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Abstract
Background We analyzed the clinical and radiographic evolution of patients with knee unicompartmental osteoarthritis 
and axis alteration and osteochondral lesions in the femoral condyle, treated with tibial plateau and meniscus allograft and 
cultured autologous chondrocyte implantation in the femur in two steps.
Purpose To analyze the clinical results with the first patients treated with this two-stage technique to avoid knee prosthesis 
in patients with unicompartmental osteoarthritis.
Material and methodology Sixteen patients, average age 56 years, were included in a cohort study. We performed an oste-
otomy with tibia plateau allograft, including the meniscus. In a second surgery, the chondrocyte fibrin scaffold was placed 
in the femur. Clinical symptoms and function were measured using KSSR and KOOS scores. Wilcoxon’s test was performed 
to compare the results over the 2-year follow-up period.
Results Mean KSSR before surgery was 35.69 (SD: 3.75) points, rising to 67 (SD: 15.42) at 3 months, 95.88 at 12 months 
(SD: 2.68) and 96.31 at 24 months (SD: 2.24). The KOOS before surgery was 65.14 (SD: 16.34), rising to 72.68 after 
3 months (SD: 19.15), 76.68 at 12 months (SD: 18.92) and 64.28 at 24 months (SD: 11.79). Four of 5 patients returned to 
engaging in the activity that they had stopped practicing. Three patients experienced collapse of the tibia allograft, and they 
needed later a prosthesis.
Conclusions Simultaneous tibia plateau allograft and autologous chondrocyte implantation in the femur, after correction of 
the angular deformity, were performed, restoring the anatomy of the medial compartment and knee function in 82% of the 
patients 2 years after the operation.
Level of evidence IV.

Keywords Knee · Unicompartmental osteoarthritis · Meniscus allograft · Autologous chondrocyte implantation · Allogenic 
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Introduction

Degenerative unicompartmental disease of the knee may 
be caused by meniscal lesions, ligament instability, mala-
lignment and, occasionally, by the development of the 
so-called post-meniscectomy syndrome. Controversy sur-
rounds the treatment, and various surgical interventions 
have been proposed, ranging from arthroscopic treatment 
to total—or unicompartmental arthroplasties of the knee 
[1]. The most frequent surgical techniques used to resolve 
this problem are tibia [2, 3] or femoral osteotomies [4], 
which have been described as an effective method for 
resolving degenerative afflictions of the unicompartmen-
tal knee [5], and which are intended to correct the altered 
biomechanics of the affected knee compartment. These 
treatments are not definitive but can provide a level of 
functionality and relief from symptoms such as pain [6, 
7]. Unicompartmental arthroplasty represents a therapeutic 
option although, as with any other treatment, it should be 
carried out only in suitable patients and should include 
therapeutic options for articular rescue. Surgical treat-
ment can also include prosthetic substitution or total joint 
replacement.

For young adult patients in whom the surgical or medi-
cal indications permit, there are other options, such as fresh 
osteochondral allografts, recommended in selected cases 
of unicompartmental osteoarthritis (UOA) [8]. We propose 
biological surgery for young people with unicompartmental 
osteoarthritis, taking advantage of the experience of bone 
and meniscus transplants, with long experience in the lit-
erature [9–13] and acceptable results, the replacement of the 
tibial plateau with the meniscus from the bone bank and the 
repair of the injured cartilage in the femoral condyle with 
biological regeneration techniques. Combining both allows 
avoiding the degenerative process and giving a normal 
function to the knee, allowing physical activity and avoid-
ing definitive implants that, surely, will have to be changed 
on several occasions. Furthermore, this technique does not 
close the door to other future treatments.

The main objective of using fresh structural osteochon-
dral allograft is to allow the transplantation of a carti-
laginous structure with a normal architecture. Once this 
has been placed in the articular microenvironment, it will 
produce and maintain the extracellular matrix. In addi-
tion to their applications in tumor rescue surgery, fresh 
osteochondral allografts of the knee are indicated in joint 
defects, in lesions < 2 cm2, or the reconstruction of trau-
matic defects in the tibia plateau, the condyle of the femur 
or patella, in osteonecrosis of the femoral condylar or tibia 
plateau, and in osteochondritis dissecans.

