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The fact is that the articular cartilage and
underlying bone are tightly combined and
should be considered as one osteochondral ana-
tomical and biomechanical unit, treatment of
osteochondral defects should be addressed to
restore both cartilage and subchondral bone
stock.

Deep osteochondral defects should be treated
with surgical techniques which reconstruct
either bone or chondral layers of the defect.
Authors propose to divide currently used meth-
ods into four groups: osteochondral transfers,
biologic, hybrid, and synthetic reconstruction
methods. The type of reconstruction method
implies specific postoperative treatment, and so
more important, a rehabilitation protocol should
be individually modified. In our opinion, the
best way for proper controlling of the osteo-
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after osteochondral regeneration procedure are
followed with the monitoring MR protocol after
3 or 6 weeks subsequently 6 and 12 months
postoperatively. Depending on the bone layer
with subchondral lamina quality, patients might
be allowed for more physical activity or
restricted within. In cases of the slow matura-
tion process, physicians may modify pharmaco-
therapy or/and physiotherapy.

47.2 Osteochondral Defect
Reconstruction: Current
Clinical Procedures

The subchondral bone of lower elasticity is
normally present to absorb the forces generated
during weight-bearing, protecting the cartilage
layer. In fact, surgical treatment should always aim
to reestablish the joint surface in the most anatom-
ical way possible. Respectively, after cartilage
repair, the regenerative tissue needs support from
healthy subchondral bone; otherwise, the overly-
ing cartilage repair will fail. This supporting bone
should be strong and elastic [1]. Focal osteochon-
dral defects of the lower limb joints have to be
considered for the bone layer reconstruction before
chondral layer addressing when the depth of the
bone defect is over 2 mm. However, most of the
bioengineered tissues used in clinical practice
were designed to promote healing of the cartilage
layer only but do not regenerate the bone [2].

The spectrum of treatment of the osteochon-
dral lesions is comprised of several techniques
including the use of osteochondral allografts,
autologous bone and osteochondral grafting, and
cell-based implants. Small to moderate lesions
can be treated by implantation of autologous
osteochondral grafts (OATS) to address both the
osseous and cartilaginous defects [3]. This tech-
nique in an excellent way restores both the bone
bed and overlying hyaline cartilage, and the clini-
cal results described in literature are very encour-
aging [4]. Nevertheless there are some concerns.
The procedure is demanding and surgical experi-
ence is required to achieve a good result.
Incongruity of the articular cartilage following
osteochondral transplantation, especially after

