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Arthroscopic Assessment of Cartilage Healing Status after Treatment of

Tibial Plateau Fracture

Abstract

Background: There are a few reports on the healing status of the cartilage after the treatment
of tibial plateau fracture. In this study, we analyzed the healing status of articular cartilage
using second-look arthroscopy with clinical and radiological results from patient’s in schatzker
Type L, II, and III tibial plateau fracture. Materials and Methods: 43 patients operated between
January 2011 and December 2013 were included in this retrospective study. Radiological evaluation
was performed by comparing simple radiographs from the preoperative, postoperative, and final
followup period. Clinical evaluations were performed using the Knee Society Knee Score (KSKS)
and the Knee Society Functional Score (KSFS). Moreover, second-look arthroscopic evaluation
was performed during implant removal, and cartilage healing status was classified according to the
International Cartilage Repair Society grading system (ICRS). Results: In all 43 patients, bony union
was achieved with a mean duration of 13.7 weeks. The degree of cartilage healing was poor when
the step-off was high (P = 0.016). Furthermore, even in cases with satisfactory step-off <2 mm, there
was no case with complete cartilage healing. Between ICRS grade and clinical results, the respective
Pearson coefficient for KSKS and KSFS were » = —0.62 and » = —0.59 indicating mean statistically
significant negative correlations (P = 0.001). Conclusion: Even though step off was reduced
anatomically and clinical outcome was excellent or good, there was not always complete cartilage
healing in a followup on second-look arthroscopy. Therefore, we focused on not only radiologic and
clinical outcome but also the actual status of cartilage with second-look arthroscopy.
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in 1980, enabling direct visualization
of intraarticular fractures and accurate
anatomical reduction. In addition, this
technique enable the diagnosis and
treatment of accompanying intraarticular
injuries, complete irrigation and removal of
loose bodies. These advantages significantly

Introduction

Tibial plateau fracture invades the articular
surface of the knee and accounts for 1%
of all fractures.! The resulting incongruity
and step off of the tibial plateau lead
to abnormal loading of the cartilage
and subchondral bone, which gradually

. . . reduce the incidence of postoperative
induces degeneration of the cartilage. o .
. o complications. Therefore, when surgical
Hence, the treatment for displaced tibial . o
treatment is needed for tibial plateau

plateau fracture aims to achieve accurate
reduction and firm fixation of the articular
surface and to provide proper treatment for
accompanying injuries such as meniscus
tearing and ligament injury, enabling to
minimize articular dysfunction by traumatic
arthritis.>*

fractures, especially Schatzker classification
Type I, II, and III, the ARIF procedure is
widely utilized.”!*

Despite the development of these surgical
techniques, malalignment and secondary
arthritis have been reported after surgery for
tibial plateau fracture.' Despite radiological
examination showing the absence of
step-off of the articular surface, arthroscopic
examination in a few other studies showed
step-off of the articular surface with
incomplete articular regeneration and
cartilage injury which induce posttraumatic

Several surgical techniques have been
introduced to treat complex tibial plateau
fracture involving displacement of the
articular surface.>® Arthroscopic reduction
and internal fixation (ARIF) first were
introduced by Caspari et al. and Jennings
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arthritis.’>!® These secondary arthritis after
tibial plateau fracture may occur because of
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the inherent characteristics of the human chondrocyte: once
damaged, complete regeneration is difficult, and the extent
of the damage increases progressively with time.*!”18

While previous studies on the surgical treatment of the tibial
plateau fractures showed improved clinical and radiological
outcomes, few studies directly focused on the healing status
of the cartilage.'>!® Therefore, in this study, we compared
the healing status of the articular cartilage in patients with
Schatzker Type I, II, and III tibial plateau fracture, treated
using ARIF, during second-look arthroscopy with clinical
and radiological results.

Materials and Methods

48 patients who underwent ARIF for tibia plateau fracture
with the Schatzker!® classification of Type I, II, or III
between January 2011 and December 2013 were included
in this tudy. Our operative indications in tibial plateau
fracture were as follows: step-off of the articular
surface >3 mm, tibial condylar widening 5 mm, and tibial
condylar tilt >5°." However, the following cases were
performed through open reduction and internal fixation
without arthroscopy: cases that have multiple damages or
comminuted fracture, and cases that have the high risk
of compartment syndrome due to articular fluid leakage.
Five cases in which the patient refused the removal of
the implant after bony union due to old age or underlying
diseases were excluded. Finally, 43 patients treated with
second-look arthroscopy during implant removal after bony
union were included in this retrospective study.

