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Abstract The only way to show the healing potential in
hyaline cartilage after the treatment of tibial plateau
fractures in humans is the second-look arthroscopy. Our
aim is to examine the healing potential of the hyaline
cartilage in tibial plateau fractures treated with
arthroscopy-assisted surgery. We applied second-look
arthroscopy to the 12 patients out of 52 who had tibial
plateau fractures treated by arthroscopy-assisted surgery. The mean age was 41. The tibial plateau fractures
were classified according to Schatzker classification.
The period between the primary surgical treatment
and second-look arthroscopy was on an average of
19 months. Step-off was detected in 3 out of 12 patients.
Hyaline cartilage of nine patients who did not have stepoff was found obviously on the fracture line. None of
them had displacement. Three patients out of 12 were
above 50 years old and the average follow-up period was
26 months. Grade II–III chondral defect was detected
on the fracture line and femoral condyle in patients
above 50 years. For patients below 50 years old, the
follow-up period was 21 months and grade I–II chondral
defect was detected on the fracture line and femoral
condyle. Until now in literature, tibial plateau fractures
have been evaluated clinically and radiologically, but in
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our cases we directly saw the lesion. Cartilage healing is
limited in human beings. On the fracture line, cartilage
defect continues, although anatomic reduction has been
achieved. Moreover, if there is step-off, insufficient
healing potential appears. Although we did not have
enough cases, we can say that in tibial plateau fractures
anatomic reduction is mandatory. Contrary to the
common idea, step-off is not tolerated by hyaline
cartilage.
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Introduction
Fractures of tibial plateau constitute 1% of all fractures
[16]. Though they are seen rarely, the relationship with
the knee makes them important. They should be
treated well to obtain optimal knee function. Articular
incongruity and joint instability are leading causes of
posttraumatic arthritis [18]. For this reason, the aim of
the treatment of intra-articular fractures is to obstruct
posttraumatic arthritis. Formerly, non-operative management was the first choice for the treatment of these
fractures. Because of prolonged immobilization and
unstable reduction, nowadays, surgical treatments are
the first choice for the treatment of these fractures.
Surgical treatment has gone through various phases
and arthroscopy-assisted minimal invasive surgery is
the most popular treatment among surgical treatments.
Articular step-off and displacement are the most
common criteria when deciding on the necessity of surgery. The degree of articular step-off and displacement
for treatment choices are controversial. In different
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studies, the degree of articular step-off ranging from 2 to
10 mm and displacement ranging from 3 to 10 mm is
said to be acceptable. When literature is searched, it is
seen that two to three decades ago, 10 mm articular
step-off and displacement was being accepted [17, 20,
21, 25]; but recently, 2 mm articular step-off and 3 mm
displacement is accepted [7]. The main reason for
this decrease is that articular step-off and displacement
degree increases the risk of posttraumatic osteoarthritis
progress [8, 10, 21]. So, the acceptable degree of
articular step-off and displacement has decreased by
2–3 mm.
Until now, to evaluate the success of the management of the tibial plateau fractures, only functional
results or functional results with radiological results
have been used [1, 4, 5, 23, 24]. The sole purpose of the
treatment is to gain ideal articular surface restoration,
but no studies have been published to date, which
shows healing of the hyaline cartilage, except studies
on animals [3, 12, 13, 15]. Considering the different
biomechanical features of the animal knee and different healing potential, the studies that are done on
animals do not properly show the same healing of
hyaline cartilage as in humans. The only way to show
the healing potential in the hyaline cartilage after the
treatment of tibial plateau fractures in humans is the
second-look arthroscopy.
Aim To examine the healing potential of the hyaline cartilage in tibial plateau fractures treated with
arthroscopy-assisted surgery.

