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Abstract: Purpose: The purpose of this study was to present the results of arthroscopy-assisted
corrective osteotomy (AACO), reduction, internal fixation, and strut allograft augmentation for tibial
plateau malunion or nonunion. Methods: Fifty-eight patients, mean age 49± 11.9 years old, with tibial
plateau malunion (n = 44) or nonunion (n = 14), were included in this study. There were 19 Schatzker
type II fractures (32.7%), 2 type III fractures (3.4%), 7 type IV fractures (12%), 20 type V fractures
(34.5%), and 10 type VI fractures (17.2%). The mean follow-up period was 46.2 ± 17.6 months. Clinical
and radiologic outcomes were scored by the Rasmussen system. Articular depression was measured
from computed tomography. Secondary osteoarthritis was diagnosed when radiographs showed
a narrowed joint space in the injured knee at follow-up. Results: Mean clinical score improved
from 15.4 ± 3.9 (pre-revision) to 23.2 ± 4.5 (post-revision). Mean radiologic score improved from
7.7 ± 2.5 (pre-revision) to 12.0 ± 3.9 (post-revision). Fifty-six fractures achieved successful union.
The average union time was 19.6 ± 7.5 weeks. Post-revision, 81% had good or excellent clinical
results and 62% had good or excellent radiological results. Secondary osteoarthritis (OA) was noted
in 91% of all injured knees, where 25.8% were mild OA, 25.8 % were moderate OA, and 38% were
severe OA. There were 6 cases of deep infection (10.3%) and 1 case of wound edge necrosis (1.7%).
Five cases were converted to total knee replacement after the index surgery with an average period of
13.5 months (range 8–24 months). Conclusions: Arthroscopy-assisted corrective osteotomy, reduction,
internal fixation, and strut allograft augmentation can restore tibial plateau malunion/nonunion with
well-documented radiographic healing and good clinical outcomes.

Keywords: Arthroscopy-assisted corrective osteotomy; tibial plateau malunion; tibial plateau
nonunion

1. Introduction

Management of tibial plateau fractures is challenging. Malreduction, improper fixation, neglected
intra-articular lesions, and inadequate management of bone defects lead to the failure of surgical
treatment [1–5]. Traditionally, open corrective osteotomy with bone grafting is the standard of care
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following malunion [2,4–9]. However, arthrotomy with wide soft tissue dissection may have the higher
incidence of complications and longer recovery time for the patient [2,4,5,9].

The advantage of arthroscopically-assisted osteosynthesis of fractures of the tibial plateau
are direct visualization of intra-articular fractures, accurate fracture reduction, reduced morbidity
in comparison with arthrotomy, simplified diagnosis and treatment of meniscal and ligamentous
injuries, thorough-joint lavage, and removal of loose fragments [10–16]. Good early to medium-term
results of arthroscopically-assisted osteosynthesis of tibial plateau fractures have been reported
previously [10,11,17–20]. The purpose of this study was to present the radiological and clinical results
of tibial plateau malunion or nonunion treated with arthroscopically-assisted corrective osteotomy
(AACO) surgery. To our knowledge, this unique and novel method is not reported in the literature.
We hypothesized that AACO surgery for tibial plateau malunion or nonunion wound allow accurate,
stable alignment and articular surface reduction with minimal dissection and a satisfactory outcome.

2. Materials and Methods

From January 2002 to July 2013, 63 consecutive patients with tibial plateau fracture malunion
or nonunion underwent arthroscopically-assisted corrective osteotomy (AACO). Fifty-eight patients
(92%) who were followed up for over 24 months were enrolled in this retrospective case series.
All patients were given a consent form before surgery and underwent the same treatment protocol for
arthroscopy-assisted corrective osteotomy, reduction, internal fixation, and strut allograft augmentation
for tibial plateau malunion or nonunion. The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Ethics Committee of Chang Gung Memorial Hospital
(Project identification code 104-8592B). The mean age at operation was 49 ± 11.9 years old (range:
22 to 75 years). The follow-up period was 46.2 ± 17.6 months. No patients were lost to follow-up in
this consecutive case series. Tibial plateau fractures were categorized by the Schatzker classification
according to initial fracture patterns [21]. Table 1 lists patient demographics. Indications for operative
fixation included any varus instability exceeding 10◦ of medial tibial plateau fracture at full extension
or lateral plateau fracture with valgus instability exceeding 10◦ and articular step-off exceeding 3 mm
or tibial condylar widening exceeding 5 mm. Patients were excluded if they had any of the following
features: active or previous infection in the affected knee joint, poor soft-tissue status, knee ankylosis,
bad compliance, morbid obesity, severe systemic illness (diabetic mellitus under poor control, liver
cirrhosis Child B/C, active cancer, chemotherapy, hemophilia, or a medical contraindication for surgery).
Those who followed up for more than 24 months were enrolled in this study.

Table 1. Demographics of surgical patients: Schatzker classification of fracture types and associated
soft-tissue injuries.

Type II Type III Type IV Type V Type VI Total

No. of patients
(%) 19 (32.7%) 2 (3.4%) 7 (12%) 20 (34.5%) 10 (17.2%) 58 (100%)

Mean age (yr) 49.8 ± 12.9 34 ± 16.9 49.3 ± 7.2 49.5 ± 13.4 49.2 ± 8.3 49 ± 11.9

Gender (M/F) 5/14 0/2 1/6 6/14 4/6 16/42

Side (R/L) 7/12 0/2 0/7 9/11 7/3 23/35

Preoperative
condition

Range of motion
1.3 ±

3.3~102.3 ±
30.6

0.0 ±
0.0~110.0 ±

28.3

3.6 ±
6.3~115.0 ±

15.0

4.0 ±
7.7~93.7 ±

27.9

12.5 ±
16.2~84.0 ±

28.6

4.4 ±
9.18~98.0 ±

28.5

Mean depression
plateau (mm) 15.9 ± 6.2 7.5 ± 3.53 16.4 ± 3.77 19.5 ± 7.7 20.7 ± 5.6 17.7 ± 6.8

Mean tibiofemoral
angle 7.3 ± 3.3 8.0 ± 2.8 −2.4 ± 5.44 −1.5 ± 9.6 0.4 ± 7.6 -
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Table 1. Cont.

