
СLINICAL STUDIES

TrAUmAToLogy AND orThopEDICS of rUSSIA2024;30(4)60

Original article
https://doi.org/10.17816/2311-2905-17606

Сhanges in the Donor Site Following Bone-Patellar Tendon-Bone Graft 
Harvesting with Open or Closed Defects 
Pavel A. Trachuk, Aleksandr P. Trachuk, Oleg E. Bogopolskiy

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract
Background. The patellar tendon is frequently used as a graft source for anterior cruciate ligament 
reconstruction.The search of the factors that enhance the healing process of the donor site may contribute to 
improved anatomical and functional outcomes.
The aim of the study — to determine the features of the harvesting techniques for better donor site healing by 
examining postoperative changes in the patellar tendon following two different graft harvesting methods.
Methods. This study examined the condition of the patellar tendon after two methods of graft harvesting 
under the same early mobilization protocols. Group 1 (retrospective) enrolled 30 patients who underwent 
follow-up MRI at different times after surgery, during which ligamentous and bony defects were not closed. 
Group 2 (prospective) included 30 patients who received full-layer suturing of the patellar tendon and 
patellar and tibial bone defects plasty. Postoperatively, all patients underwent radiography, and the Insall-
Salvati ratio of their patellar position was evaluated. In Group 2, MRI was performed preoperatively and 
12 months post-surgery, while CT scans were taken 1 day and 6 months post-surgery. MRI was utilized to 
measure the size and qualitatively assess the condition of the tendon, whereas bone defects were evaluated  
on CT scans. 
Results. The Insall-Salvati ratio of patellar position was within the physiological norm and did not 
differ between the groups (M1 = 1.11; SD1 = 0.13 and M2 = 1.12; SD2 = 0.15; p = 0.955). In Group 2, after 
12 months, the length of the tendon was 3.1% shorter (M = -1.4 mm; SD = 2.4 mm; p = 0.003). The width 
of the tendon in the upper third and middle third was slightly increased (M = 0.3 mm; SD = 2.4 mm;  
p = 0.502 and M = 0.5 mm; SD = 2.1 mm; p = 0.205), while in the lower third it was 2.7% larger  
(M = 0.7 mm; SD = 1.7 mm; p = 0.034). The thickness of the tendon increased by 55% (M = 2.4 mm;  
SD = 1.6 mm; p = 0.001). All patients in Group 1 exhibited persistent bony and ligamentous defects. In Group 2, 
six months after surgery, cancellous bone filled the defects and integrated with the bone bed; 12 months later, 
the tendon was healed, and its shape and size approximated preoperative parameters.
Conclusion. Full-layer suturing of the patellar tendon, reconstruction of defects using cancellous bone autograft, 
and early mobilization promote the healing of bone defects and restore the integrity, shape, and size of the 
tendon. 
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Изменения в донорской зоне после забора трансплантата  
из связки надколенника с оставлением или закрытием дефектов
П.А. Трачук, А.П. Трачук, О.Е. Богопольский

ФГБУ «Национальный медицинский исследовательский центр травматологии и ортопедии  
им. Р.Р. Вредена» Минздрава России, г. Санкт-Петербург, Россия