The fresh osteochondral allografts utilized currently 
in the reconstruction of the knee joint are generally only 

applied in post-traumatic reconstructions [14–17]. How-
ever, there are publications that describe various methods 
for preserving the length of the limbs and for filling bone 
defects after tumor resection, including structural or cor-
tical allografts or a combination of an allograft with a 
prosthesis [17, 18].

The objective of our study was to analyze the clinical and 
radiographic evolution of patients with UOA, alteration of 
the biomechanical axis and femoral osteochondral lesions 
who were treated with a tibia plateau allograft including 
the meniscus, and in a second stage, a transplantation of 
cultured chondrocytes was embedded in a fibrin scaffold for 
the femoral osteochondral lesion.

Materials and methods

Through a cohort study, we included 16 patients, who were 
informed of the benefits and possible adverse effects of the 
intervention, and who each signed a letter of informed con-
sent. The study was carried out over the period comprising 
March 2008–March 2015, and the protocol was approved by 
our local Ethics Committee. Informed consent was obtained 
from all individual participants included in the study.

Sixteen patients (9 males and 7 females), with a mean 
age of 56 (SD: 6; range 64–47) years, an average weight 
of 78.2 (SD: 6.48; range 88.3–66.4) kg, a mean height of 
169.3 cm and an average body mass index (BMI) of 26.8 
(SD: 1.02; range 29.4–25.4) kg/m2 at 24-month follow-up, 
were included in the study.

All the patients included in the study presented a clinical 
and X-ray diagnosis of UOA, were over legal age and had 
the possibility of withdrawing from the study if he/she con-
sidered it necessary. Excluded from the study were patients 
with clinical or radiographic evidence of joint instability, 
active joint infections, varus or valgus deformity ≥ 12°, OA 
in more than one compartment, rheumatic diseases, colla-
gen diseases, idiopathic synovitis or crystal arthropathy. The 
variables included pain, measurement of the biomechanical 
axis, graduated functionality measured with Knee Osteoar-
thritis Outcome Score (KOOS), Knee Society Score Rating 
(KSSR), functional scales (flexion–extension, comorbid-
ity, complications and radiographic measurements). All the 
variables were graduated preoperatively and at 3, 12 and 
24 months.

Plain X-ray studies were conducted on the selected 
patients, including anteroposterior, lateral and full X-ray 
of the lower limbs to determine the state of the joint com-
partments. The anatomical and biomechanical axis and the 
leg alignment were also clinically determined, and this was 
complemented by a physical examination. Ligament stability 
was evaluated through assessment of the lateral and medial 
collateral ligaments, and the anterior and posterior ligament 
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with the classical clinical draw maneuvers. The dimensions 
of the allografts were determined using an anterior–posterior 
and lateral X-ray. The measurements obtained were corre-
lated with direct measurement of the donor’s tibia plateau. 
In all cases, we ensured that the sex of the donor coincided 
with that of the host, and that their height was as compatible 
as possible.

In the allograft selection, the donor selection process 
follows an exhaustive protocol that is strictly based on the 
standard guidelines and procedures established by the Amer-
ican Association of Tissue Banks (AATB), including a sero-
logic and molecular profile of the donor and the allografts 
derived from male or female donors aged between 18 and 
40 years. The meniscal allografts presented no lesions, and 
the chondral surface showed no signs of OA.

Once procured, the fresh osteochondral allografts were 
processed under strict sterile cleanroom ISO-5 conditions 
in the Blood and Tissue Bank. Mechanical cleaning was 
performed for soft-tissue removal, and the allografts were 
also submitted to pressure on the bony part for the removal 
of bone marrow remnants. The tissues were stored at a tem-
perature of 4º C, maintained in culture medium (Optimem™, 
Invitrogen Cat. No. 31985) and were transplanted within no 
more than 14 days of their procurement.