Type II Type III Type IV Type V Type VI Total

Postoperative
condition

Range of motion
(latest follow up)

1.1 ±
3.1~111.6 ±

22.4

0.0 ±
0.0~130.0 ±

0.0

0.0 ±
0.0~122.8 ±

7.6

1.3 ±
3.9~112.3 ±

17.0

4.5 ±
6.0~105.0 ±

19.0

1.5 ±
4.0~112.7 ±

18.8

Mean depression
plateau (mm) 2.8 ± 3.6 0.0 ± 0.0 2.7 ± 4.0 5.1 ± 4.9 5.5 ± 3.4 3.9 ± 4.2

Mean tibiofemoral
angle 6.7 ± 5.7 6.0 ± 0.0 4.6 ± 4.3 3.4 ± 9.3 1.0 ± 7.5 -

Associated
injuries

High grade
chondral injury

(Outerbridge Gr 3,
Gr 4) (%)

11(57.9%) 0 2 (28.6%) 9 (45%) 6 (60%) 28 (48.3%)

Meniscus (%) 10 1 3 8 4 26 (44.8%)

ACL (%) 1 0 1 4 2 8 (13.8%)

PCL (%) 1 0 1 3 0 5 (8.6%)

MCL (%) 0 0 0 1 0 1 (1.7%)

Frequency of
patients involved

(%)
52.6% (10/19) 50% 57.1% (4/7) 55.5% (11/20) 50% (5/10) 53.4% (31/58)

ACL: anterior cruciate ligament, PCL: posterior cruciate ligament; MCL: medial collateral ligament.

Preoperative evaluations included detailed physical examination of the condition of the soft-tissue
envelope, sensory-motor function of the limb, and vascular status in terms of pulsation over the
dorsalis pedis and posterior tibialis arteries. All patients underwent plain film study in anteroposterior
and lateral views as well as computed tomography of each knee. The mean duration between the
first time surgery to revision surgery was 9.2 ± 5.7 months. All preoperative evaluations and surgical
procedures were performed by a single surgeon (Y-S.C.).

2.1. Surgical Technique

The patients were positioned supine on the operating table and given general endotracheal
anesthesia. Before surgery, a complete knee evaluation was performed with the patient under
anesthesia. A pneumatic tourniquet was applied to the thigh, but a leg holder was not required
because most arthroscopic manipulation was conducted in the “figure 4” position. The anterolateral
and anteromedial portals were used to insert the arthroscope as well as working instruments.
The arthroscopic joint inspection permitted evaluation of the cartilage condition, debridement of
fibrous tissue, and localization of fracture malunion site (Figure 1A). The cartilage injury grading
was recorded as Outerbridge classification [22]. The capsuloligamentous structures were then probed
and the associated intra-articular lesions were evaluated. Incisions were made on the side of the
fracture directly medial-lateral (types I through IV) and bilaterally for types V and VI, starting from
approximately 1 cm proximal to the articular surface and extending approximately 8 cm distally.
The previous plate and screw were removed and wound culture was done routinely. The tibial
metaphysis was carefully exposed and care was taken to avoid arthrotomy and minimize periosteal
stripping. The depressed fragment or malunited area was located with a standard tibial guide for
anterior cruciate ligament (ACL) reconstruction and a Kirschner wire was inserted through the
metaphysis into the edge of malunited fracture line (Figure 1B). Another Kirschner wire repeated
the aforementioned procedure. Then, a 0.5 cm osteotome was started at the metaphyseal area to
the articular area on the plane that the two Kirschner wires created to completely separate the bone



J. Clin. Med. 2020, 9, 973 4 of 13

malunion area (Figure 1C). The method was repeated several times until the depressed articular
fragment was freely elevated by bone tamp (Figure 1E) and using Kirschner wire to temporarily fix the
elevated fragment. The articular height was checked under fluoroscope exam and arthroscopically.
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Figure 1. Operative procedure: (A) Arthroscopic documentation and debridement. (B) Use of a 
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malunited fracture area was completely released. (E) The depressed articular fragments were elevated 
with bone tamp under direct arthroscopically inspection. (F) Bone grafting of the metaphyseal defect 
with structural allograft femoral head. 

The associated intra-articular pathology was treated in the appropriate sequence after fracture 
fixation. Meniscal tears were repaired when they were within 5 mm of the meniscosynovial junction. 
Degenerative meniscus tears were debrided and trimmed to stable end. ACL injuries were treated by 
arthroscopy-assisted fixation of the ACL avulsion fracture in a 1-stage surgical procedure and 
second-stage reconstruction after fracture healing for complete ACL tears. 

Figure 1. Operative procedure: (A) Arthroscopic documentation and debridement. (B) Use of a
microfracture awl to identify the intra-articular depression zone. (C) Anterior cruciate ligament (ACL)
tibial guiding for osteotomy axis and location, where two parallel Kirschner wire determined one
plane, the 5 mm osteotome started from the metaphysic area to the articular surface. (D) The malunited
fracture area was completely released. (E) The depressed articular fragments were elevated with
bone tamp under direct arthroscopically inspection. (F) Bone grafting of the metaphyseal defect with
structural allograft femoral head.

The metaphyseal area may have revealed a huge bone defect. We measured the length, width,
and depth of the defect area. Then, the fresh frozen femoral head allograft were defrosted and cut
by oscillator saw to fit the previous measured bone defect. The overlying cartilage were removed
as cleanly as possible. Then, this cancellous strut allograft was impacted into the metaphyseal bone
defect area (Figure 1F). The residual small defect was filled with artificial bone graft and GeneX
(Biocomposites Ltd., Staffordshire, UK) putty (β-tricalcium phosphate/calcium sulfate hemihydrate
compound) mixed with vancomycin powder. Internal fixation was applied with either a nonlocking
L buttress plate (Depuy Synthes 4.5 mm L buttress plate) or a locking plate (Depuy Synthes LCP
Proximal Tibial Plate 3.5) and interfragmentary screw (Depuy Synthes Standard screws 3.5 mm, cortical
or cancellous) fixation. Intraoperative radiographs were routinely taken for all types of fractures to
reconfirm adequate reduction before wound closure.