Out of 43 patients, 31 were men and 12 were women. The
mean age was 49 years (range 23-66 years) at the time of
second-look arthroscopy. The mean followup period was
38 months (range 24-60 months). The most common causes
of injury were car accidents (n = 34) followed by falls
(n =5), sports accidents (n = 3), and other incident (n = 1).

This study was conducted after approval of the Institutional
Review Board at present hospital.

The study relates to Before surgery, simple radiograph
and computed tomography were performed to evaluate
the fracture pattern and extent of depression. In addition,
magnetic resonance imaging (MRI) was used to identify
other injuries including meniscus, cruciate ligament
and collateral ligament injuries. All 43 cases were
categorized using the Schatzker classification; 7 cases were
Type I (16%), 28 cases were Type II (65%), and 8 cases
were Type III (18%).

Operative procedure

All patients were treated using ARIF. The depressed
articular surface of Schatzker type II and type III
fractures, in particular, were elevated with an impactor
operated through a small window during fluoroscopy and
arthroscopy. In the event of large proximal metaphyseal
defects, allogenic cancellous chip bone (TranZgraft;
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Tissue Banks International, Baltimore, MD, USA), or
autogenous iliac bone was filled to support the articular
surface and prevent collapse. Osteosynthesis was performed
with a cannulated screw (Zimmer, Warsaw, US) and/or
an AO locking plate (LCP proximal tibia plate; Synthes,
West Chester, PA, USA).!52

After obtaining the complete bony union of the fracture
site, the risks and benefits of second-look arthroscopy
and metal removal were explained to the patients. These
procedures were performed for consenting patients.
Similar to the first surgery, second-look arthroscopy was
performed through the anterolateral and anteromedial
portal, and the cartilage healing status was classified
using the International Cartilage Repair Society (ICRS)
grading system.?! The ICRS classification system is used
to characterize cartilage injury on the basis of lesion area
and depth and classified from Grade I to Grade IV: Grade I
for chondral softening or blistering with an intact surface,
Grade II for shallow superficial ulceration, fibrillation,
or fissuring involving <50% of the depth of the articular
surface, Grade III for deep ulceration, fibrillation, fissuring
or a chondral flap involving 50% or more of the depth
of the articular cartilage without exposure of subchondral
bone, and Grade IV for full-thickness chondral wear with
exposure of subchondral bone [Figure 1].2! Additional
procedures such as arthroscopic debridement, adhesiolysis,
and additional meniscectomy were performed when
abnormal arthroscopic findings were found.

The accompanying injuries were as follows: two cases
of anterior cruciate ligament injury, 22 cases of lateral
meniscus tear, 6 cases of medial meniscus tear, and
20 cases of medial collateral ligament injury.

Figure 1: Arthroscopic International Cartilage Repair Society grade
(a) International Cartilage Repair Society Grade I, (b) International Cartilage
Repair Society Grade I, (c) International Cartilage Repair Society Grade lll,
(d) International Cartilage Repair Society Grade IV
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In the 2 cases with an anterior cruciate ligament injury,
we confirmed 1 case of avulsion fracture and 1 case of
partial tear through MRI taken before surgery. In the
case of avulsion fracture, physical examination before
surgery under anesthesia confirmed instability and pull
out suture was used for fixation. In the case with partial
tear, no instability was observed on physical examination
under anesthesia and tear was only present in anteromedial
bundle on arthroscopic evaluation. Therefore, conservative
treatment was performed for these stable anterior cruciate
ligament injuries. In 20 of the 22 cases with a confirmed
lateral meniscal tear, meniscus repair was performed with
the Inside-Out technique using nonabsorbable sutures
during tibial plateau fracture surgery. In the other two
cases, partial meniscectomy was performed because the
tear site was in the inner third section of the meniscus.
In 4 out of 6 cases where medial meniscal tearing was
confirmed, meniscus repair was performed. Moreover,
partial meniscectomy was performed in the other 2 cases.

All 20 cases of medial collateral ligament injury were
Grades I, or II with 30° flexion valgus stress test of knee
joint. These cases were treated conservatively.