mosaicplasty, affects surface contact pressure [5,
6]. Besides, appropriate choice of the donor site
is crucial to better match the recipient site [7].
The biomechanical perturbations caused by
osteochondral alterations substantially alter pat-
tern and magnitude of contact pressures and car-
tilage load in the joint. The preferred treatment
for OCD lesions and osteochondral fractures is
primary osteosynthesis. If the chronic, sclerotic
OCD lesion or comminuted osteochondral frac-
ture cannot be repaired in that way reconstruction
of the defect, the bone grafting and concomitant
or staged cartilage repair can be performed. Iliac
crest bone graft is most commonly used for bone
autograft; however, this harvest site is often asso-
ciated with postoperative pain. The use of autolo-
gous cancellous bone from the proximal tibia or
distal femur through a cortical window, fre-
quently through the same skin incision, results in
excellent outcomes [8]. For smaller defects, there
is no need for additional fixation of the graft
material. In larger defects, a layer of fibrin glue is
commonly added. The procedure can be per-
formed with collagen matrix coverage, to pro-
mote chondrogenesis on the bone graft surface.
This was first described by Peterson et al. and
called “sandwich technique” [9]. Moderate to
larger-sized defects can be treated using this
technique. There are many ways for the restora-
tion of the superficial layer of the osteochondral
defect in the sandwich technique. In the last
25 years, first- and second-generation autologous
chondrocyte implantations have emerged as a
promising therapeutic option, and many trials
have confirmed the good clinical results of these
treatments [2]. The subchondral bone stock resto-
ration together with matrix-assisted chondrocyte
implantation (MACI) as well as some others like
bone marrow aspirate concentrate with hyal-
uronic matrix (HA-BMAC) uses tissue engineer-
ing technology to create a cartilage-like tissue in
a three-dimensional architecture [10]. It could be
performed either as an open surgery or so-called
dry arthroscopy [11]. Indications for osteochon-
dral allograft transplantation include osteochon-
dritis dissecans (OCD), the revision of failed
prior cartilage repair procedures. This technique
allows replacement of the entire osteochondral
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unit, thus avoiding the potential negative effects
of altered subchondral bone on cell-based ther-
apy procedures. An optimal defect to treat with
osteochondral grafting is lesion larger than
3-4 cm?, localized in the femoral condyles.
Kissing lesions are relative contraindications,
and the result of surgery is less predictable.
Specific complications include the risk of disease
transmission (HIV, hepatitis), which is estimated
at less than 1:150000. Midterm follow-up studies
have demonstrated survival of more than 80% of
grafts at 3-10 years [12]. Large osteochondral
defects of the femoral condyle can be treated by
transplantation of the autologous posterior femo-
ral condyle — mega-OATS [13]. Some authors
support data for synthetic biphasic scaffolds,
which they believe to reproduce the different bio-
logical and functional requirements for guiding
the growth of the two tissues (bone and cartilage).
New scaffolds with osteochondral regenerative
potential have been developed and evaluated with
promising preliminary results [14—16]. In the
study of Stone et al., with up to 23-year FU, good
clinical results can be achieved with the use of
cartilage paste graft for severe osteochondral
lesions of the knee [17]. In order to provide three-
dimensional autogenous cartilage matrix with
chondrocytes to large defects, an osteochondral
plug is harvested from the intercondylar notch,
crushed into a paste, and impacted into the frac-
tured chondral defect.

Considering similarities of currently used
osteochondral reconstruction methods in clinical
practice, we advocate a four-group classification
as follow:

Group 1 Osteochondral transfers:

— Osteochondral autograft (OATS)

— Mosaicplasty/OATS

— Osteochondral allograft (allo-OATS)

— Massive osteochondral auto- or allografts
(mega OATS)

Group 2 Biologic osteochondral recon-
struction:

— Morselized bone implantation or autologous
bone block implantation (e.g., spongiosa
block from the iliac crest) covered with:

— Autologous matrix-induced chondrogenesis
(AMIC-like procedures)

— Autologous chondrocyte implantation with peri-
osteum (ACI-P), 1 gen. (sandwich technique)

— Autologous chondrocyte implantation with
scaffold (ACI-C), 2 gen.

— Matrix induced autologous
implantation (MACI), 3 gen.

— Bone marrow aspirate concentrate with colla-
gen scaffold

— Bone marrow aspirate concentrate with hyal-
uronic scaffold - HA-BMAC (BIOR)

— Other biological covering

— Morselized autologous osteochondral implan-
tation (PASTA)

chondrocyte

Group 3 Hybrid osteochondral recon-
struction:

— Bone substitute implantation covered with:

— Autologous matrix-induced chondrogenesis
(AMIC-like procedures)

— Autologous chondrocyte implantation with
scaffold (ACI-C), 2 gen.

— Marrow aspirate concentrate with a scaffold

— Other biological covering

Group 4 Synthetic osteochondral recon-
struction:

— Biphase scaffolds (Agili-C®, BioMatrix CRD®,
Trufit®, and others)

— Three-phase scaffolds (MaioRegen®)

47.3 Postoperative Treatment

47.3.1 Postoperative Treatment
after Osteochondral Transfers

The complete postoperative management pro-
gram after OATS includes information about
weight-bearing, immobilization, range of
motion, and expected time until return to previ-
ous activity levels. Patients are kept in a brace
for a maximum of 2 weeks after surgery. During
this period, isometric muscle strengthening
exercises are encouraged [18]. Weight-bearing
exercises are not permitted until 4 weeks after
surgery [18-23]. Subsequently, weight-bearing