Реферат
Актуальность. Связку надколенника часто используют как источник трансплантата для пластики 
передней крестообразной связки. Поиск факторов, повышающих качество заживления донорского де-
фекта, может способствовать улучшению анатомо-функциональных результатов. 
Цель — на основании изучения послеоперационных изменений в связке надколенника после двух ва-
риантов забора трансплантата определить особенности техники, обеспечивающие более полноценное 
заживление донорской зоны.
Материал и методы. Проведено исследование состояния связки надколенника после двух вариан-
тов забора трансплантата в одинаковых условиях ранней мобилизации. В первую (ретроспективную) 
группу вошли 30 пациентов, которым в различные сроки после операции выполняли МРТ, связочные 
и костные дефекты не устраняли. Вторую (проспективную) группу составили 30 пациентов, у которых 
выполняли полнослойный шов связки и костную аутопластику дефектов. У всех пациентов выполняли 
рентгенографию и изучали индекс положения надколенника Insall – Salvati после операции. Во второй 
группе выполняли МРТ до операции и через 12 мес., КТ — через 1 день и 6 мес. после операции. По МРТ 
измеряли размеры и качественно оценивали состояние связки, по КТ — состояние костных дефектов. 
Результаты. Рентгенологический индекс положения надколенника соответствовал физиологической 
норме и не отличался между группами (M1 = 1,11; SD1 = 0,13 и M2 = 1,12; SD2 = 0,15; p = 0,955). У па-
циентов второй группы через 12 мес. длина связки была меньше на 3,1% (M = -1,4 мм; SD = 2,4 мм;  
p = 0,003); ширина связки в верхней трети и в середине незначительно увеличивалась (M = 0,3 мм;  
SD = 2,4 мм; p = 0,502 и M = 0,5 мм; SD = 2,1 мм; p = 0,205), а в нижней трети она была больше на 2,7%  
(M = 0,7 мм; SD = 1,7 мм; p = 0,034); толщина связки возрастала на 55% (M = 2,4 мм; SD = 1,6 мм;  
p = 0,001). У всех пациентов первой группы имелись стойкие костные и связочные дефекты. Во второй 
группе через 6 мес. после операции губчатая кость заполняла дефекты и прирастала к стенкам, через 
12 мес. связка становилась целостной, ее форма и размеры приближались к дооперационным показа-
телям. 
Заключение. Полнослойное сшивание связки надколенника, пластика дефектов губчатой аутокостью 
и ранняя мобилизация обеспечивают заживление костных дефектов и восстановление целостности, 
формы и размеров связки. 

Ключевые слова: связка надколенника, передняя крестообразная связка, донорское место, техника  
забора. 
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introduCtion

The problem of the improvement of the surgical 
reconstruction of the damaged anterior cruciate 
ligament (ACL) remains relevant, as ongoing 
discussions persist regarding the advantages and 
disadvantages of various grafts [1, 2, 3, 4]. Reports 
continue to emerge about the novel techniques 
for graft harvesting [5, 6, 7], optimal placement 
[8, 9, 10, 11], and minimizing postoperative donor 
site complications [12, 13, 14, 15]. Most surgeons 
agree that effective operation requires adherence 
to the anatomical concept of reconstruction 
[16, 17, 18, 19], which focuses on restoring the 
function of the damaged ligament by using an 
appropriate biological graft, placing it correctly, 
and securely integrating it at the original ACL 
attachment sites [20, 21, 22].

The patellar tendon graft, harvested from 
its middle third, remains the material closest 
in structure, form, and properties to the native 
ligament [23]. Many surgeons prefer this graft, 
particularly for young patients actively engaged 
in contact, team, and jumping sports [24, 25, 
26, 27]. According to international surveys,  
in 2020, 45.5% of respondents from North 
America identified the patellar tendon graft as 
their first-choice option, compared to an average 
of 16.1% from other regions [28]. Data from 
nearly all national registries indicate that this 
graft has the lowest revision rates (ranging from 
1.5% to 3.2%), which is particularly crucial since 
it is often used for physically active patients at 
high risk of repeated injury [4, 29, 30]. Moreover, 
the functional status of the operated knee joint 
exhibited superior rotational stability compared 
to soft tissue tendon grafts [31].

However, the use of the patellar tendon graft 
can be associated with significant donor site 
changes. Postoperative findings have included 
thickened fixed scars [32, 33, 34], painful palpable 
defects at the donor site [35, 36], shortening of 
the tendon [37], patellar fractures, persistent 
degenerative changes in the tendon, and even 
ruptures [38, 39]. Various methods have been 
proposed to mitigate donor site complications, 
but their effectiveness remains under debate. 
There is no consensus on how best to close the 
tendon defect—whether to leave it open, suture 
only the peritenon, loosely approximate the 
superficial layers, or perform full-layer suturing 
of the tendon and peritenon. The necessity and 

potential outcomes of bone grafting for donor 
site defects also remain unclear.