The collection and culture of the joint cartilage cells 
included procurement, in which the cells were obtained 
from an osteochondral biopsy taken from a non-weight-
bearing zone of the knee, in the intercondylar notch. The 
biopsy included joint cartilage and a minimum of 0.5 cm 
of spongy bone. The sample was immediately placed in a 
sterile container with 10 cc of saline solution, to which we 
added 80 mg of Gentamicin. The container was sealed, pro-
tected from exposure to light and transferred to the Tissue 
Engineering Laboratory of the Bone and Tissue Bank. The 
process of cellular extraction and culture was developed 
under sterile conditions in a B2 Laminar Flow Biohazard 
Hood® (Baker Company). The cartilaginous tissue obtained 
from the biopsy was sectioned into small fragments approxi-
mately 1–3 mm3 in size, avoiding dehydration of the sample. 
The cartilage fragments were treated, for 30 min, at 37º C 
with Trypsin/EDTA 0.25%™ (Invitrogen Cat. No. 31985) 
for digestion of the cartilaginous matrix. Afterward, they 
were treated, for 45 min, with type II collagenase (Invitrogen 
Cat. No. 17101015), at 37 °C, at a concentration of 20 mg/
ml, with continuous shaking. Once the digestion time had 
elapsed, the non-digested fragments were submitted to a new 
process of enzymatic digestion for another 90 min of diges-
tion; after this, the medium was centrifuged for 5 min (Meg-
afuge™ R10R) at 1300 rpm, and the chondral cells were 
recovered by precipitation. Subsequently, these were washed 
various times with DEM® culture medium (GIBCO Cat. No. 
21063-029) supplemented with 10% of autologous serum 
obtained previously from the patient. To this, we added 

50 μg/ml of Gentamicin and Amphotericin B 5 μg/dl. The 
cultures were maintained under a controlled atmosphere at 
a concentration of  CO2 5% and a relative humidity of 100%, 
at 37º  C (in a SANYO MCO-20AIC  CO2Incubator™). 
Chondrocyte proliferation was monitored using an inverted 
microscope (Axiovert 40C; Carl Zeiss). A change of medium 
was performed every 72 h. When the monolayer cultures 
reached a cellular confluence of between 70 and 80%, the 
cells were washed with GEY® saline solution (Sigma Cat. 
No. 01-919-1) and treated with Trypsin/EDTA 2.5%™ (Inv-
itrogen Cat. No. 25200) for 5 min for the cells to detach from 
the surface. The cells obtained were resuspended in 15 ml 
of fresh culture medium, which was subsequently divided 
into subcultures with a lesser cellular density, permitting 
the chondrocytes to continue to proliferate. After the third 
subculture and with a cellular density obtained of 15 × 106 
cells, the cells were distributed into 75 mm2 monolayer cul-
ture flasks. We used PCR to confirm that the culture did not 
dedifferentiate.

On obtaining the cellular population desired, the cells 
were newly washed with the GEY saline medium (Sigma) 
and submitted to a new digestion with Trypsin/EDTA 
2.5%™ (Invitrogen, Cat. No. 25200) for 5 min, and to be 
de-adhered from the monolayer, they were later centrifuged, 
obtaining a cell pellet, and were included in a tridimensional 
(3D) matrix; the latter was supplied by the Biochemistry and 
Molecular Medicine Department. This matrix is produced 
based on the combination of protein-glutamine gamma-glu-
tamyltransferase (stabilizing factor of the fibrin clot) 50 IU 
and fibrinogen 120 mg, which was mixed with a preparation 
based on thrombin of 4 U/ml, a calcium chloride solution of 
40 mmol and a fibrinolysis inhibitor of 3000 IU/ml.

Once the components were mixed, a 5 ml matrix was 
obtained in a semiliquid state in which the cultured cells 
were included; subsequently, the matrix with the cells 
included was inverted into an acrylic-compound mold 
composed of the following two parts: first, the bottom, into 
which the matrix was emptied (2.5 ml). Then, into the mold, 
which already contained one half of the matrix, was placed 
a cellulose mesh, which was biodegradable and completely 
innocuous for the cells included. After the mesh had been 
put in place, the second part of the acrylic mold was placed 
in position; this second part formed a framework above the 
mesh and the remaining one half of the matrix with the cells 
included (2.5 ml). After 5 min, the matrix solidified, yielding 
as a result a solid 12 cm2 implant with autologous chondral 
cells in its constitution (Condrograft®).