Immediately after surgery, removable cylinder splint was
used along with antibiotics and sterilization to control
inflammation and elevation of lower limb and ice packing
were used to resolve swelling. Through patella movement
exercise, contracture of the patellofemoral joint was
prevented. In addition, straight leg raising exercises and
quadriceps femoris strengthen exercises were performed
for preventing atrophy of the quadriceps femoris.?
Moreover, continuous passive motion of the knee joints
was started from 0° to 90° on the second postoperative
day. After 2 weeks, active ROM with assistance was
recommended until ROM of 90°. At the 4™ week, the
cylinder splint was replaced with a hinged knee brace and
toe-touch weight bearing with crutches was started and
limited weight-bearing was allowed only after obtaining
radiographic evidence of healing. In the 6™ week, partial
weight bearing of 25% started followed by a gradual
increase. After 10-12 weeks, bony union was confirmed
through radiological evaluation and full weight-bearing
exercise was performed.?

Radiological,
evaluation

clinical, and second-look arthroscopic

Radiological evaluation was performed by comparing
simple radiographs in the preoperative, postoperative, and
final followup period. Satisfactory reduction was defined as
step off <2 mm in final followup radiograph.’

Clinical evaluation was performed by comparison of the
ROM, patient’s pain, alignment and stability of the lower
extremity by using the Knee Society Knee Score (KSKS).
KSKS defines “Excellent” as a score >90, “Good” as
a score between 80 and 89, “Fair” as a score between
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70 and 79, and “Poor” as a score 69. To evaluate walking
and climbing stairs and whether to use assistive equipment
for walking, Knee Society and Functional Score (KSFS)
was used; KSFS has also defined “Excellent” as score >90,
“Good” as score between 80 and 89, “Fair” as score
between 70 and 79, and “Poor” as score <70.%

At the final followup, healing status of the articular
cartilage using second-look arthroscopy was classified with
the ICRS grade. Moreover, those results were compared
and analyzed with radiological and clinical results.

Statistical method

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) software
version 20.0 (IBM  Corporation, Armonk, NY).
A Chi-square test was used to analyze the relationship
between the final followup radiological results and the
ICRS grade which were regarded as categorical data. For
analysis of the relationship between KSKS or KSFS and
the ICRS grade which were regarded as continuous data,
the Pearson correlation test was used. For all tests, P < 0.05
was considered statistically significant.

Results

In all 43 cases, bony union was achieved with an average
time of 13.7 weeks (range 12—-17 weeks). There was no
loss in the reduction of the articular surface or need for
secondary surgery for the bony union in all cases. The
final followup radiographs showed step-off of <2 mm in
40 cases and step-off over 2 mm in 3 cases.

Regarding the ROM of the knee at final followup, flexion
contracture averaged 3.2° (range 0°-—15°), further flexion
averaged 128.5° (range 120°-140°). The average KSKS
was 89.8 (range 70-100) with 27 excellent cases, 9 good
cases, and 7 fair cases. Furthermore, average KSFS was
88.3 (range 70-100) with 27 excellent cases, 9 good cases,
and 7 fair cases which were the same as KSKS.

Finally, the healing status of the articular cartilage
determined through second-look arthroscopy was ICRS
Grade 1 for 2 cases, Grade 2 for 28 cases, Grade 3 for
12 cases, and Grade 4 for 1 case.

Based on these results, we compared the radiological results
with the status of cartilage healing with Chi-square test. In
cases with step-off <2 mm in the simple radiograph, two
were ICRS Grade 1, 29 were Grade 2, and 9 were Grade 3.
In cases with step-off over 2 mm, two were Grade 3,
and one was Grade 4. Chi-square test demonstrated a
significantly worse cartilage healing status in cases with
step-off over than 2 mm (P = 0.016). However, there
was no complete cartilage healing even in cases with
step-off <2 mm [Figure 2].

The clinical results at the final followup were compared
with the ICRS grade representing cartilage healing status
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Figure 2: (a) A 42-year-old male patient with Schazcher Type-ll fracture.
(b) Even though primary anatomic reduction is achieved, (c) International
Cartilage Repair Society grade lll chondral injury is seen during second-look
arthroscopy in postoperative 18 months. ICR: International Cartilage
Repair Society

with Pearson correlation test. In cases classified as ICRS
Grade 1, 1 case was excellent according to KSKS and
1 case was good. In cases of ICRS Grade 2, 26 cases
were excellent, 2 cases were good and 2 cases were fair.
In cases of ICRS Grade 3, 8 cases were good and 2 cases
were fair. Finally, in case of ICRS Grade 4, 1 case was fair.
The Pearson coefficient was that » = —0.62 (P = 0.001)
indicating a statistically significant negative correlation
between ICRS grade and KSKS. For KSFS, in cases
classified as ICRS 1, 1 case was excellent, and 1 case was
good. In cases of ICRS Grade 2, 25 cases were excellent,
3 cases were good and 2 cases were fair. In cases of ICRS
Grade 3, 5 cases were good and 5 cases were fair. Finally,
in the case of ICRS Grade 4, 1 case was excellent. The
Pearson coefficient was » = —0.59 (P = 0.001), indicating
a significant negative correlation Between ICRS grade and
KSFS. Therefore, this means that cartilage healing status
was worse, the clinical outcome was worse.