It is reasonable to assume that if clinical issues 
stem from changes at the patellar tendon donor 
site, a more complete tendon restoration may 
lead to improved results. Thus, this study focuses 
on the condition of the patellar tendon following 
graft harvesting for ACL reconstruction.

The aim of the study was to determine the 
features of the harvesting techniques for better 
donor site healing by examining postoperative 
changes in the patellar tendon following two 
different graft harvesting methods.

methods
A retrospective-prospective study was conducted 
to evaluate the condition of the patellar 
tendon in 60 patients who had underwent ACL 
reconstruction with graft harvesting and defect 
closure using two different techniques.

Inclusion criteria: (1) age 18-45 years; (2) no 
signs of osteoarthritis; (3) postoperative X-rays 
and MRI data available for analysis; (4) consistent 
rehabilitation program aimed at restoring the 
weight-bearing capacity of the lower limb, full 
knee extension and mobility, and activation of 
thigh muscles from postoperative days 1-3.

Exclusion criteria: pathological conditions 
at the graft harvesting site (tendinitis, 
osteochondropathy, previous extensor apparatus 
injuries and their sequelae). 

Group 1 (retrospective) included 30 randomly 
selected patients who underwent MRI after 
ACL reconstruction for various reasons (follow-
up, new complaints, recurrences). This group 
comprised 21 men and 9 women, with a 
mean age of 28 years (M = 28.2; SD = 7.0). The 
follow-up period ranged from 1 to 20 years, 
with a median follow-up of 4.7 years (Q1 = 3.8;  
Q3 = 6.4). 

In this group, graft harvesting was performed 
via two horizontal incisions (Figure 1). Incisions 
up to 3 cm in length were made away from bony 
prominences. The upper incision was below the 
apex of the patella and the lower incision was 
above the tibial tuberosity. The peritenon was 
incised only at the skin incisions, mobilized 
between them with a clamp, and the graft was 
taken while preserving the integrity of the fascial 
sheath. After graft harvesting, the peritenon 
edges and tendon bundles were sutured at the 
skin incisions over the tendon ends using one 
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or two absorbable sutures. Bone defects were 
not repaired. The tendon bundles within the 
preserved sheath were not sutured, assuming 
that the guiding sutures at the tendon ends 
would suffice for approximation and subsequent 
healing. All patients in Group 1 underwent 
arthroscopic transtibial ACL reconstruction.

A graft measuring 10-12 mm in width with bone 
blocks from the patella and tibial tuberosity, 
20 mm and 30 mm in length respectively and 
up to 8 mm deep, was prepared. Two columns 
of cancellous bone (diameter 4.5 mm each) 
were harvested from the tibial tuberosity. An 
absorbable No. 2 interrupted suture was placed 
at the edge of the patella apex, capturing 
peritenon layers, tendon edges for the entire 
thickness, and underlying fat pad. This isolated 
the bone defect in the patella from the tendon 
defect to prevent migration of bone fragments 
and marrow cells. The previously prepared 
cancellous bone columns were tightly packed 
into the patellar defect, over which the peritenon 
layers and prepatellar bursa were sutured. The 
peritenon and tendon bundles were then sutured 
with absorbable No. 2 sutures with stitches of 
0.5-1.0 cm length up to the tibial tuberosity 
defect (Figure 2). During ACL reconstruction, 
bone chips were collected during graft bone 
edge preparation and tunnel formation, and 
these chips were placed into the tibial defect, 
with the tendon and peritenon edges sutured 
over it. Finally, the subcutaneous tissue and skin 
were closed with intradermal sutures. 

To assess potential shortening of the patellar 
tendon following different graft harvesting 
methods, postoperative X-rays were analyzed, 
and the Insall-Salvati ratio of patellar position 
was calculated. Lateral views were used to 
measure the ratio of the distance between 
the patellar tendon attachment points to the 
maximum vertical patellar size [40], and values 
were compared between groups. MRI was used to 
evaluate the presence or absence of defects at the 
donor site. 