590

B. Sadlik et al.

Table 47.1 The rules of postoperative management after osteochondral transfers by the recent publications

Keeping in Return to previous
Author Weight-bearing status brace Range of motion activity
De Caro [24] Related to associated For 4-6 weeks Full immediately In 79% of patients, no
procedures information about time
Solheim [19] Foot touch for at least n/a Full immediately n/a
6 weeks
Full introduced gradually
Ollat [20] Full after 7 weeks n/a n/a In 34 weeks
(7-8 months), rate for
73% of cases
Sadr [21] Full after 4-12 weeks n/a Full immediately Between 4 and
depending on the size of the 6 months
lesion
Imade [18] Not permitted for 4 weeks 2 weeks after  Full after 2 weeks After 3 months
after surgery, full after surgery
8 weeks
Gudas [22] Not permitted for 4 weeks Not used Full immediately Between 4 and
after surgery, full after 6 months
8 weeks
Filardo [23] Progressively after 4 weeks, n/a 90° of flexion until n/a

full at 8 week

is gradually progressed, with full weight-bear-
ing expected by the end of the eighth postoper-
ative week [18, 19, 22, 23]. Range of motion
exercises are allowed immediately after surgery
[19, 21, 22, 24], and closed-chain exercises are
permitted after week 4. Unrestricted activities
of daily living begin between 2 and 3 months
postoperatively [21]. Finally, return to recre-
ational and athletic activities is typically
achieved between 4 and 6 months after surgery
but is only allowed if the lower extremity dem-
onstrates full functional recovery [18, 22, 23].
According to previously published data, the
overall rate of return to previous activities is
88% [24], and the rate of return to previous lev-
els of sport is 73-79% [20, 24]. The general
rules of postoperative treatment in patients after
osteochondral transfer by the recent publica-
tions are presented in Table 47.1.

47.3.2 Postoperative Treatment
after Synthetic Osteochondral
Reconstruction

Early isometric and isotonic exercises are begun
on the second postoperative day, and controlled

2 weeks

mechanical compression is performed [25, 26].
Knee swelling is treated with ice packs that are
applied over the joint for 20 min, four times
per day, after rehabilitation sessions [27].
Neuromuscular electrical stimulation is allowed
in addition to voluntary muscular contractions.
Between 6 and 8 weeks postoperatively, gait
training in a swimming pool is recommended to
restore normal gait. When the patient regains
full knee extension, at least 120° of knee flex-
ion, and has normalized the gait pattern, open
and closed kinetic chain strengthening exercises
are encouraged, within a pain-free range of
motion, together with proprioceptive exercises
and aerobic training. After sufficient strength
recovery is achieved, as evaluated by clinical
examination with performance of a one-legged
hop test 20% compared with the contralateral
limb, patients begin sport-specific training
through eccentric strengthening and advanced
proprioceptive exercises [26]. Progression of
patient rehabilitation may be adversely affected
over the postoperative period by such factors as
fever, joint stiffness, marked swelling, and
bleeding [25-27]. In these studies about treat-
ment of the knee, osteochondral lesions with a
synthetic scaffold showed a promising clinical
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Table47.2 The rules of postoperative management after synthetic osteochondral reconstruction methods by the recent

publications
Author Weight-bearing status
Kon [27] Prohibited or partial with

external distractor, full
between 6 and 8 weeks

Berutto [25] Full introduced gradually
with crutches, till 6 or

8 weeks

Filardo [26] 3-4-week weight

touchdown with crutches

Range of motion
Full immediately

Full immediately

Return to previous activity

Stable at 24 months, but lower
than pre-injury level

Athletes with statistically
significant improvement
compared with the nonathletic
subpopulation at the 2-year

follow-up
Full the second day after Lower but not statistically
surgery significant