Discussion

In this study, we evaluated and compared the degree of
reduction, clinical outcomes, and cartilage healing status
through second-look arthroscopy in patients with tibial
plateau fractures of Schatzker type I, II, and III underwent
ARIF. As a result, we confirmed that in cases with step-off
over 2 mm, cartilage healing status was significantly
poor than cases with step-off less 2 mm. Moreover in
second look arthroscopy, as cartilage healing status is
worse, clinical outcome was worse. However, even with
satisfactory reduction which occurred in cases with

260

step-off <2 mm, there was no case with complete cartilage
healing, and most cases had cartilage injury over ICRS
Grade 2.

In previous animal studies, it was reported that when the
degree of step-off is similar or thinner than the cartilage
of the articular surface, there is a higher chance of
cartilage healing.* In an animal experiment with rabbits,
it is reported that group with complete reduction showed
cartilage healing with hyaline cartilage.”> However, humans
and animals have different biochemical characteristics
and cartilage healing abilities. Moreover, it is difficult to
obtain long term followup results with animal due to the
limitation of animal research. Therefore, it is difficult to
apply the results of animal studies to human clinical cases.
Human cartilage cells have a long lifespan andcannot be
replaced by hyaline cartilageunlike animal cells, even
with a turnover to other tissue.?® In addition, regenerative
ability of chondrocyte is impaired after impaction injuries
such as tibial plateau fracture, which make it difficult for
cartilage to heal perfectly in spite of complete anatomical
reduction.?® In studies by Cetik, 12 cases with the bony
union in tibial plateau fractures had incomplete articular
recovery and cartilage defects.'” In addition, in another
study by Lee, involving 20 patients with Schatzkar Type 11
tibial plateau fracture treated by open reduction and internal
fixation, 16 cases had step-off <2 mm. 11 of the 16 cases
had ICRS Grade II and III cartilage injuries.'® Similarly,
in our study, there was no case with complete cartilage
healing in second-look arthroscopy although 40 of 43 cases
achieved reduction with step-off <2 mm and most of the
cases were clinically “Excellent” or “Good.”

The injured cartilage can worsen as times goes on even if
the radiographic and clinical results are good and cartilage
injury is small size.”® We think it will be important to check
the cartilage healing status regardless of the radiographic
and clinical results after tibial plateau fracture surgery,
especially in case of the young and active patient.
Therefore, we used arthroscopy for estimating the cartilage
status because it is the most accurate method to evaluate
the postoperative status of articular cartilage. Arthroscopy
is possible to detect minimal damage of articular cartilage
with incipient osteoarthritis and allows for the debridement,
adhesiolysis, meniscectomy, and removal of loose bodies
and chondral fragment to mechanical irritation and
synovial  inflammation.’”?  Furthermore, arthroscopic
procedure provides pain relief and functional improvement
in short-term followup. In addition, these procedures delay
the progression of traumatic arthritis and delay or prevent
total knee arthroplasty in long term followup, especially in
patients with a traumatic osteoarthritis,?®303!

There are a few limitations in this study. First, it was
a retrospective study. Second, this study only included
Schatzker type I, 11, and III injuries, which makes it difficult
to generalize the result to all tibial plateau fractures.
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Finally, the followup period was relatively short to explain
the incidence of traumatic arthritis by cartilage injury. In
spite of these limitations, this study has much meaningful
strengths. First, we try to minimize other factors affecting
cartilage healing by managing the meniscus and ligament
appropriately that we can do. Second, this study included
43 cases, which is a larger sample than previous studies.
Third, all patients had an operation by the same surgeon
using the same method and treated with same protocol
after the operation. Furthermore, this study is noteworthy
in that it focused on the actual state of the cartilage by
second-look arthroscopy which is different from previous
studies that focused on the clinical and radiological result.

Conclusion

In this study, most patients with Schatzker Type I, II,
and III tibial plateau fracture who treated using ARIF
obtained a normal joint range of motion and good clinical
and radiological results. Despite these results, we found
there was no complete cartilage healing on second-look
arthroscopy because regeneration of human cartilage is
limited. Therefore, we think it will be important to focus
on not only radiological and clinical outcome but also the
actual status of cartilage healing.
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