Figure 1. Stage of graft harvesting from the patellar 
tendon through horizontal incisions in a patient from 
Group 1

Group 2 (prospective) consisted of 30 patients 
who, in 2022, underwent anatomical double-
incision ACL reconstruction using a patellar 
tendon autograft from its middle third. This 
group included 22 men and 8 women, with a 
mean age of 30 years (M = 30.1; SD = 6.9), and 
a follow-up period of 12 months (M = 11.9;  
SD = 0.2).

Graft harvesting involved a longitudinal 
incision of the skin and subcutaneous tissue 
over the patellar tendon, 5-7 cm in length; 
the peritenon was incised longitudinally and 
mobilized, exposing the patellar tendon edges. 

Figure 2. Stages of graft harvesting 
through a longitudinal incision in patients  
from Group 2: 
a — mobilization of the longitudinally 
incised peritenon and exposure of the 
anterior surface of the patellar tendon; 
b — appearance of the sutured donor site 
defect 

а b
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All patients in Group 2 underwent MRI 
preoperatively, X-ray and CT the day after 
operation, CT at 6 months postop, and MRI at 12 
months postop. MRI assessments included the 
measurements (length, width, and thickness) 
of the patellar tendon preoperatively and at 12 
months. Length was measured along the poste-
rior contour of the tendon between attachment 
points on sagittal slices where tendon length 
was minimal. Width was measured on axial 
slices in the upper, middle, and lower thirds: the 
first measurement was taken 6-8 mm from the 
patellar edge, the second at the mid-tendon, and 
the third 6-8 mm from the tibial attachment. 
Thickness was measured on an axial slice at the 
mid-tendon, recording the maximum dimension. 
CT scans evaluated the healing dynamics of 
patellar and tibial tuberosity defects replaced 
with cancellous bone autograft. Imaging was 
performed at Vreden National Medical Research 
Center for Traumatology and Orthopedics using 
a Siemens Somatom Definition AS CT scanner 
(Germany) and a Siemens Magneton Verio  
3.0 T MRI scanner (Germany). Measurements 
were performed using RadiAntDICOMViewer 
4.2.1 (Medixant, Poland). 

statistical analysis
Statistical processing was performed using SPSS 
17.0 (Microsoft®, USA). For describing quanti-
tative values of the Insall-Salvati ratio in both 
groups and patellar tendon dimensions before 

and after surgery in Group 2, the normality was 
tested with the Shapiro-Wilk test. Mean (M) and 
standard deviation (SD) were used to describe 
quantitative variables. Comparisons of the Insall-
Salvati ratio between groups were conducted 
using a two-sample Student’s t-test. Paired 
Student’s t-test was used to compare quantitative 
variables in Group 2 over time. Differences were 
considered statistically significant at p<0.05.

results
The performed Shapiro-Wilk test showed that 
all the examined data were normally distributed 
(p>0.05). The radiological Insall-Salvati ratio 
of patellar position after surgery was within 
the physiological norm, with no significant 
differences between the groups: M1 = 1.11 (SD1 
= 0.13) in Group 1 and M2 = 1.12 (SD2 = 0.15) in 
Group 2, p = 0.955, t(58) = 0.06. 

All patients in Group 1 exhibited unfilled 
bone defects of the patella and tibial tuberosity 
that persisted until the final follow-up  
(Figure 3). In the areas where the ligament 
bundles were sutured, a homogeneous ligament 
of sufficient width and thickness was observed. 
In regions where the ligament was not sutured, 
all patients displayed persistent defects filled 
with scar tissue resembling the adjacent adipose 
tissue in density and structure. No signs of defect 
replacement by tissue resembling ligament 
were observed even 20 years postoperatively  
(Figure 4). 

Figure 3. Unfilled bone defects at the donor site of the patella (a) and tibial tuberosity (b) in a patient  
from Group 1 at 20-year follow-up

а b
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Postoperative changes in patellar ligament 
dimensions analyzed in patients of Group 2 are 
presented in Table 1. At 12 months, the average 
shortening of the patellar ligament was 3.1%. 
The width of the ligament in the upper and 
middle thirds was nearly restored to its original 
size, while in the lower third it increased by an 
average of 2.6%. Ligament thickness increased by 
an average of 55%. 