Table 47.3 The rules of postoperative management after biologic osteochondral reconstruction methods in the ankle

joint by the recent publications

Return to previous

Author Weight- bearing status Keeping in brace Range of motion activity
Sadlik [28] 0-2 weeks none, next  2-week short ankle Between 2 and After 6-8 weeks:
4-6 weeks partial orthosis, a walker 7 weeks increasingly swimming and
(15 kg), next for 6 weeks when  passive full ROM cycling, after
6-8 weeks malleolus 5-6 months
progressively full osteotomy competitive
depending on MRI
status

Valderrabano [29] First 6 weeks partial
(15 kg), up to
12 weeks progressive

to full

6 weeks

Wiewiorski [30] Partial for 6 weeks

A walker for

Functional orthosis

From max. 20° till After 12 weeks:

6 weeks swimming and
cycling, after
5-6 months
competitive
Max. 30° till 6 weeks n/a

(max 20 kg), full under for 6 weeks

intense physical
therapy progressively

outcome at the short-term follow-up. The activ-
ity level was stable at 24 months, although it did
not reach the pre-injury level [25-27]. Moreover,
the athletic subpopulation showed a statistically
significant improvement compared with the
nonathletic subpopulation at the 2-year follow-
up [26] (Table 47.2).

47.3.3 Postoperative Treatment
after Biologic or Hybrid
Osteochondral
Reconstruction

The rehabilitation protocol after biologic or
hybrid surgical treatment of osteochondral

injury is based on descripted by a surgeon the
size and location of the osteochondral defect
and the contact angle (CA). CA means the
range of the joint motion when the recon-
structed articular surface being in contact with
the opposite surface. This is a very important
information for a physiotherapist which allows
the knowledge for the safe ROM designation in
progression of the exercise. CA is usually use-
ful for the joint knee osteochondral reconstruc-
tion on the contrary to the ankle joint where the
CA includes full range of motion, due to high
congruency of that specific joint. There is
insufficient actual data in terms of rehabilita-
tion protocol for biological osteochondral
reconstructions in the knee. Because this kind
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of treatment is more common in the ankle joint,
there are some current publications describing
rehabilitation protocol for that procedure
(Table 47.3).

In the authors’ experience, the individual reha-
bilitation strategy should be planned with taking
into account four key issues as follow:

— Restricted joint motion within initial graft
integration period as the first 7-10 days, in
order to successfully integrate the graft and to
allow formation of fibrous hematoma on its
interface, after the first period of the graft inte-
gration, progressively increasing of the joint
motion up to full range applying passive
mobilization with the joint distraction.

— MRI monitoring of the graft maturation at 3 or
6 weeks subsequently 6 and 12 months after
the surgery.

— Orthopedic equipment should be individual-
ized depending on the size, location, and CA
of the osteochondral reconstructed defect.

In all cases, the rehabilitation process should
be modified depending on the joint status as
swelling, adhesion, additional procedures or
injures, as well as MRI assessment.

In the first 7-10 days, we recommend limit-
ing joint motion, in order to encourage suc-
cessful integration of the repair tissue and the
formation of fibrous hematoma. After this
period, range of motion exercises are begun in
conjunction with joint distraction. Partial
weight-bearing should begin 4 weeks after sur-
gery, with expected unrestricted weight-
bearing by week 6. It is important for the
physiotherapist to be knowledgeable with
respect to the goal of restoring the anatomic
curvature of the articular surface, as there are
designated safe ROM limitations that progress
over time to address this. To optimize postop-
erative monitoring of the healing process and
formation of repair tissue, it is recommended

that patients undergo MR at 6 and 12 weeks
after surgery. At 3 months, patients progress to
straight-line running, with an emphasis on
strength, endurance, and aerobic training.
Sport-specific training typically begins at
8 months, with expected return to competition
by 10 months postoperatively.