Materials and methods
We applied second-look arthroscopy to the 12 patients
out of 52 who had tibial plateau fractures treated by
arthroscopy-assisted surgery. Three of the patients had
skin irritation because of the implant. One patient
had arthrofibrosis after the early surgery and so
arthroscopic release was made. On physical examination of a patient who suffered from medial knee pain,
medial McMurray was found (+). So, arthroscopy was
applied because of preliminary diagnoses of medial
meniscal tear, and in the same operation the implant
was removed. The other seven patients had no complaint, but they wanted implants to be removed. While
implants were being removed, the patients’ permission
were taken and second-look arthroscopy was applied.
Four of the patients were female and eight of
them were male. The mean age was 41 (minimum 26,
maximum 59). The right knee of five patients and the
left knee of seven patients were treated. The tibial
plateau fractures were classified according to Schatzker
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classification. Among the patients we applied secondlook arthroscopy, fractures of six were Schatzker typeI, two were Schatzker type-II, two were Schatzker
type-III, one was Schatzker type-IV and one was
Schatzker type-VI. The average period between the
primary surgical treatment and second-look arthroscopy was 19 months (minimum 4, maximum 36).
During the primary surgical treatment, partial menisectomy was applied to two of the patients.
During the primer surgery All the patients were
treated with arthroscopy-assisted surgical treatment.
Schatzker type-I and type-IV fractures were repositioned
by fluoroscopy-helped percutan Kirschner wire, and
the joint surface was controlled arthroscopically. After
that, osteosynthesis was performed with percutan
screws. The depressed articular surface of Schatzker
type-II and type-III fractures were elevated with a
cannulated impactor through the small window previously created under fluoroscopic and arthroscopic
control. The proximal metaphysial defect was filled
with bone graft and then osteosynthesis was performed
with percutan screws. Schatzker type-VI fractures were
repositioned by arthroscopic control, and osteosynthesis was performed with a plate, which was applied
to the tibial diaphyziometapysial junction. Arthrotomy
was not applied to the joint.
In each case, preoperative and postoperative articular depression was measured by the anteroposterior
and lateral X-rays with the fibular head as a reference.
The amount of articular depression was measured from
the opposite remaining articular surface. A line was
drawn at the level of the normal articular surface and
extended across the depressed area. A measurement
was made from this line to the point of maximum
depression.
Second-look arthroscopy Using 4 mm, 30° arthroscope in the anterolateral and anteromedial portals, we
examined the joint surface and treated the detected
pathology. During second-look arthroscopy, chondral
defects were classified according to the Outbridge
classification. We measured step-off during the
second-look arthoscopy by prob.
After we removed the implants by second-look
arthroscopy, we intended to make postoperative stepoff degree by using CT; but not having any complaints,
our patients rejected the CT. Thus, each patient was
controlled only by X-rays.

Results
Step-off was detected in 3 out of 12 patients. Hyaline
cartilage of nine patients who did not have step-off was
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Fig. 1 A 45-year-old male patient with Schazcher type-I fracture. Even though primary anatomic reduction is achieved, after
24 months, fracture line is seen clearly over hyaline cartilage
during second-look arthroscopy

Fig. 2 A 49-year-old male patient with Schazcher type-III
fracture. Even though primary anatomic reduction is achieved,
after 36 months, fracture line is seen clearly over hyaline
cartilage during second-look arthroscopy

found obviously on the fracture line (Figs. 1, 2, 3).
None of them had displacement. One of the patients
who had step-off was a 38-year-old male and had
Schatzker type-I fracture. Although osteosynthesis
was done with two screws, the patient bore weight on
that extremity in the early postoperative period, and a
loss of correction was seen. So during second-look
arthroscopy applied at the end of the fourth postoperative month, a 3 mm step-off was found. At the
higher side of the fracture on the joint surface, grade II
chondral defect, and at the lower side, grade I chondral
defect were found. Grade II chondral defect was found
on the femoral condyle facing the fracture side. There
was no cartilage remodelization on fracture (Fig. 4).
The second patient who had step-off was a 59-year-old
male and had Schatzker type-IV fracture. Osteosynthesis was done with two screws, but implant failure
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Fig. 3 A 37-year-old female patient with Schazcher type-I
fracture. Even though primary anatomic reduction is achieved,
after 12 months, fracture line is seen clearly over hyaline
cartilage during second-look arthroscopy

and depression occurred. A 2 mm step-off was seen. At
the higher side of the fracture on the joint surface, grade
III chondral defect, and at the lower side, grade II
chondral defect were found. Grade III chondral defect
was found on the femoral condyle facing the fracture
side. The third patient was 44-year-old female who had
Schatzker type-2 fracture. This step-off was residual
since primer surgery and it was 3 mm (Fig. 5a–c). Grade
I–II chondropathy on the tibial plateau and grade I
chondral defect on the femoral condyle were detected.
Three patients out of 12 were more than 50 years old
and the average follow-up period was 26 months. Grade
II–III chondral defect was detected on the fracture line
and femoral condyle of patients above 50 years old. For
patients below 50 years old, the follow-up period was