In all patients of the Group 2 who underwent 
graft harvesting with subsequent full-layer 
suturing of the defect, the ligament after 
surgery formed a unified structure. The suture 
line was either not visible or barely discernible. 
No tendon defects or deformities due to suture 
divergence were observed. The width of the 
ligament was almost completely restored, with 

only moderate thickening visible on all axial 
slices (Figure 5). 

Two patients with sutures placed at intervals 
of more than 2 cm and not across all layers 
exhibited areas of deformed and incompletely 
healed ligament (Figure 6). 

CT evaluation on the day following surgery 
revealed that bone defects after ligament 
harvesting were nearly completely filled with 
cancellous bone, and all graft material was 
localized within the defect zones (Figure 7). At 
6 months, all observations showed that bone 
grafts had fused with the defect walls and were 
nearly indistinguishable in density from the 
surrounding bone, with their surface becoming 
smoother. No signs of heterotopic ossification 
were observed (Figure 8). 

Figure 4. The unsutured segment of the patellar tendon filled with scar tissue resembling the adjacent 
adipose tissue in density and structure (a); the sutured segment appears homogeneous, broad enough,  
and slightly thickened (b) in a patient from Group 1 at 20-year follow-up

а b

Table 1
Changes in patellar ligament dimensions 12 months after harvesting in patients  

of Group 2 (n = 30)

Patellar ligament 
parameters

Preoperative 
parameter value 

(L0, mm)

Parameter value 
12 months 

postoperatively 
(L12, mm)

Parameter difference 
(L12-L0, mm) p

Length M = 44.5 (SD = 4.8) M = 43.1 (SD = 4.7) M = -1.4 (SD = 2.4; t(29) = -3.284) 0.003

Width in the upper third M = 30.7 (SD = 3.6) M = 31.0 (SD = 3.3) M = 0.3 (SD = 2.4; t(29) = 0.681) 0.502

Width in the middle third M = 28.9 (SD = 3.6) M = 29.4 (SD = 3.5) M = 0.5 (SD = 2.1; t(29) = 1.297) 0.205

Width in the lower third M = 26.8 (SD = 3.5) M = 27.5 (SD = 3.7) M = 0.7 (SD = 1.7; t(29) = 2.225) 0.034

Thickness in the middle 
of the ligament

M = 4.4 (SD = 0.6) M = 6.8 (SD = 1.7) M = 2.4 (SD = 1.6; t(29) = 8.138) 0.001
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Figure 6. Appearance of the deformed 
patellar tendon after graft harvesting 
with non-full-thickness suturing: 
tendon edges are approximated but not 
sutured (a), only the superficial layer and 
peritenon are sutured (b)

Figure 8. Three-dimensional CT reconstruction of the knee joint showing 
cancellous bone-filled donor defects of the patella and tibial tuberosity  
6 months after surgery

Figure 5. MRI scan of the patellar tendon in a patient from Group 2 before (a, b) and after graft  
harvesting (c, d)

а b с d

Figure 7. CT scans showing filled bone defects  
of the patella (a) and tibial tuberosity (b) on the 
first postoperative day

а b

а b
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Thus, the identified characteristics of 
postoperative changes in the patellar ligament 
under early mobilization conditions indicate that 
restoring the structural integrity and dimensions 
of the ligament requires reliable full-layer 
contact between ligament bundles, filling the 
bone defects of the patella and tibial tuberosity 
with cancellous autograft, and careful coverage 
of the healing zone with peritenon. Under these 
conditions, the bone union and closure of patellar 
and tibial tuberosity defects were observed within 
6 months, and at 12 months the patellar ligament 
became a continuous homogeneous structure. Its 
shape and dimensions approached preoperative 
values, with width nearly restored, length slightly 
decreased, and thickness moderately increased. 