47.4 Summary

Most of the rehabilitation centers use standard
postoperative rehabilitation protocols after the
knee and ankle osteochondral lesion surgical
treatment. Management can be various, depend-
ing on a lesion size and localization, comorbidi-
ties, and a patient age. The late postoperative
management, considering various physical activ-
ities of the patients, should be administered with
functional tests and graft maturation rate in
MRI. Various graft maturation dynamic in MRI
assessment can be seen. There is noticeable
slower graft rebuilding progress in the older
patients. For example, in a 54-year-old man, who
developed lateral condyle OCD, after biological
inlay implantation (30 x 20 x 10 mm), a full
osteochondral graft rebuilding was noticed until
after 18 months in MRI (Figs. 47.1 and 47.2).
Another case of the osteochondral inlay of the
lateral femoral condyle of a 24-year-old soccer
player presents very fast rebuilding of the osteo-
chondral graft allowing return on the field within
6 months postoperatively. The biological osteo-
chondral reconstructions of the talar dome seem
to be slower in the maturation than the knee
which is presented in Fig. 47.3. 46 old female
with the talar dome biological inlay reconstruc-
tion. MRI monitoring of the lesser osteochondral
defects is very useful following conservative
treatment. In some cases, a small OCL can be
visible quickly progress of the defect which
finally has to be treated surgically as the one
shown in Fig. 47.4. In fact, there is no simple way
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Fig.47.1 Remodeling of the biological inlay. MRI evalu-
ation of the right knee of a 54-year-old male regarding the
stepwise remodeling of the subchondral lamina and chon-
dral surface sagittal and coronal scans: (a) osteochondral
defect grade IV of the lateral femoral condyle, preopera-

tively; (b) biological osteochondral inlay, 3 months post-
operatively; (¢) 6 months postoperatively; (d) 18 months
postoperatively; proton density (PD) with or without fat
saturation (FS) (m-SPIRE, 3.0 Tesla digital scanner) and
sagittal and coronal scans
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Fig. 47.2 An example of fast remodeling of the biologi-
cal inlay. MRI evaluation of the left knee of a 24-year-old
male regarding the stepwise remodeling of the subchon-
dral lamina and chondral surface: (a) osteochondritis dis-

femoral condyle,
osteochondral inlay,

secans grade IV of the lateral
preoperatively; (b) biological

3 months postoperatively; (¢) 6 months postoperatively, a
border of subchondral lamina and chondral surface are
clearly visible, bone edema slightly decreased ; proton
density (PD) with or without fat saturation (FS) (m-SPIRE,
3.0 Tesla digital scanner) and sagittal and coronal scans

»
»

Fig.47.3 Anexample of slow remodeling of the biologi-
cal inlay of medial talus. MRI evaluation of the left ankle
of a 48-year-old female regarding the stepwise remodel-
ing of the subchondral lamina and chondral surface: (a)
osteochondral defect grade III of the medial aspect of the
talar dome, preoperatively; (b) biological osteochondral
inlay (asterisk, donor site of a spongiosa bone graft),

shape of the talar dome properly formed (3 months post-
operatively); (c) still proper shape of the talar dome, sub-
chondral lamina not visible yet (12 ~months
postoperatively); (d) subchondral lamina and chondral
layer visible (24 months postoperatively); PD (proton
density) with or without fat saturation (m-SPIRE, 3.0
Tesla digital scanner); sagittal and coronal scans
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Fig.47.4 Natural history of OLT: (a) the first MRI at the
beginning of the ankle pain (2 years before surgery), only
chondral lesion and subchondral bone edema can be seen
on the medial shoulder of the talus; (b) MRI scans
2 months before surgery, chondral lesion and edema
extended and several pseudocysts appeared in the region

of talar edema. MRI 2 months after OLT reconstruction
with BIOR technique; (c) talar dome curvature and struc-
ture were restored; PD (proton density) with or without fat
saturation (m-SPIRE, 3.0 Tesla digital scanner) and sagit-
tal and coronal scans



47 Biological Reconstruction in Patients with Osteochondral Defects: Postoperative Management

597

to perform postoperative treatment and rehabili-
tation in group of patients with osteochondral
reconstruction of the joint, because the biological
processes of grafts are not well known and
uncontrolled in vivo.