The associated intra-articular pathology was treated in the appropriate sequence after fracture
fixation. Meniscal tears were repaired when they were within 5 mm of the meniscosynovial junction.
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Degenerative meniscus tears were debrided and trimmed to stable end. ACL injuries were treated
by arthroscopy-assisted fixation of the ACL avulsion fracture in a 1-stage surgical procedure and
second-stage reconstruction after fracture healing for complete ACL tears.

2.2. Clinical and Radiologic Assessment

The pre-revision and post-revision clinical and radiologic scales were recorded according to the
Rasmussen system (Tables 2 and 3) [23]. The post-revision scales was recorded at the latest followed up
outpatient department visit. The Rasmussen system was intended to improve upon the Hohl and Luck
system [24] by making it more quantitative. The advantage of the Rasmussen system is its analysis
of both functional and anatomic end results for tibial plateau fractures after treatment. This scoring
system is widely used in related studies of tibial plateau fractures [11,25–28]. The follow-up protocol
included analysis of subjective complaints and objective clinical findings. All 58 patients completed
a questionnaire regarding their overall function. Subjective data were collected to assess swelling,
difficulty climbing stairs, joint stability, ability to work and participate in sports, and overall patient
satisfaction with recovery. Range of motion (ROM) of the knee joint was measured with the patient in a
prone position with test-side ankle off plinth. A goniometer axis was placed at the skin prominence of
lateral epicondyle of the femur. A stationary arm was placed along the femur to greater trochanter. A
movement arm was placed along the fibula to lateral malleolus. Measurement of ROM was documented
at each OPD visit. We only presented the preoperative ROM and most recent postoperative follow-up
ROM. All patients were evaluated by the senior author (Y-S.C.).

Table 2. Criteria for clinical assessment.

Clinical Parameter Points Excellent Good Fair Poor

Subjective
Pain 5 4 2 0
None 6

Occasional pain, needs no medication 5
Stabbing pain 4

Intense, activity-related 2
Night pain, at rest 0
Walking capacity 6 4 2 1

Normal 6
Outdoors >1 h 4

Outdoors >15 min 2
Indoors only 1

Wheelchair/bedridden 0
Objective
Extension 6 4 2 2
Normal 6

<10◦ loss 4
>10◦ loss 2

Total range of motion 5 4 2 1
>140◦ 6
>120◦ 5
>90◦ 4
>60◦ 2
>30◦ 1

0◦ 0
Stability 5 4 2 2
Normal 6

Abnormal in 20◦ flexion 5
Instability in extension <10◦ 4
Instability in extension >10◦ 2

Total (minimum) 30–27 26–20 19–10 9–6
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Table 3. Criteria for radiologic assessment.

Radiological Parameter Points Excellent Good Fair Poor

Depression 6 4 2 0
None 6

<6 mm 4
6–10 mm 2
>10 mm 0

Condylar widening 6 4 2 0
None 6

<6 mm 4
6–10 mm 2
>10 mm 0

Angulation (valgus/varus) 6 4 2 0
Normal 6

<10◦ 4
10◦–20◦ 2

>20◦ 0
Total (minimum) 18 17–12 11–6 5–0

A radiographic evaluation, including bipedal examination and examination of both knees,
was done preoperatively, at 3 months, 6 months, and 1 year postoperatively, and then annually
thereafter. Long-leg standing films (with standing scanography used to measure the tibio-femoral
angle) were obtained annually postoperatively.

In each case, preoperative and postoperative articular depression were measured from the
Computed tomography (CT) coronal series. 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. When both plateaus were involved, a line was drawn at the level of the femoral
condyles and another line parallel to it was drawn through the base of the tibial spine, then lines were
drawn to the point of maximum depression of both plateaus. Magnetic resonance imaging scans were
used to identify meniscal disorders and ligamentous injuries.

Union was defined as the presence of a bridging callus on 2 radiographic views [29]. Nonunion
was defined as a failure of progressive radiographic healing over a 1 year period [2]. Osteoarthritic
changes were judged according to Ahlbäck’s scale [30] and the mechanical axis was measured by
radiography. On the basis of Ahlbäck’s scale, osteoarthritis was estimated by narrowing of the joint
space. Secondary osteoarthritis was defined as follows: if the radiograph showed a narrowed joint
space in the injured knee at follow-up, the comparison was with the film taken at the time of injury.
If the findings were comparable, no secondary degenerative change was recorded. If relative narrowing
was noted, comparison was then made with the film of the uninjured knee. Relative narrowing of
the joint space by less than 50% was considered mild, relative narrowing by greater than 50% was
considered moderate, and 100% (i.e., obliterated) narrowing was considered severe [31].

2.3. Statistical Methods

Each radiograph was evaluated by 5 observers (visiting orthopedic staff) in a blinded fashion to
assess interobserver variance. The 5 observers also classified fracture type and measured articular
depression in the 58 patients. Statistical analysis determined the interobserver variance in the diagnosis
for secondary osteoarthritis, fracture type, and articular depression. The interobserver variability by use
of the kappa method in the diagnosis of secondary osteoarthritis, fracture type, and articular depression
was in all cases insignificant (p < 0.05). The Mann–Whitney U test was used for comparing preoperative
and postoperative clinical and radiological outcomes. P < 0.05 was recognized as significance.
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3. Results