Effective healing of the donor site was 
achieved through the following technical 
measures: longitudinal skin incision outside bony 
prominences; full-layer suturing of ligament 
bundles after graft harvesting; mobilization 
and subsequent suturing of peritenon layers; 
reconstruction of patellar and tibial tuberosity 
defects with bone cancellous autograft; and 
wound closure with resorbable suture material. 

disCussion
The extensive experience of using a graft from 
the middle third of the patellar ligament suggests 
that it is the most suitable option for patients 
with high demands for functional recovery, 
primarily athletes [24, 41]. However, patients 
often reported postoperative pain, palpable 
deformities, and crepitus in the donor site area, 
which were associated with graft harvesting.

Initially (in the pre-arthroscopic period), ACL 
reconstruction was performed via arthrotomy.  
A tight suture of the capsule and patellar ligament 
bundles was necessary to restore the synovial 
environment of the joint cavity and reduce 
the risk of postoperative infection. Protective 
measures for the graft during the first 1-2 
months after surgery (limited weight-bearing, 
immobilization or wearing a brace restricting 
movement from 10 to 90°, prohibited active knee 
extension involving quadriceps contraction, 
cautious and gradual rehabilitation) contributed 
to the formation of fixed scars and joint stiffness. 
Reports of significant scarring and shortening of 
the patellar ligament, arthrofibrosis, persistent 
contractures, and adverse graft harvesting 
outcomes led to a transition to more “aggressive” 

rehabilitation approaches, including leaving 
the ligament defect open and suturing only the 
peritenon [31, 36, 37, 38].

One of the first to use MRI for donor site 
evaluation was S.D. Coupens et al. [44]. They 
evaluated 6 mm axial slices and found that  
18 months after full-layer defect suturing, the 
ligament width was restored, thickness increased 
by 42.5%, and its structure approached normal. 
The authors did not assess patellar ligament 
length, using the contralateral joint as a control. 
Our data from a prospective study were similar, 
though we were able to use thinner (3 mm) slices 
to measure each patient’s patellar ligament 
dimensions (length, width, and thickness at 
various levels) before surgery and compare them 
12 months after harvesting.

In 1994, D. Kohn and A. Sander-Beuermann 
detected defects between unsutured ligament 
bundles via ultrasound two years after surgery. 
Additionally, 36% of patients exhibited painful 
bone spurs at the patella apex resulting from 
patella reconstruction with bone chips [32]. 
Our data include MRI images from patients at 
longer postoperative intervals. In all cases where 
patellar ligament bundles were not sutured 
after harvesting, the ligament consisted of 
two bundles with a clearly visible defect filled 
with unorganized scar tissue. In Group 2, we 
reconstructed patellar and tibial tuberosity 
defects with cancellous autograft after suturing 
the patellar ligament bundles. CT scans  
performed the day after surgery and at 6 months 
revealed no signs of bone fragment migration, 
patellar spurs, or ligament ossification. Bone 
fragments fused with the defect’s bone bed where 
placed. Dense contact of sutured bundles and 
peritenon suture over bone graft areas appeared 
to aid in retaining bone fragments within the 
bone bed.

In 1995, E. Adriani et al. studied open and closed 
patellar ligament donor sites via ultrasound and 
radiography at 3-12 months [34]. Vertical patellar 
position slightly decreased with no differences 
between groups. In the open-defect group, 
ultrasound showed a “binocular” pattern of two 
ligament bundles with a hyper-echoic bridge, 
while in the closed-defect group, echogenicity 
normalized within a year. Our radiological  
patellar position ratio data showed no group 
differences postop, indicating that patellar 
ligament bundle suturing did not shorten the 
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ligament. Our data confirmed that cross-suturing 
did not affect patellar height, and minimal 
changes in ligament length were observed  
at 12 months.

Large incisions over the patellar ligament 
often damage subcutaneous femoral nerve 
branches, causing persistent neuropathy in 
the lower leg, manifesting as discomfort when 
walking on knees [13, 15, 33]. To reduce donor 
site problems, less invasive graft harvesting 
techniques were proposed: small horizontal 
or vertical incisions, ligament body isolation 
without cutting the fascial sheath and 
peritenon [6, 13, 15, 33]. Preserving peritenon  
integrity was thought to maintain bundle 
contact and improve donor site vascularization. 
In 1999, J. Kartus et al. compared open and 
minimally invasive harvesting [42]. They found 
that two years post-surgery, patellar ligament 
bundle gaps were smaller with subcutaneous 
techniques. In our study, the minimally invasive 
technique was also used for Group 1, but no 
spontaneous defect healing was observed 
on MRI; the unsutured ligament remained 
fragmented long-term.