Acknowledgments Our acknowledgments go to physio-
therapists — Piotr Kotajny, Bartosz Szruba, and Kamil
Kublin — for their contribution in the rehabilitation proto-
col description.

References

10.

11.

. Peterson L, Minas

. Davies J, Hosseini M. Histodynamics of endosseous

wound healing. Bone Eng. 2000;1:1-14.

. Gomoll AH, Madry H, Knutsen G, van Dijk N, Seil

R, Brittberg M, et al. The subchondral bone in articu-
lar cartilage repair: current problems in the surgical
management. Knee Surg Sports Traumatol Arthrosc.
2010;18(4):434-47.

. Hangody L, Fiiles P. Autologous osteochondral

mosaicplasty for the treatment of full-thickness
defects of weight-bearing joints. J Bone Jt Surg Am.
2003;85(suppl 2):25.

. Gudas R, Simonaityte R, Cekanauskas E, Tamosiunas R.

A prospective, randomized clinical study of osteochon-
dral autologous transplantation versus microfracture for
the treatment of osteochondritis dissecans in the knee
joint in children. J Pediatr Orthop. 2009;29(7):741-8.

. Koh JL. The effect of graft height mismatch on contact

pressure following osteochondral grafting: a biome-
chanical study. Am J Sports Med. 2004;32(2):317-20.

. Koh JL, Wirsing K, Lautenschlager E, Zhang

L-Q. The effect of graft height mismatch on contact
pressure following osteochondral grafting a biome-
chanical study. Am J Sports Med. 2004;32(2):317-20.

. Ahmad CS, Cohen ZA, Levine WN, Ateshian GA,

Mow VC. Biomechanical and topographic consider-
ations for autologous osteochondral grafting in the
knee. Am J Sports Med. 2001;29(2):201-6.

. Moyad TF, Minas T. Opening wedge high Tibial

osteotomy—a novel technique for harvesting autograft
bone. J Knee Surg. 2008;21(1):80-4.

T, Brittberg M, Lindahl
A. Treatment of osteochondritis dissecans of the knee
with autologous chondrocyte transplantation. J Bone
Jt Surg Am. 2003;85(suppl 2):17-24.

Ochs BG, Muller-Horvat C, Albrecht D, Schewe B,
Weise K, Aicher WK, et al. Remodeling of articu-
lar cartilage and subchondral bone after bone graft-
ing and matrix-associated autologous chondrocyte
implantation for osteochondritis dissecans of the
knee. Am J Sports Med. 2011;39(4):764-73.

Sadlik B. et al (2017) Biologic inlay osteochondral
reconstruction (BIOR): arthroscopic one-step osteo-
chondral lesion repair using Morselized bone grafting

13.

14.

15.

17.

18.

19.

20.

21.

22.

23

24.

and hyaluronate scaffold embedded with bone mar-
row aspirate concentrate. Arthroscopy Techniques.

. Garrett JC. Fresh osteochondral allografts for treat-

ment of articular defects in osteochondritis dissecans
of the lateral femoral condyle in adults. Clin Orthop.
1994;303:33-7.

Agneskirchner JD, Brucker P, Burkart A, Imhoff
AB. Large osteochondral defects of the femoral con-
dyle: press-fit transplantation of the posterior femoral
condyle (MEGA-OATS). Knee Surg Sports Traumatol
Arthrosc. 2002;10(3):160-8.

Bedi A, Foo LF, Williams RJ, Potter HG, Cartilage
Study Group. The maturation of synthetic scaffolds
for osteochondral donor sites of the knee an MRI and
T2-mapping analysis. Cartilage. 2010;1(1):20-8.
Verhaegen J, Clockaerts S, Van Osch G, Somville J,
Verdonk P, Mertens P. TruFit plug for repair of osteo-
chondral defects—where is the evidence? Systematic
Review of Literature Cartilage. 2015;6(1):12-9.

. Hindle P, Hendry JL, Keating JF, Biant LC. Autologous

osteochondral mosaicplasty or TruFit™ plugs for car-
tilage repair. Knee Surg Sports Traumatol Arthrosc.
2014;22(6):1235-40.