Fig. 4 A 38-year-old male patient with Schazcher type-I fracture. Because of arthrofibrosis and step-off caused by correction
loss, second-look arthroscopy is done 16 weeks after primary
surgery. During second-look arthroscopy 3 mm step-off is seen
with no signs of remodelization of the hyaline cartilage
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Fig. 5 a A 44-year-old female
patient with Schazcher type-II
fracture. Preoperative anteroposterior(AP) X-ray. b The
same patient’s postoperative
AP X-ray. c The same
patient’s AP X-ray after
second-look arthroscopy and
removal of implants. The
amount of postoperative
articular depression was
measured to be about 3 mm

21 months and Grade I–II chondral defect was detected
on the fracture line and femoral condyle.
During primer surgery, partial menisectomy was
applied to two patients. One of these patients was
28 years old and had Schazcher type-VI fracture. No
step-off was detected. Grade I–II chondral defect was
detected around the fracture line. The other patient
who had partial menisectomy was 59 years old. During
the second-look arthroscopy, repeated medial meniscus degenerative tear was detected and partially resected. A 2 mm step-off was found out. Grade II–III
chondral defect around the fracture line was detected.
During the second-look arthroscopy, ipsilateral partial
meniscus tear was also detected in three patients and
partial menisectomy was applied.