Data of the surgical patients are shown in Table 1. There was no significant relation between
fracture type and patient age, gender, or injured limb (p > 0.05). The average range of motion was
4.4 ± 9.18 to 98.0 ± 28.5 preoperatively and 1.5 ± 4.0 to 112.7 ± 18.8 postoperatively. The tibial-femoral
angles were 7.3 ± 3.3 (type II), 8.0 ± 2.8 (type III), −2.4 ± 5.44 (type IV), −1.5 ± 9.6 (type V), and 0.4 ± 7.6
(type VI) preoperatively and were corrected to 6.7 ± 5.7 (type II), 6.0 ± 0.0 (type III), 4.6 ± 4.3 (type IV),
3.4 ± 9.3 (type V), and 1.0 ± 7.5 (type VI) postoperatively. The preoperative depression of the plateaus
were 15.9 ± 6.2 (type II), 7.5 ± 3.5 (type III), 16.4 ± 3.8 (type IV), 19.5 ± 7.7 (type V), and 20.7 ± 5.6
(type VI) and were reduced to 2.8 ± 3.6 (type II), 0.0 ± 0.0 (type III), 2.7 ± 4.0 (type IV), 5.1 ± 4.9 (type
V), and 5.5 ± 3.4 (type VI) postoperatively. In total, the amount of depression of the plateaus were
17.7 ± 6.8 preoperatively and 3.9 ± 4.2 postoperatively. Significant difference was noted in type II, IV,
V, VI, and overall (Figures 2 and 3).
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Figure 2. (A,B) This 43-year-old patient had a Type II fracture, where open reduction with internal
fixation was done by two cannulated screws on the day of injury. This radiograph was checked four
months after the initial surgery, where a lateral split with depression was noted. (C,D) CT revealed
lateral plateau huge intraarticular split and depression. (E,F) Immediate postoperative radiograph after
arthroscopically-assisted corrective osteotomy (AACO), bone grafting with structural allograft femoral
head, and internal fixation by lateral plate. (G,H) 4 years after AACO, the plate was removed and the
radiological score were excellent.
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Figure 3. (A,B) This 57-year-old patient had a Type II fracture, where open reduction with internal
fixation was done by medial locking plate 3 days after injury. When this radiograph was checked
14 months after the initial surgery, lateral plateau depression and widening were noted. (C,D) CT
revealed lateral plateau huge intraarticular depression. (E,F) 2.5 years after AACO, the radiological
score was excellent.

3.1. Clinical Assessment

Table 4 shows preoperative and postoperative clinical assessment results. Preoperatively,
the clinical Rasmussen scores were 17.1 ± 1.9 (type II), 20.0 ± 4.2 (type III), 15.6 ± 4.4 (type IV),
14.9 ± 4.2 (type V), and 12.1 ± 4.1 (type VI). Postoperatively, the clinical scores increased to 22.6 ± 5.3
(type II), 26.0 ± 0.0 (type III), 25.3 ± 1.4 (type IV), 23.6 ± 4.0 (type V), and 21.6 ± 5.2 (type VI). In total, the
clinical scores were 15.4 ± 3.9 preoperatively and 23.2 ± 4.5 postoperatively. Significant difference was
noted in type II, IV, V, VI, and overall. The clinical satisfactory rate improved from 10.3% preoperatively
to 81% postoperatively.

Table 4. Results of clinical assessment in 58 patients.

Fracture
Type

No. of
Patients

Average
Clinical

Score
Excellent Good Fair Poor Satisfactory

Results

Type II 19 22.6 ± 5.3 4 (21%) 10 (52.6%) 5 (26.3%) None 73.7%
Type III 2 26.0 ± 0.0 None 2 (100%) None None 100%
Type IV 7 25.3 ± 1.4 1 (14.3%) 6 (85.7%) None None 100%
Type V 20 23.6 ± 4.0 1 (5%) 17 (85%) 1 (5%) 1(5%) 90%
Type VI 10 21.6 ± 5.2 1 (10%) 5 (50%) 4 (40%) None 60%

Total
Injuries 58 23.2 ± 4.5 7(12%) 40(68.9%) 10(17.2%) 1(1.7%) 47(81%)

3.2. Radiologic Assessment

All 58 fractures, except 2, achieved successful union (these 2 nonunion cases shifted to total knee
arthroplasty). The average union time was 19.6 weeks. Table 5 shows preoperative and postoperative
radiologic assessment results. Preoperatively, the radiological Rasmussen scores were 8.9 ± 1.4 (type
II), 13.0 ± 1.4 (type III), 8.0 ± 2.3 (type IV), 6.6 ± 2.6 (type V), and 6.2 ± 2.0 (type VI). Postoperatively,
the radiological scores increased to 13.3 ± 3.2 (type II), 17.0 ± 1.4 (type III), 14.3 ± 3.3 (type IV),
10.7 ± 4.2 (type V), and 9.6 ± 2.6 (type VI). In total, the radiological scores were 7.7 ± 2.5 preoperatively
and 12.0 ± 3.9 postoperatively. Significant difference was noted in type II, IV, V, VI, and overall.
The radiological satisfactory rate improved from 8.6% preoperatively to 62% postoperatively.
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Table 5. Results of radiological assessment in 25 patients.

Fracture
Type

No. of
Patients

Average
Radiological

Score
Excellent Good Fair Poor Satisfactory

Results

Type IV 5 16 (range:
14–18) 3 (60%) 2 (40%) None None 100%

Type V 2 16.5 (range:
14–18) 1 (50%) 1 (50%) None None 100%

Type VI 18 15 (range:
10–18) 9 (34%) 8 (44%) 1 (22%) None 94%

Total
Injuries 25 15.8 13 (52%) 11 (44%) 1 (4%) None 96% (24/25)

3.3. Associated Injuries and Procedures

Of the 58 patients in this series, 31 (53.4%) had associated intra-articular lesions (meniscus, cruciate
ligament, collateral ligament) (Table 1). Among these 31 patients, the meniscal injury was noted in
25 knees. There were 7 medial and 21 lateral meniscal injuries. Three knees had both medial and
lateral meniscal pathology. Five menisci were sutured, 23 were partially resected, and none were
totally removed. Ligament injuries were noted in 11 knees with 17 lesions, including 4 ACL complete
ruptures, 4 ACL partial ruptures, 1 PCL complete rupture, 3 PCL partial ruptures, and 1 medial
collateral ligament partial rupture. There were 4 combined ligament injuries (ACL partial tear and PCL
partial tear in three knees and ACL complete tear and PCL complete tear) in one knee. High-grade
chondral injuries (Outerbridge Gr 3, Gr 4) were noted in 11 type II, 2 type IV, 9 type V, and 6 type VI
fractures. In total, 28 (48.3%) knees had high-grade chondral injuries.

