54) 0.007
Group II 29.68 (3.88) 21.50 (2.58) 0.002



Discussion

Modification of PT length in which a third of its mass is
extracted has received little attention in medical litera-
ture. However, these changes in length have potentially
great importance, as they cause modifications in the po-
sition of the patella that can induce abnormal loads on
the patellar joint and anterior knee pain.

Burks et al. reported in a canine model that 6 six
months after removal of the central third, the PT short-
ened by 10% and showed a loss of resistance up to 60%
of control [4]. Beynnon et al., with a similar approach
and utilising the rabbit, obtained similar results in terms
of the loss of PT strength after 6 months. However, they
did not mention any change of length [1]. It was hypoth-
esised that immobilisation and lack of active quadriceps
contraction could favour shortening of the PT. Kamps et
al. [9] studied in rabbits the repercussion on regenerated
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zones of sections of the intervened PTs, independently of
the created defect size.

Regenerated tissue did not reproduce this normal mi-
cro-anatomy but did show different degrees of alteration.
Thus, the central part of the histological cuts showed
newly formed collagen in diverse states of maturity and
orientation. The newly formed tissue evidenced great
density of cellular nucleus and an extracellular matrix
with an abundant mucopolysaccharide component.
Group 1 showed a histological pattern (Fig. 1) closer to
normality than that of group 2 (Fig. 2), understanding
this as the observed in a healthy tendon in terms of num-
ber of cells, characteristics of the extra-cellular matrix
and orientation of collagen fibres.

Fig. 1 Histology of a sample
of group 1 (blue Alcian, ×4
augments). Collagen fibres
with minimal degenerative
changes and some alterations in
maturity and orientation

Fig. 2 Histology of a sample
of group 2 (hematoxylin-eosin,
×4 augments). Extracellular
matrix with a significant in-
crease of mucopolysaccharides
and a more intense alteration of
maturity and orientation of col-
lagen network. A higher densi-
ty of cellular nucleus can be
seen



tendon from a forced rehabilitation protocol in front of
another of postoperative immobilisation. In the tendons
subjected to early mobility, results showed the appear-
ance of micro-lesions and an increase of the tendon sec-
tion by ×4.1 and a longitudinal lengthening by ×1.2 with
respect to control. Meanwhile, the cross-section area and
lengthening were inferior in the immobilised group. His-
tologically, tendons from the immobilised group showed
better alignment of collagen fibres and a reduction in ex-
tension of the remodelled tissue.

O’Brien et al. were the first to report elongations of
the PT after removal of its middle third in human beings.
In their series, up to 20% of patients suffered lengthen-
ing of the PT, and a direct correlation between these in-
creases in length and the presence of patellofemoral
problems could be established [12]. Shelbourne et al.
evaluated the height of the patella and the length of the
PT in a series of 71 ACL reconstructions carried out with
bone-PT-bone autografts. They found an average PT
shortening less than 1% of initial length [17]. On the oth-
er hand, the same group specifically studied morbidity
linked to extraction of the middle third of the PT. They
obtained grafts from the uninjured contralateral knee and
concluded that morbidity induced by graft extraction ap-
peared to be of short duration and reversible. However,
they recognised that the patient experienced quadriceps
weakness and tendonitis in the operated PT for at least 
6 months [15].

Follow-ups by MRI of the PT of which the middle
third had been extracted usually coincide with the ten-
dency of progressive filling of the defect with scar tissue
[11]. In a goat model, 21 months after the extraction, the
PT showed swelling of the section area by 300% with re-
spect to control, while the ultimate strength of regenerat-
ed tissue hardly reached 50% of the original one [13].

Results of the present work show that defects of 30%
of the mass of the PT lead to its significant lengthening
in rabbits, and this agrees with results obtained by
Kamps et al.[9] Presumably, this is due to a worsening of
biomechanical properties. Although in clinical practice
grafts of between 9 and 11 mm wide are normally taken,
few works make reference to the total width of the PT.
Given that humans possess notable inter-individual ana-
tomical differences, it is probable that, sometimes, grafts
of more than 30% of the tendon mass can be obtained.
This fact may help explain lengthenings and tears or
breakages of the PT secondary to taking grafts. These al-
terations may be explained by the histological changes
observed, especially disorganisation of the collagen fibre
network, last structure to give the tendon its biomechani-
cal tensile strength, tear resistance and elasticity charac-
teristics [20].

Although the rate of complications induced by extrac-
tion of a significant portion of the PT is probably very
low in relation to the large number of reconstructions car-
ried out, the potential importance of these complications
advise caution in the extraction of these types of grafts.
Special attention should be paid to the width of the PT in
its tibial insertion where it is anatomically narrower.
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