Surgical technique

The surgical technique consisted of two procedures. The first 
step was carried out with arthroscopic surgery, with only the 
sample of chondral tissue to be sent for development of the 
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chondrocyte culture and to perform mapping of the zones to 
be grafted. 4 weeks later, a second surgical intervention, a 
mesh of cultured chondrocytes was implanted in the femoral 
condyle (Fig. 1).

The osteochondral biopsy was taken from a non-weight-
bearing site in the intercondylar recess, utilizing an Osteo-
chondral Allograft Transference System (OATS™, Arthrex), 
8 mm diameter. This biopsy was sent to the Tissue and Bone 
Engineering Bank Laboratory to initiate the cellular culture.

Then, a tibial osteotomy was carried out, respecting the 
insertion of the cruciate ligaments. This makes it possible 
to put in place the allograft of the tibia with the meniscus.

Prior to conducting the tibia plateau osteotomy, a meas-
urement was made of the plain X-ray dimensions of the 
donor and of the receiver to ensure that the precise incisions 
in the tibia allograft are made to put it in place with anatomi-
cal accuracy. Once a medial arthrotomy with patella inver-
sion toward the lateral had been performed, the tibia plateau 
was visualized by making an incision by the same technique 
utilized for performing a unicompartmental arthroplasty, 
with the depth necessary. The insertion of the medial col-
lateral ligament and the cruciate ligaments was respected.

Fluoroscopy or a plain X-ray control can be employed 
during the performance of this procedure.

Two Kirschner 0.062 mm wires can be used as parallel 
guides to calculate the depth and inclination desired for the 
tibia plateau resection, situated at the most central point. 
These also act as a guide to determine the vertical level of 
the tibial resection and the anterior–posterior direction of 
the incision. The horizontal and vertical cuts were made 
with an orthopedic oscillating saw. When the tibia osteotomy 
had been carried out, the osteoarthritic tibia plateau was 
removed.

Based on previous X-ray measurement, an incision 
line was drawn with a surgical marker in the tibia allo-
graft, and millimeters were added based on the prior X-ray 

measurements in the medial region of the allograft to correct 
any previous varus deformity. This was because when the 
vertical dimensions of the allograft’s medial region were 
increased on putting this in place, the anatomical angle was 
displaced and the varus corrected. If this was the case with 
the lateral tibia plateau with valgus deformity, the valgus 
was corrected.

After the incision was completed, it was established 
whether the allograft size coincided with the actual measure-
ments of the site. The allograft should be 2 or 3 mm higher 
than the latter, considering that during bone integration, 
between 2 and 3 mm in height can be lost in terms of these 
dimensions and that, at the end of repair, it should result in 
the right height in comparison with the contralateral plateau.

Placement of the tibia allograft should be accompanied 
by a flexion maneuver of the knee, with lateral rotation of 
the tibia in the case of medial tibia plateau, ormedial rota-
tion in the case of lateral plateau, so that the greatest part of 
the bone surface is showed for greater facility of allograft 
placement.

Posterior capsule release was necessary when an oste-
otomy was performed. The allograft was carefully placed in 
the reception site, taking care to place the allograft menis-
cus adequately under the femoral condyle. This was placed 
carefully at the reception site by carrying out a gentle flex-
ion–extension of the knee to evaluate a direct inspection. 
If necessary, control under fluoroscopy was carried out to 
verify the correct position of the allograft and, where appro-
priate, adjustments were made to the allograft.

Once the allograft had been adjusted, we proceeded to 
internal fixation. In some cases, we utilized Locking Com-
pression Plate System™ of the Lateral Proximal Tibia 
(LCP™PLT Synthes) or plates in the Tibial (‘T’) fixation 
device (Synthes), or biodegradable screws or interfragmen-
tary screws that were placed parallel to the joint surface. 
Once this step had been concluded, the stability of the allo-
graft was verified with flexion–extension maneuvers and 
tibial rotation. After this step, the arthrotomy was closed 
plane by plane (Fig. 2).

Approximately 4 weeks after the first operation, the cul-
tured chondrocytes were inserted in a 3D mesh (Condro-
graft®). This interval represents the time during which the 
process and culture of the chondral cells taken during the 
first stage of the procedure took place, based on the degree 
of damage to the femoral condyle previously evaluated 
through direct inspection during the initial phase. A mesh 
was requested with the necessary amount of autologous 
chondral cells cultured from the graft according to the sur-
face of damaged cartilage. Sometimes, it was necessary to 
use two meshes.