Stone KR, Pelsis JR, Na K, Walgenbach AW, Turek
TJ. Articular cartilage paste graft for severe osteochon-
dral lesions of the knee: a 10-to 23-year follow-up study.
Knee Surg Sports Traumatol Arthrosc. 2016;12:1-10.
Imade S, Kumahashi N, Kuwata S, Iwasa J, Uchio
Y. Effectiveness and limitations of autologous osteo-
chondral grafting for the treatment of articular carti-
lage defects in the knee. Knee Surg Sports Traumatol
Arthrosc. 2012;20(1):160-5.

Solheim E, Hegna J, @yen J, Harlem T, Strand
T. Results at 10 to 14years after osteochondral auto-
grafting (mosaicplasty) in articular cartilage defects
in the knee. Knee. 2013;20(4):287-90.

Ollat D, Lebel B, Thaunat M, Jones D, Mainard L,
Dubrana F, et al. Mosaic osteochondral transplanta-
tions in the knee joint, midterm results of the SFA
multicenter study. Orthop Traumatol Surg Res.
2011;97(8):S160-6.

Sadr KN, Pulido PA, McCauley JC, Bugbee
WD. Osteochondral allograft transplantation in
patients with osteochondritis dissecans of the knee.
Am J Sports Med. 2016;44(11):2870-5.

Gudas R, Kalesinskas RJ, Kimtys V, Stankevicius
E, Toliusis V, Bernotavicius G, et al. A prospective
randomized clinical study of mosaic osteochondral
autologous transplantation versus microfracture for
the treatment of osteochondral defects in the knee
joint in young athletes. Arthrosc J Arthrosc Relat Surg
2005;21(9):1066-75.

. Filardo G, Kon E, Di Matteo B, Di Martino A,

Marcacci M. Single-plug autologous osteochondral
transplantation: results at minimum 16 years’ follow-
up. Orthopedics. 2014;37(9):e761-7.

De Caro F, Bisicchia S, Amendola A, Ding L. Large
fresh osteochondral allografts of the knee: a system-
atic clinical and basic science review of the literature.
Arthrosc J Arthrosc Relat Surg. 2015;31(4):757-65.



598

B. Sadlik et al.

25.

26.

217.

Berruto M, Delcogliano M, de Caro F, Carimati G,
Uboldi F, Ferrua P, et al. Treatment of large knee
osteochondral lesions with a biomimetic scaf-
fold results of a multicenter study of 49 patients
at 2-year follow-up. Am J Sports Med. 2014;42(7):
1607-17.

Filardo G, Kon E, Di Martino A, Busacca M, Altadonna
G, Marcacci M. Treatment of knee osteochondritis
dissecans with a cell-free biomimetic osteochondral
scaffold clinical and imaging evaluation at 2-year
follow-up. Am J Sports Med. 2013;41(8):1786-93.
Kon E, Filardo G, Venieri G, Perdisa F, Marcacci M.
Tibial plateau lesions. Surface reconstruction with a
biomimetic osteochondral scaffold: results at 2 years
of follow-up. Injury. 2014;45:S121-5.

28.

29.

30.

Sadlik B, Kolodziej L, Blasiak A, Szymczak M,
Warchal B. Biological reconstruction of large
osteochondral lesions of the talar dome with a modi-
fied “sandwich” technique—midterm results. Foot
Ankle Surg 2016.

Valderrabano V, Miska M, Leumann A, Wiewiorski
M. Reconstruction of osteochondral lesions of the
talus with autologous spongiosa grafts and autologous
matrix-induced chondrogenesis. Am J Sports Med.
2013;41(3):519-27.

Wiewiorski M, Leumann A, Buettner O, Pagenstert G,
Horisberger M, Valderrabano V. Autologous matrix-
induced chondrogenesis aided reconstruction of a
large focal osteochondral lesion of the talus. Arch
Orthop Trauma Surg. 2011;131(3):293-6.