Discussion
Today, surgery is the first choice in the treatment of
tibial plateau fractures. The aims of the treatment of
intra-articular fractures are anatomic reduction, stable
osteosynthesis and early mobilization for preventing
the progress of secondary osteoarthrosis [4, 11, 23].
Recently, by popularization of minimal invasive surgical
methods and developing experiences in arthroscopic
surgery, arthroscopy-assisted treatment has become the
first choice for the treatment of tibial plateau fractures.
As postoperative follow-up periods became longer, it
was seen that in clinically successful studies radiological
success could not be achieved. In the postoperative
period, because of various factors, secondary osteoarthrosis developed in the fractures related to articular
surfaces [12, 19]. These factors are articular congruity,
stability of the joint, protection of the menisci, coronal
alignment, patients’ age and the biological and
mechanical behavior of articular cartilage [18]. The
most important factor is articular congruity, which is the
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step-off and displacement on the articular surface. The
reason for secondary osteoarthrosis in the postoperative
long term is the excess amount of the residual step-off.
Secondary osteoarthrosis rate is 17–28.9% in the longterm series [10, 21, 23]. Historically, for step-off and
displacement degrees, different values were accepted
[1, 2, 7, 8, 17, 20, 21, 25]. There are important differences
in the acceptable step-off and displacement degrees
such as the choice of conservative treatment or surgical
treatment. Previously, 10 mm displacement and 10 mm
step-off was acceptable [17, 20, 21, 25], but the acceptable step-off was decreased first to 5 mm [2] and then to
2–3 mm [7, 8]. Acceptable step-off and displacement
degrees have decreased as surgical experience developed and follow-up periods became longer. However
some patient factors also can help define the goals of the
treatment; for example, the goals of treatment may be
different for an elderly, nonambultory resident of a
nursing home than for a young, healthy laborer [6].
Experimental studies showed that in tibial plateau
fractures, up to 1.5 mm step-off is tolerable because of
the weight distribution, but if the step-off is more than
3 mm the weight on the higher edge increases by 75%
[3]. This increased weight distribution can be tolerable
in the early stage, but may lead to secondary arthrosis at
a later stage.
Some authorities claim that a limited degree of stepoff is tolerable during the healing process. Experiments
on animals show healing on the articular surface [3, 12,
13, 15]. The most important of these experiments is the
one done by Lefkoe et al. In this study, rabbits were
divided into two groups. In the first group, 2 mm stepoffs of the weightbearing surface of the medial femoral
condyle were created on the sagittal plane. In the second
group, osteotomies identical to group 1 were made
without displacement of the articular surface of the
femur. After 20 weeks, the 2 mm step-offs of group 1
specimens were replaced by repair tissue (fibrocartilage
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tissue) and femoral congruity was restored by articular
repair in 83% of group 1 specimen. After 20 weeks, the
femoral congruity in group 2 remained intact in all
specimens and healed with hyaline cartilage. There was
no articular erosion in either group. The conclusion of
this series is that up to 2 mm step-off, the step-off does
not lead to a problem and can be healed with fibrocartilage tissue. However, if anatomic reduction is
achieved, a complete healing of hyaline cartilage occurs
[12]. This study gives information about the early stage;
it does not give any information about long-term results
of the fibrocartilage tissue. We know that the weightbearing capacity and life of the fibrocartilage tissue is
less than the hyaline cartilage. For this reason, even
when a complete restoration of the joint is achieved,
development of secondary arthrosis in the fibrocartilage
tissue is more than in the hyaline cartilage tissue. The
most important point is that the group where anatomic
reduction was achieved healed with hyaline cartilage,
because the surface of the joint was anatomically preserved. This result shows us the importance of anatomic
reduction in the fractures of the joint. It should be noted
that in this study done with animals, biomechanics of the
rabbit’s knee and the healing potential of the hyaline
cartilage are different from those of human. So, it is
impossible to come through a straight conclusion with
this study. This study can be only a support for healing
theories of the articular cartilage. In our nine cases, the
average follow-up period was 26 months, as mentioned
before. No complete healing of hyaline cartilage was
achieved, and the fracture line was clear.
Another research showed that if the degree of stepoff is greater than cartilage thickness remodelization is
not adequate [13, 15]. We know that the thickness of
the tibial plateau decreases to a mean of 2–3 mm in
older people [14]. In our series, out of three patients
who had residual step-off, two of them had 3 mm and
the other had 2 mm step-off. In these three cases, the
period between the primary treatment and second-look
arthroscopy is a mean of 14 months (minimum 4,
maximum 21 months). If remodelization of the step-off
degree, which is equal to cartilage thickness, had been
achieved, the step-off areas should have been covered
with hyaline cartilage.
There are other factors for secondary osteoarthrosis
occurring after tibial plateau fractures. If the menisci are
not damaged and there is no ligament instability,
probability of development of secondary osteoarthrosis
is low. Meniscal injury is frequently associated with
tibial plateau fracture, with a reported prevalence of
20–47%. Either medial or lateral menisectomy at the
time of surgical treatment of tibial plateau fracture is
strongly associated with a high prevalence of osteo-
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arthritis and a poor outcome [18]. After 7.6 years of
follow-up, Hankonen found out that if the meniscus is
undamaged, risk of secondary osteoarthrosis is 37%; but
if there is a lesion on the meniscus, this rate becomes
74% [9]. However, it is important to remember that
there is a high chance of meniscus lesion occurring in
tibial plateau fractures (20–47%) [18].
Another important factor for the development of
secondary osteoarthrosis is the patient’s age. Studies
show that the patient’s age is very important for cartilage healing. Posttraumatic arthritis is found especially among old patients, [18]. About 55–70% of
the tibial plateau fractures are seen in people above
50 years old [24]. Roerdink found that at the end of the
3-year follow up, 53% of 30 patients had secondary
osteoarthrosis [22].
In tibial plateau fractures, the configuration of the
fracture on the coronal and sagittal planes is also as
important as the step-off and displacement. Step-off on
the coronal plane leads to a mechanical problem in the
ROM of the knee; however, step-off on the sagittal
plane does not lead to such a problem. The higher part
of the step-off bears the weight [12]. This situation is
important for compression fractures. This is supported
in our series, as the chondral defect on the high edge
is worse than on the low edge. However, the step-offs
on the sagittal plane are not innocent, because of the
severe chondral defect of the femur, which faces the
side with the step-off.
The alignment has a significant influence on the
outcome of treatment of tibial plateau fractures. In the
varus knee a valid step-off is well tolerated, whereas in
the valgus knee step-off of the lateral plateaus leads to
an unsatisfactory outcome. This observation is generally
explained by the uneven distribution of the compressive
load. The malaligment of the joint axis produced by
many condylar fractures changes the load distribution,
and any instability, which deranges joint function, may
also play a part in the development of lateral degenerative changes [21]. If the knee has varus malalignment,
the step-off in the lateral plateau can be tolerated better
because the weight on the lateral plateau is less. If the
knee has valgus malalignment, the situation is vice-versa
and so step-off in the lateral plateau cannot be tolerated
[8].

Conclusion
A lot of information about the joint surface achieved
by second-look arthroscopy in tibial plateau fractures
has been collected. Until now according to literature,
tibial plateau fractures have been evaluated clinically
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and radiologically, but in our cases we directly saw the
lesion. The results show that healing of cartilage does
not have the same potential as those in experiments on
animals. Cartilage healing is limited in human beings.
On the fracture line, cartilage defect continues, although anatomic reduction achieved. Moreover, if
there is step-off, insufficient healing potential appears.
Although we did not have enough cases, we can say
that in tibial plateau fractures, anatomic reduction is
mandatory. Contrary to the common idea, step-off is
not tolerated by hyaline cartilage.
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