For implantation, a new arthrotomy was performed above 
the scar of the previous arthrotomy. To expose the femoral 
condyle, damaged chondral tissue was removed in the lesion 

Fig. 1  Schema of the surgical technique. a Once the medial compart-
ment osteotomy was performed, a tibia allograft was put in place with 
integrated meniscus at a greater height in the medial region, thus cor-
recting the varus deformity, increasing the joint space and space for 
the femur. b In a second step, cultured chondral cells were placed
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Fig. 2  a Through a medial arthrotomy, an osteotomy of the damaged 
medial tibia plateau was performed. b The osteotomy of the medial 
tibia compartment with meniscus, c comparison between the dam-
aged medial compartment and the tibia graft with meniscus. d Fixa-
tion of the graft. e Femoral condyle injury. f Autologous chondrocyte 

fibrin scaffold covering the damaged area. g The suture anchors were 
placed in the niche: the suturing of the anchors passed through the 
implant, prior to its placement, and a layer of physiological fibrin 
adhesive was applied to the implant. h The sutured scaffold on place. 
A layer of fibrin adhesive was placed on the joint surface
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zones, delimiting a receptor site of preference with rounded 
borders to create a receptor niche for the mesh.

A delimitation of the lesion sites was performed up to the 
subchondral zone to form a Condrograft™ receptor niche. 
Once the receptor site was well defined, the team proceeded 
to the placement of a mold with a sterile aluminum sheet 
in the ready delimited and drilled lesion zone. This mold 
helped us to design and calculate the form and size of the 
Condrograft™ to be cut.

Then, the Condrograft™ mesh was set in place and, in 
the defect, verification was performed concerning whether 
the design of the morphology and size coincided with those 
of the defect.

To ensure that the mesh was correctly positioned, we uti-
lized a suturing technique with suture anchors and absorb-
able or non-absorbable material  (FASTakTM2.4 suture 
anchors, Arthrex, FiberWire™ and absorbable suture (PDS, 
3-0 Vicryl).

The suture anchors were placed along the borders of the 
lesion and were screwed into the bone tissue of the receptor 
niche; the suturing of the anchors passed through the implant 
that had already been cut to the size of the receptor niche. 
This in turn could be fixed through perforations effected 
through the condyle toward the lateral or medial regions 
according to the position of the receptor niche, taking care 
that the end of the free-face condyle did not include any 
soft-tissue structure, such as the joint capsule.

Prior to its placement, a layer was applied to the implant 
of Tissucol™ physiological fibrin adhesive (Baxter Inter-
national, Inc.) in the receptor niche. Immediately thereaf-
ter, the Condrograft™ was put in place manually, gently 
pulling the sutures that were tied together as the last step 
in the free facing of the femoral condyle. Subsequently, a 
layer of Tissucol™ was placed on the joint surface and on 
the Condrograft™ borders. After waiting two minutes for 
this to solidify, closure followed through the planes of the 
arthrotomy and the soft tissues. We suggest that drainage 
should not be omitted on completion of the final procedure 
(Fig. 2).

Statistics

Descriptive and statistical frequency for quantitative vari-
ables was performed with Wilcoxon’s test for a sole sam-
ple, Pearson’s correlation and categorical and dichotomous 
variables. We carried out a correlation of Chi-squared and 
Spearman tests. The parametric statistical test with Student’s 
t test was performed for a single sample for the final quanti-
tative results of the KOOS scale, comparing the pre-surgical 
final value of the clinical evaluation and comparing the same 
group after 3, 12 and 24 months. Each one of the variables of 
pain, daily activity, quality of life, walking, climbing stairs, 
sitting and kneeling was also compared, separate of the 

scale. It was taken as meaningful every value greater than 
p > 0.05. Statistical analysis was carried out by the Statisti-
cal Package for the Social Sciences (SPSS) software ver-
sion 15.0 (SPSS Inc., Chicago, USA) and Microsoft Excel 
software version 16.6 (Microsoft Corporation, Washington, 
USA).