Long-term pathological changes in donor site 
tissues identified via MRI, ultrasound, and biopsy 
[39, 42, 43] have led to warnings against repeated 
graft harvesting from this site and prompted 
broader use of alternative graft sources. Later 
publications primarily compared clinical 
outcomes of different grafts, noting relatively 
more frequent anterior knee compartment 
problems after ACL reconstruction with patellar 
ligament grafts [1, 3]. No definitive technique 
for optimal graft harvesting and ligament 
and bone defect closure has been established  
[5, 12, 14]. Some recent reports suggest that 
modern ACL reconstruction techniques using 
patellar ligament grafts may cause fewer 
complications, attributed to improved evaluation 
systems and refined surgical techniques [7].

This study focuses on the patellar ligament 
and the in-vivo assessment of postoperative 
changes in the donor site after different graft 
harvesting techniques. The common factor in the 
retrospective-prospective study was identical 
rehabilitation protocols, including brief (up to 
3 days) full-extension immobilization, manual 
patella mobilization, early knee joint mobility 
restoration, and walking initiation.

MRI data analysis in the retrospective group 
revealed no spontaneous complete healing of 
ligament and bone defects. Forces exerted during 
rehabilitation did not maintain contact between 
ligament bundles. All patients developed 
persistent ligament and bone defects filled with 
unorganized scar tissue. We observed restoration 
of ligament integrity, shape, and width only at 
the ligament and peritenon suture sites.

In the prospective group, donor defects 
were closed with full-layer ligament sutures, 
with peritenon closure over the suture line. 
Measurements of patellar ligament dimensions 
before and after surgery, as well as postoperative 
MRI at 12 months, showed that despite early 
mobilization, sutures maintained tight bundle 
contact without deforming the ligament. During 
healing, the patellar ligament restored its 
preoperative width after harvesting a 10-12 mm 
graft strip and became a unified structure. Its 
length was slightly reduced without pathological 
patellar height lowering. Thickness moderately 
increased at 12 months postoperatively.

Full-layer suturing of the patellar ligament 
edges at attachment sites isolates the bone 
bed from ligament defects, preventing possible 
bone fragment migration from the grafting site 
during early physical activity. Dynamic CT scans 
demonstrated that by 6 months postoperatively, 
both cancellous bone columns (in the patella) 
and bone chips (in the tuberosity) fused with 
defect walls, without resorption or migration. No 
signs of heterotopic ossification were observed 
one year postop. 

study limitations
The limitations of this study include, first and 
foremost, the lack of analysis of the correlation 
between changes in the patellar tendon and 
the severity of clinical problems at the donor 
site. Unfortunately, accurate comparison of the 
patient groups observed in our study was not 
possible due to significant differences in ACL 
reconstruction techniques. Therefore, we focused 
on an objective assessment of changes in the 
patellar tendon and identifying conditions for 
more complete defect healing.

Secondly, the observation period for the 
prospective patient group was minimally 
sufficient for drawing reliable conclusions, as 
the process of reparative regeneration generally 
concludes within this timeframe. 
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Prospects
To observe potential changes in the patellar 
tendon over longer periods in this patient sample. 

ConClusions
Minimally invasive harvesting of grafts from 
the middle third of the patellar tendon, with 
preservation of the fascial sheath and suturing 
of the tendon bundles only at their ends, leads 
to the formation of persistent tendon and bone 
defects. Full-layer suturing of the tendon bundles 
and peritenon, along with the reconstruction of 
defects using cancellous bone autograft, creates 
more favorable conditions for donor site healing. 
Osteoplastic closure of patellar and tibial 
tuberosity defects occurs by 6 months postop. By 
12 months postop, the patellar tendon becomes a 
unified structure, regaining shape and size close 
to its preoperative state. 
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