3.4. Complications

Secondary osteoarthritis was noted in 53 injured knees (91%). The relative narrowing of the joint
space was mild in 15 knees (25.8%; 7 type II, 1 type IV, 4 type V, and 3 type VI), moderate in 3 knees
(25.8 %; 4 type II, 4 type IV, 4 type V, and 3 type VI), and severe in 23 knees (38%; 6 type II, 1 type III,
2 type IV, 10 type V, and 4 type VI). In the 58 patients, deep infection was noted in 6 cases (10.3%).
Wound debridement, sequestrum removal, and copious irrigation were done and parenteral antibiotics
were used. The implants were removed if the screws were loosening and left in place if the screw and
plate were stable. In the six cases of deep infection, five cases were cured without recurrent infection
after one to two debridement surgeries. Two cases develop knee arthrofibrosis, with the range of
motion only 0 to 30 degree. Arthroscopic release was done for these two patients at the same time
when removing the locking plate and screws.

There was one case of wound edge necrosis that was noted 1 month after the index surgery.
Rotation musculocutaneous flap was done for wound coverage. The flap and wound healed well.
The osteotomy site healed well too.

Five cases (3 type II, 1 type V and 1 type VI) needed to shift to knee arthroplasty due to
persistent pain, nonunion, and radiograph-confirmed severe post-traumatic osteoarthritis. The average
interval between the index surgery to total knee arthroplasty was 13.5 months (range 8–24 months).
No complications directly associated with arthroscopy were noted in any of the 58 patients.

4. Discussion

In this report, we presented the surgical technique and radiographic and clinical outcomes
of arthroscopic-assisted corrective osteotomy in the treatment of tibial plateau fracture malunion
or nonunion. Postoperatively, 81% patients achieved satisfactory clinical results and 61% patients
achieved satisfactory radiographic results. Significant improvement was confirmed by comparing
preoperative and postoperative conditions.
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Complication after tibial plateau fracture surgery has been reported by several authors [1,3,32].
Papagelopoulos et al. divided the complications into early (i.e., loss of reduction, deep vein thrombosis,
infection) or late (i.e., malunion and nonunion, implant breakage, post-traumatic arthritis) categories [1].
Huang et al. analyzed the causes of failure for their 25 patients who had failed tibia plateau surgery
and revealed that 19 (76%) had inadequate fixation, 21 (84%) had malreduction, and 25 (100%) had
bone defects [3].

Knee arthroplasty for post traumatic knee arthritis following tibial plateau fracture malunion
or nonunion has been reported by many authors. However, according to different series, higher
complication rates: 13.7%–34%, poor outcomes: 19%–23%, soft-tissue compromise: 5%–13%, stiff knee:
4%–11.5%, high revision rate 4%–11%, and deep infection: 3%–5% were noted, where all of the
above were higher than primary knee arthroplasty for degenerative knee osteoarthritis [33–40].
Besides, 12%–13% of patients need semi-constrained or hinge knee implants for compensation of the
post-traumatic articular depression and ligament imbalance.

Corrective osteotomy could maintain the native knee joint, restore lower extremity alignment,
preserve the bone stock, delay joint replacement, and create better conditions for an eventual
replacement. These reconstructive surgical strategies were mentioned in only a few studies [2,4,9].
Wu et al. presented their technique for correction of the tibia plateau fracture malunion with varus
deformity by tibia shaft osteotomy distal to the tibial tubercle, realigning the lower extremity axis,
and medial fixation by 95◦ angled blade plate [2]. Postoperatively, the proximal medial tibial angle
(PMTA) was corrected to the acceptable range (80◦–99◦) in all patients and knee function improved in
88% patients. However, with this technique, intraarticular pathology, such as intraarticular step-off

and associate intraarticular soft tissue pathology, cannot be managed properly. Kerkhoffs et al.
reported their technique with combined intra-articular and varus opening wedge osteotomy for lateral
depression and valgus malunion of the tibia plateau [4,5]. According to their technique, with a
standard lateral arthrotomy, the anterior 50% to 60% of the lateral plateau can easily be visualized
to expose more posteriorly situated depressions, an osteotomy of the Gerdy tubercle and reflection
of the attached iliotibial tract allow visualization of approximately 80% of the lateral plateau, and an
additional osteotomy of the fibular head allows full anterior dislocation of the lateral tibial plateau.
An osteotomy of the tibial tuberosity is necessary when there is a combination of medial and lateral
malunions. Although the authors reported that excellent results were achieved in 74% patients, possible
disadvantages of extended arthrotomy and delayed healing of tibial tubercle osteotomy site may
be encountered.

Recently, computer-assisted planning and patient-specific surgical guidelines have been proposed
to correct tibial plateau post-traumatic malunion [41–43]. Initial results are encouraging. However,
this technique must mobilize the soft tissue attachment to fully position the guide on the bone.
This includes the pes anserinus and the ilio-tibial band. In addition, additional CTs will be required if
the opposite side is used as a reconstruction template, resulting in increased radiation exposure.

We presented the surgical technique and radiographic and clinical outcomes of
arthroscopic-assisted corrective osteotomy in the treatment of tibial plateau fracture malunion or
nonunion. In our series, postoperatively, 81% patients achieved satisfactory clinical result and
61% patients achieved satisfactory radiographic result. Significant improvement was confirmed by
comparing preoperative and postoperative conditions. This technique can be used in all type of tibial
plateau malunion and nonunion fractures. Of the 58 patients, 51.7% suffered Schatzker type V or
type VI fractures and could be managed by the technique very well with significant improvement
both clinically and radiologically. However, according to the Rasmussen score of radiological results,
fractures with type V or type VI would get relatively lower scores. This may explain why our series
had only a 61% for satisfactory radiologic results.