Results

The preoperative KOOS scale evaluation (pain, other symp-
toms, function in daily life, function in sports and recreation 
and knee-related quality of life) was 65.14 (SD: 16.34; range 
83.9–36.3) points, which was significantly lower compared 
with the KOOS score at 3 months, which was 72.68 (DS: 
19.15; range 94–35.1) (p = 0,083), 76.68 (DS: 18.92; range 
98.8–40.4) at 12 months (p = 0.059) and 70.28 (DS: 11.79; 
range 76.1–30.3) at 24 months (p = 0.073). No statistically 
significant differences were found on comparing the KOOS 
score during the follow-up (Fig. 3).

The KSSR prior to surgery was 35.69 (SD: 3.75; range 
42–30) points, rising to 67 after 3 months (SD: 15.42; range 
88–42) (p < 0.05), 95.88 at 12 months (SD: 2.68; range 

Fig. 3  a KSSR and b KOOS scores follow-up (mean ± standard devi-
ation) (Gray area corresponds to maximum and minimum values) 
(NS   no significant; * = p ≤ 0.05)
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100–93) (p < 0.05) and 96.31 at 24 months (SD: 2.24; range 
100–94) (p = 0.061), with a positive correlation (r = 0.92) 
(Fig. 3).

When we look at trends in the KSSR and KOOS over 
time, we see that the KSSR showed an improvement after 
3 months that was sustained 1 and 2 years after surgery. 
In the case of the KOOS, the changes were less apparent: 
The results improved in the period between 3 and 12 months 
after surgery, but these positive values dropped in the second 
year.

Integration of the tibia bone allograft was considered 
appropriate when the X-ray study showed that the continuity 
line disappeared between the graft and the host bone tissue. 
On average, this took place at 3 months (Fig. 4).

We found a positive correlation between the variable of 
sex versus varus deformity (r = 0.59; 99% confidence inter-
val, p < 0.05). Correction of the varus deformity was on 
average 6° in comparison with the initial deformity meas-
urement, and 7.5° in the sole patient with valgus deformity.

Five patients engaged in some sports activity (31.2%); of 
these, 4 patients (80%) return to the activity that they had 
stopped practicing.

Four patients developed joint effusion of the knee. Three 
patients experienced collapse of the tibia allograft as fol-
lows: one patient due to an accidental fall, and 2 patients 
due to loss of tibia graft height during the bone integration 
process. They needed later a total knee arthroplasty.

Discussion

Unicompartmental OA of the knee is a relatively common 
affliction whose treatment has been the object of contro-
versy over time. It has been reported that meniscectomy 
clearly alters the biomechanics of the knee joint, but that 
the degenerative changes in the joint cartilage cannot be 
attributed solely to meniscectomy. These changes affect 
all the tissues of the joints and include smaller amounts of 
proteoglycans; changes and alterations have been found in 
the structure of the synthesis rates of collagen and proteo-
glycans in the composition of the synovial fluid [19]. These 
metabolic, structural and biochemical anomalies may well 
be implicated in the development of OA of the knee and 
are widely associated with age, injuries, repetitive wear and 
tear, gender, individual predisposition and obesity [19, 20]. 
Based on these data, our series of patients presented similar 
criteria to those described in previous studies. Their con-
dition involved a degenerative unicompartmental process 
from a prior meniscectomy, in addition to baseline data of 
overweight and the development of varus deformity in the 
knee associated with medial meniscectomy, as well as one 
case of valgus deformity related to lateral meniscectomy, 

such that all patients had UOA with clinical data of pain and 
functional disability [19, 20].

The tibia plateau allograft with integrated meniscus was 
placed in the damaged area of the joint after resection of the 
affected zone. In the case of varus deformity, the height of 
the graft increased in the medial region and, in this manner, 
the varus deformity was corrected, since the increase in the 
allograft’s medial region modified the anatomical axis and 
corrected the varus deformity, thus permitting more uniform 
weight-bearing distribution in the tibia plateau. This proce-
dure could be considered a treatment option for patients with 
an UOA associated with meniscectomy, or in young adults 
to carry out unicompartmental or total joint replacement. 
The results of the functional evaluation, measured using 
the KSSR and KOOS scores, were favorable. The allografts 
were obtained from human cadavers and were available in 
bone banks as fresh frozen bone allografts with reduced 
immunization properties [21–24]. At present, the allograft 
is the treatment of choice to replace bone defects in young 
patients, as has been explained in other studies that utilized 
allograft after massive tumor extirpation [23].

The bone portion of the allograft should support the car-
tilaginous structure and permit the incorporation of the graft 
into the host site. Its function is very different from that of 
the cartilaginous portion. Fresh osteochondral allografts are 
stored at a temperature of 4º C and are maintained in a cul-
ture medium; ideally, they should be transplanted 2–5 days 
after being obtained. This is facilitated by use of molecular 
detection techniques such as Nuclear Acid Testing (NAT) 
and polymerase chain reaction (PCR) to rule out the risk of 
the transmission of infectious diseases. However, depending 
on the bacteriology, some microorganisms may require up 
to 14 anaerobic days of culture under ideal conditions and 
means. In our series of patients, no case of infection pre-
sented after 24 months of follow-up. Studies in experimental 
models related to maintenance under these conditions report 
that the biochemical and biomechanical properties of osteo-
chondral allografts do not alter, and that these maintain the 
viability of the cartilaginous structure [25, 26]. The use of 
conditional cells from the cultured implant is an applica-
tion of biotechnology developed for the treatment of joint 
cartilage focal lesions. Implantation performed using our 
technique of autologous chondrocytes cultivated in lesion 
areas on the femoral surface, in combination with the use 
of the osteochondral meniscus allograft with tibia plateau 
in patients submitted to surgical revision, served as a res-
cue procedure, improving knee function, and in some cases 
allowing the patient’s return to sports activities.

Hurley et al. [9] analyzed 11 studies and 624 patients, 
77.4% returned to sport after meniscus transplantation, of 
which 68.6% returned to the same level they had previ-
ously 9 months after surgery, another shorter series, with 
17 athletes, points to incorporation figures, after a meniscal 
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Fig. 4  Woman, 39 years old, tennis player, a pre-op MRI, b 1 month post-op A-P X-ray, c 1-month post-op sagittal X-ray, d 2-year post-op A-P 
X-ray, e 2-year post-op sagittal X-ray, f 5-year post-op A-P X-ray, g 7-year post-op A-P X-ray, h 9-year post-op A-P X-ray
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transplant, different according to the sport, weightlifting, 
100%; skiing, 100%; running, 66.7%; and basketball, 50% 
[12]. A new approach for our series would be to use syn-
thetic, polyurethane meniscal implants, with good results 
in 87.9% of medial implants and 86.9% of lateral implants, 
although the image presented on MRI is different from that 
of the original meniscus [10].

We are very careful with postoperative rehabilitation, and 
it is true that we must follow a specific postoperative reha-
bilitation protocol that is related to higher success, lower 
revision and lower failure rates for patients undergoing 
osteochondral and meniscal allograft transplantation [13].

There are reports [27] in which patients with high tibia 
osteotomies present clinical improvement and even take up 
sporting activities again; the studies mention that although 
the improvement was maintained, it was lesser in compari-
son with that achieved using implantation of cultured autolo-
gous chondrocytes. Biopsies were carried out in patients 
with implantation of cultured autologous chondrocytes 
programmed for removal of osteosynthetic matter, and a 
four-layer pattern was detected: a fibrous periosteal layer; 
a layer of transition tissue; and a well-integrated layer of 
subchondral bone of hyaline cartilaginous tissue by means 
of a calcified layer [28–30]. Our study, although reflecting 
an unusual surgical technique, about which there are very 
few publications, opens up another treatment possibility for 
some patients with a correct indication. The chondral-cell 
culture in a 3D scaffold in femur or patella, together with 
the placement of an autologous tibia bone graft, could well 
become an alternative treatment for patients with advanced 
knee UOA. It could avoid the need for metal arthroplasty 
in young adult patients with daily life activities requiring 
greater mobility, in whom the placement of a metallic-knee 
total arthroplasty should be delayed and may even prevent 
premature loosening of the implant when greater mobility 
is needed. With our technique, we maintain the anatomy, 
elasticity and biology of the function of the cartilage and its 
weight-bearing distribution, sustaining the biomechanics of 
the knee in a manner that is similar to the natural tissues, and 
delaying the need for placement of a rigid implant, such as 
a traditional metal-knee total arthroplasty. The limitations 
of this study include the need for a second, longer clinical 
follow-up to ratify the results and the need to validate these 
results independently. A comparative study should be car-
ried out to evaluate the effectiveness of the technique and to 
describe the adverse effects, benefits and complications in 
the medium and long term through a controlled clinical trial. 
It would be useful to verify the long-term findings of the 
study by Getgood et al. [28], who conclude in a retrospective 
study that treatment with combined osteochondral allograft 
and meniscal allograft represents a viable option in patients 
with complex knee injuries, but that the clinical results 
obtained using this procedure lead to a high percentage of 