By the assistance of arthroscopy, the fracture malunion site could be identified, the corrective
osteotomy were created, and the depressed intraarticular fragment could be elevated under direct
visualization. Besides, the diagnosis, documentation, and management of associate intraarticular soft
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tissue pathology could be performed smoothly under arthroscopy at one-stage surgery. Our technique
avoided arthrotomy and fibulotomy. To the best of our knowledge, this is the first case series presenting
the new technique.

In our series, we had five cases that needed to convert to total knee arthroplasty due to persistent
pain, nonunion, and radiograph-confirmed severe post-traumatic osteoarthritis with a mean conversion
time of 13.5 months (range: 8–24 months). Three cases used primary total knee replacement and
two cases used constrained condylar knee prosthesis (LCCK; Zimmer) and there was no need for
rotating hinge type revision total knee replacement. There was no further complication related to the
arthroplasty procedure.

However, some limitations and weaknesses of this study must be acknowledged: there was no
control group, this was not a randomized study, only a single surgeon was involved, all patients were
rated by the same author, the sample size was limited, and follow-up to determine further osteoarthritic
change needs to be longer.

5. Conclusions

Arthroscopy-assisted corrective osteotomy, reduction, internal fixation, and strut allograft
augmentation is a unique and new method to restore tibial plateau malunion/nonunion with
well-documented radiographic healing, good clinical outcomes, and low complication rates.

Author Contributions: J.-Y.W. and Y.-S.C. conceived and planned the study. J.-Y.W., C.-Y.C. and A.C.-Y.C.
contributed to data acquisition and processing. J.-Y.W., and Y.-S.C. wrote the manuscript. All authors provided
critical feedback and directed the research, analysis, and writing of the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: The authors did not receive any specific grant for this research from any funding agency in the public,
commercial, or not-for-profit sectors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Papagelopoulos, P.J.; Partsinevelos, A.A.; Themistocleous, G.S.; Mavrogenis, A.F.; Korres, D.S.; Soucacos, P.N.
Complications after tibia plateau fracture surgery. Injury 2006, 37, 475–484. [CrossRef] [PubMed]

2. Wu, C.C. Salvage of proximal tibial malunion or nonunion with the use of angled blade plate. Arch. Orthop.
Trauma Surg. 2006, 126, 82–87. [CrossRef] [PubMed]

3. Huang, P.-H.; Cheng, C.-Y.; Chen, Y.-J.; Chao-Yu Chen, A.; Hsu, K.-Y.; Chan, Y.-S.; Chen, W.-J. Reasons for
failure of surgical treatment in 25 tibial plateau fractures. Formos. J. Musculoskelet. Disord. 2012, 3, 14–18.
[CrossRef]

4. Kerkhoffs, G.M.; Rademakers, M.V.; Altena, M.; Marti, R.K. Combined intra-articular and varus opening
wedge osteotomy for lateral depression and valgus malunion of the proximal part of the tibia. JBJS 2008, 90,
1252–1257. [CrossRef] [PubMed]

5. Kerkhoffs, G.M.; Rademakers, M.V.; Altena, M.; Marti, R.K. Combined intra-articular and varus opening
wedge osteotomy for lateral depression and valgus malunion of the proximal part of the tibia. Surgical
technique. JBJS 2009, 91 Pt 1 (Suppl. 2), 101–115. [CrossRef]

6. Saengnipanthkul, S. Uni-condyle high tibial osteotomy for malunion of medial plateau fracture: Surgical
technique and case report. J. Med Assoc. Thail. Chotmaihet Thangphaet 2012, 95, 1619–1624.

7. Prasad, G.; Zahn, H. Medial tibial hemi-condylar elevation osteotomy as an operative technique to treat
varus mal-united tibial plateau fracture. Musculoskelet. Surg. 2012, 96, 63–66. [CrossRef]

8. Singh, H.; Singh, V.R.; Yuvarajan, P.; Maini, L.; Gautam, V.K. Open wedge osteotomy of the proximal medial
tibia for malunited tibial plateau fractures. J. Orthop. Surg. 2011, 19, 57–59. [CrossRef]

9. Marti, R.K.; Kerkhoffs, G.M.; Rademakers, M.V. Correction of lateral tibial plateau depression and valgus
malunion of the proximal tibia. Oper. Orthop. Und Traumatol. 2007, 19, 101–113. [CrossRef]

10. Hung, S.S.; Chao, E.K.; Chan, Y.S.; Yuan, L.J.; Chung, P.C.; Chen, C.Y.; Lee, M.S.; Wang, C.J. Arthroscopically
assisted osteosynthesis for tibial plateau fractures. J. Trauma 2003, 54, 356–363. [CrossRef]

http://dx.doi.org/10.1016/j.injury.2005.06.035
http://www.ncbi.nlm.nih.gov/pubmed/16118010
http://dx.doi.org/10.1007/s00402-006-0106-9
http://www.ncbi.nlm.nih.gov/pubmed/16456660
http://dx.doi.org/10.1016/j.fjmd.2012.01.002
http://dx.doi.org/10.2106/JBJS.D.01816
http://www.ncbi.nlm.nih.gov/pubmed/18519318
http://dx.doi.org/10.2106/JBJS.H.01500
http://dx.doi.org/10.1007/s12306-011-0152-5
http://dx.doi.org/10.1177/230949901101900113
http://dx.doi.org/10.1007/s00064-007-1197-3
http://dx.doi.org/10.1097/01.TA.0000020397.74034.65


J. Clin. Med. 2020, 9, 973 12 of 13

11. Chan, Y.S.; Yuan, L.J.; Hung, S.S.; Wang, C.J.; Yu, S.W.; Chen, C.Y.; Chao, E.K.; Lee, M.S. Arthroscopic-assisted
reduction with bilateral buttress plate fixation of complex tibial plateau fractures. Arthrosc. J. Arthrosc. Relat.
Surg. 2003, 19, 974–984. [CrossRef] [PubMed]