surgical reoperation. Another study [31] showed significant 
improvements in the clinical result scores and good durabil-
ity with successful results in 75% of patients, similar per-
centage to the 82% found in our case series. We observed an 
improvement measured using clinical scores, and the KSSR 
scores showed sustained improvement over 2 years, while 
the KOOS scores improved in the first year and then stabi-
lized. This result was mainly due that 4 patients’ condition 
deteriorated; although none of the others obtained the high-
est score, they did maintain a better clinical condition and 
knee function than before surgery.

Finally, unicompartmental knee arthroplasty (UKA) 
offers good results if the patient is well selected and if the 
operative technique and the design of the prosthesis are 
adequate [32]. Young patients under 60 years [33], over-
weight, over 80 kg, heavy duty and cartilage-free patients 
(Outerbridge 4) in the patellofemoral joint [34] have been 
considered contraindications. However, it is not a easy tech-
nique [35] which, of course, has its potential complications 
such as dislocation of the mobile-bearing surface, prosthesis 
loosening and periprosthetic fracture [35]. Revision surgery 
requires, in many cases, conversion to TKA, although to 
avoid reconversions it is for surgeons to use UKA for at 
least 20% of their knee arthroplasties [36]. However, TKA 
converted from medial UKA has a threefold higher risk of 
revision when compared with primary TKA [37].

It should not be forgotten that the upper tibia osteotomy 
(HTO) offers better physical activity in young patients, while 
the UKA is indicated in older patients due to its shorter reha-
bilitation time and faster functional recovery [38].

Another limitation of the present study is the small 
number of patients; however, these patients were carefully 
selected and had very precise indications. Nonetheless, the 
follow-up period should be longer, preferably extending to 
5 years, with a full examination to determine the definitive 
value of using this technique and to define the indications 
more closely. We were not able to use MR to assess the state 
of the cartilage, as a metal osteosynthesis was used. The 
patients were homogeneous in terms of indications, but they 
varied greatly and had widely differing objectives.

Also, a limitation is that, as Searle et al. [11] follow-
ing MAT, 40% were dissatisfied with type/level of sport 
achieved, but only 14% would not consider MAT again and 
shows that the disparity between ‘clinical failure’ and ‘surgi-
cal failure’ outcomes means these terms may need redefining 
using a specific meniscal autologous transplantation scoring 
system.

On the positive side, even though this is a demanding 
operation requiring a high degree of coordination, we must 
state that it provides immediate pain relief, improves limb 
function and allows most patients to lead an active life.

Our technique should not be considered as a base of 
a primary surgical indication, it has been designed as a 
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technique of joint salvage or prolongation of joint life 
prior to the use of a total or unicompartmental knee arthro-
plasty, and it requires of precise indication as a unicom-
partmental osteoarthritis, likewise younger active patients 
which functional life is limited by this issue, having in 
mind that in the case of a failure in the procedure, there 
is always an osseous substrate adequate for joint replace-
ment. The reason for combining a osteochondral allograft 
with a MACI (Matrix Autologous Chondrocyte Implant) 
is that the knee is a complicated joint and the asymmetry 
between the femoral condyle and the tibial plateau makes 
the use of MACI on the two articular surfaces unfeasible.

Simultaneous tibia allograft and autologous chondro-
cyte implantation in the femur, after correction of the 
angular deformity, led to full integration, restoring the 
anatomy of the medial compartment and the knee function 
in 82% of the patients 2 years after the operation.
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