12. Chan, Y.S.; Chiu, C.H.; Lo, Y.P.; Chen, A.C.; Hsu, K.Y.; Wang, C.J.; Chen, W.J. Arthroscopy-assisted surgery
for tibial plateau fractures: 2- to 10-year follow-up results. Arthrosc. J. Arthrosc. Relat. Surg. 2008, 24, 760–768.
[CrossRef]

13. Suganuma, J.; Akutsu, S. Arthroscopically assisted treatment of tibial plateau fractures. Arthrosc. J. Arthrosc.
Relat. Surg. 2004, 20, 1084–1089. [CrossRef] [PubMed]

14. Lubowitz, J.H.; Vance, K.J.; Ayala, M.; Guttmann, D.; Reid, J.B., 3rd. Interference screw technique for
arthroscopic reduction and internal fixation of compression fractures of the tibial plateau. Arthrosc. J. Arthrosc.
Relat. Surg. 2006, 22, 1359-e1. [CrossRef] [PubMed]

15. Cetik, O.; Cift, H.; Asik, M. Second-look arthroscopy after arthroscopy-assisted treatment of tibial plateau
fractures. Knee Surg. Sports Traumatol. Arthrosc. Off. J. Esska 2007, 15, 747–752. [CrossRef] [PubMed]

16. Chan, Y.S. Arthroscopy- assisted surgery for tibial plateau fractures. Chang. Gung. Med. J. 2011, 34, 239–247.
[CrossRef]

17. Van Glabbeek, F.; van Riet, R.; Jansen, N.; D’Anvers, J.; Nuyts, R. Arthroscopically assisted reduction and
internal fixation of tibial plateau fractures: Report of twenty cases. Acta Orthop. Belg. 2002, 68, 258–264.

18. Fowble, C.D.; Zimmer, J.W.; Schepsis, A.A. The role of arthroscopy in the assessment and treatment of tibial
plateau fractures. Arthrosc. J. Arthrosc. Relat. Surg. 1993, 9, 584–590. [CrossRef]

19. Guanche, C.A.; Markman, A.W. Arthroscopic management of tibial plateau fractures. Arthrosc. J. Arthrosc.
Relat. Surg. 1993, 9, 467–471. [CrossRef]

20. Vangsness, C.T., Jr.; Ghaderi, B.; Hohl, M.; Moore, T.M. Arthroscopy of meniscal injuries with tibial plateau
fractures. J. Bone Jt. Surg. Br. Vol. 1994, 76, 488–490. [CrossRef]

21. Schatzker, J.; McBroom, R.; Bruce, D. The tibial plateau fracture. The Toronto experience 1968–1975. Clin.
Orthop. Relat. Res. 1979, 138, 94–104.

22. Outerbridge, R.E.; Dunlop, J.A. The problem of chondromalacia patellae. Clin. Orthop. Relat. Res. 1975,
177–196. [CrossRef] [PubMed]

23. Rasmussen, P.S. Tibial condylar fractures. Impairment of knee joint stability as an indication for surgical
treatment. JBJS 1973, 55, 1331–1350. [CrossRef]

24. Hohl, M. Tibial condylar fractures. JBJS 1967, 49, 1455–1467. [CrossRef]
25. Jensen, D.B.; Rude, C.; Duus, B.; Bjerg-Nielsen, A. Tibial plateau fractures. A comparison of conservative and

surgical treatment. J. Bone Jt. Surg. Br. Vol. 1990, 72, 49–52. [CrossRef]
26. Lobenhoffer, P.; Schulze, M.; Gerich, T.; Lattermann, C.; Tscherne, H. Closed reduction/percutaneous fixation

of tibial plateau fractures: Arthroscopic versus fluoroscopic control of reduction. J. Orthop. Trauma 1999, 13,
426–431. [CrossRef]

27. Hsu, C.J.; Chang, W.N.; Wong, C.Y. Surgical treatment of tibial plateau fracture in elderly patients. Arch.
Orthop. Trauma Surg. 2001, 121, 67–70. [CrossRef]

28. Gill, T.J.; Moezzi, D.M.; Oates, K.M.; Sterett, W.I. Arthroscopic reduction and internal fixation of tibial plateau
fractures in skiing. Clin. Orthop. Relat. Res. 2001, 243–249. [CrossRef]

29. Whittle, A.P.; Russell, T.A.; Taylor, J.C.; Lavelle, D.G. Treatment of open fractures of the tibial shaft with the
use of interlocking nailing without reaming. JBJS 1992, 74, 1162–1171. [CrossRef]

30. Ahlback, S. Osteoarthrosis of the knee. A radiographic investigation. Acta Radiol. Diagn. 1968, 227 (Suppl.
277), 7–72.

31. Honkonen, S.E. Degenerative arthritis after tibial plateau fractures. J. Orthop. Trauma 1995, 9, 273–277.
[CrossRef] [PubMed]

32. Rademakers, M.V.; Kerkhoffs, G.M.; Sierevelt, I.N.; Raaymakers, E.L.; Marti, R.K. Operative treatment of
109 tibial plateau fractures: Five- to 27-year follow-up results. J. Orthop. Trauma 2007, 21, 5–10. [CrossRef]
[PubMed]

33. Scott, C.E.; Davidson, E.; MacDonald, D.J.; White, T.O.; Keating, J.F. Total knee arthroplasty following tibial
plateau fracture: A matched cohort study. Bone Jt. J. 2015, 97, 532–538. [CrossRef] [PubMed]

34. Lizaur-Utrilla, A.; Collados-Maestre, I.; Miralles-Munoz, F.A.; Lopez-Prats, F.A. Total Knee Arthroplasty for
Osteoarthritis Secondary to Fracture of the Tibial Plateau. A Prospective Matched Cohort Study. J. Arthroplast.
2015, 30, 1328–1332. [CrossRef]

http://dx.doi.org/10.1016/j.arthro.2003.09.038
http://www.ncbi.nlm.nih.gov/pubmed/14608317
http://dx.doi.org/10.1016/j.arthro.2008.02.017
http://dx.doi.org/10.1016/j.arthro.2004.09.008
http://www.ncbi.nlm.nih.gov/pubmed/15592240
http://dx.doi.org/10.1016/j.arthro.2006.04.110
http://www.ncbi.nlm.nih.gov/pubmed/17157737
http://dx.doi.org/10.1007/s00167-006-0276-6
http://www.ncbi.nlm.nih.gov/pubmed/17225173
http://dx.doi.org/10.1016/j.arthro.2014.06.005
http://dx.doi.org/10.1016/S0749-8063(05)80410-4
http://dx.doi.org/10.1016/S0749-8063(05)80324-X
http://dx.doi.org/10.1302/0301-620X.76B3.8175862
http://dx.doi.org/10.1097/00003086-197507000-00024
http://www.ncbi.nlm.nih.gov/pubmed/1098819
http://dx.doi.org/10.2106/00004623-197355070-00001
http://dx.doi.org/10.2106/00004623-196749070-00022
http://dx.doi.org/10.1302/0301-620X.72B1.2298794
http://dx.doi.org/10.1097/00005131-199908000-00006
http://dx.doi.org/10.1007/s004020000145
http://dx.doi.org/10.1097/00003086-200102000-00028
http://dx.doi.org/10.2106/00004623-199274080-00005
http://dx.doi.org/10.1097/00005131-199509040-00001
http://www.ncbi.nlm.nih.gov/pubmed/7562147
http://dx.doi.org/10.1097/BOT.0b013e31802c5b51
http://www.ncbi.nlm.nih.gov/pubmed/17211262
http://dx.doi.org/10.1302/0301-620X.97B4.34789
http://www.ncbi.nlm.nih.gov/pubmed/25820894
http://dx.doi.org/10.1016/j.arth.2015.02.032


J. Clin. Med. 2020, 9, 973 13 of 13

35. Houdek, M.T.; Watts, C.D.; Shannon, S.F.; Wagner, E.R.; Sems, S.A.; Sierra, R.J. Posttraumatic Total
Knee Arthroplasty Continues to Have Worse Outcome Than Total Knee Arthroplasty for Osteoarthritis.
J. Arthroplast. 2015. [CrossRef]

36. Abdel, M.P.; von Roth, P.; Cross, W.W.; Berry, D.J.; Trousdale, R.T.; Lewallen, D.G. Total Knee Arthroplasty
in Patients With a Prior Tibial Plateau Fracture: A Long-Term Report at 15 Years. J. Arthroplast. 2015, 30,
2170–2172. [CrossRef]

37. Wasserstein, D.; Henry, P.; Paterson, J.M.; Kreder, H.J.; Jenkinson, R. Risk of total knee arthroplasty after
operatively treated tibial plateau fracture: A matched-population-based cohort study. JBJS 2014, 96, 144–150.
[CrossRef]

38. Parratte, S.; Bonnevialle, P.; Pietu, G.; Saragaglia, D.; Cherrier, B.; Lafosse, J.M. Primary total knee arthroplasty
in the management of epiphyseal fracture around the knee. Orthop. Traumatol. Surg. Res. Otsr 2011, 97,
S87–S94. [CrossRef]

39. Civinini, R.; Carulli, C.; Matassi, F.; Villano, M.; Innocenti, M. Total knee arthroplasty after complex tibial
plateau fractures. La Chir. Degli Organi Di Mov. 2009, 93, 143–147. [CrossRef]

40. Saleh, K.J.; Sherman, P.; Katkin, P.; Windsor, R.; Haas, S.; Laskin, R.; Sculco, T. Total knee arthroplasty after
open reduction and internal fixation of fractures of the tibial plateau: A minimum five-year follow-up study.
JBJS 2001, 83-a, 1144–1148. [CrossRef]

41. Pagkalos, J.; Molloy, R.; Snow, M. Bi-planar intra-articular deformity following malunion of a Schatzker
V tibial plateau fracture: Correction with intra-articular osteotomy using patient-specific guides and
arthroscopic resection of the tibial spine bone block. Knee 2018, 25, 959–965. [CrossRef] [PubMed]

42. Wang, H.; Newman, S.; Wang, J.; Wang, Q.; Wang, Q. Corrective Osteotomies for Complex Intra-Articular
Tibial Plateau Malunions using Three-Dimensional Virtual Planning and Novel Patient-Specific Guides.
J. Knee Surg. 2018, 31, 642–648. [CrossRef] [PubMed]

43. Furnstahl, P.; Vlachopoulos, L.; Schweizer, A.; Fucentese, S.F.; Koch, P.P. Complex Osteotomies of Tibial
Plateau Malunions Using Computer-Assisted Planning and Patient-Specific Surgical Guides. J. Orthop.
Trauma 2015, 29, e270–e276. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.arth.2015.07.022
http://dx.doi.org/10.1016/j.arth.2015.06.032
http://dx.doi.org/10.2106/JBJS.L.01691
http://dx.doi.org/10.1016/j.otsr.2011.06.008
http://dx.doi.org/10.1007/s12306-009-0033-3
http://dx.doi.org/10.2106/00004623-200108000-00002
http://dx.doi.org/10.1016/j.knee.2018.05.015
http://www.ncbi.nlm.nih.gov/pubmed/29891210
http://dx.doi.org/10.1055/s-0037-1605563
http://www.ncbi.nlm.nih.gov/pubmed/28841730
http://dx.doi.org/10.1097/BOT.0000000000000301
http://www.ncbi.nlm.nih.gov/pubmed/25932528
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Surgical Technique 
	Clinical and Radiologic Assessment 
	Statistical Methods 

	Results 
	Clinical Assessment 
	Radiologic Assessment 
	Associated Injuries and Procedures 
	Complications 

	Discussion 
	Conclusions 
	References

