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Objectives: To propose an updated definition of proximal tibia and fibula fracture (PTFF) and establish a three-
dimensional (3D) structure-based classification of PTFF.

Methods: In total, 1358 adult patients (837 males and 521 females; 43.61 � 15.13 years， 1364 affected knees)
who were diagnosed with PTFF at the departments of orthopaedic surgery of four hospitals from January 2010 to
December 2019 were enrolled. The new classification of PTFF, termed Wu classification, included three parts: classifi-
cation of columns in the horizontal plane, regions in the frontal plane, and segments in the sagittal plane. All PTFFs
were classified according to Schatzker, Luo, and Wu classification systems. Additionally, the incidence and character-
istics of PTFFs were analyzed.

Results: The major internal structural fractures of PTFF were tibial plateau fracture (TPF) only (725, 53.15%), TPF and
proximal fibular fracture (274, 20.09%), and isolated avulsion fracture of the posterior cruciate ligament (PCL)
(189, 13.86%). Approximately a quarter of PTFF cases could not be classified using Schatzker or Luo classifications,
but all PTFF cases could be classified using Wu classification. The most frequent PTFFs included all four columns in
region IV, segment 2 (235, 17.23%); the posterolateral and posteromedial columns in region II, segment
2 (191, 14.00%); and the lateral and posterolateral columns in region IV, segment 2 (136, 9.97%). Isolated avulsion
fracture of the anterior cruciate ligament (ACL) was categorized as three injury types, most of which involved the lateral
and medial columns in region II, segment 1 (40/63, 64%). More than 97% of cases of isolated fractures of the PCL
involved the posterolateral and posteromedial columns in region II, segment 2. The most frequent combined avulsion
fracture of the ACL and PCL included all four columns in region II, segment 2 (18/24, 75%). All of the isolated avulsion
fractures of the ACL were located in segment 1, and all those of the PCL in segment 2. The most common type of iso-
lated proximal fibular fracture involved the posterolateral column in region III, segment 2 (23/26, 88%). The most fre-
quent combined TPF and proximal fibular fracture involved all four columns in region IV, segment
2 (107/274, 39.05%).

Conclusions: All cases of PTFF could be classified by the new 3D Wu classification which should be beneficial for clin-
ical diagnosis, guidance of treatment, statistical analysis, academic communication, and prognosis, and the most fre-
quent PTFF involved all four columns in region IV, segment 2.
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Introduction

Tibial plateau fractures (TPFs) are common and compli-
cated injuries around the knee that result from high- or

low-energy trauma, and an increasing number of studies are
focused on TPF1–4. Even though TPF and proximal fibula
fracture are similar in terms of morphology, mechanism of
injury, soft tissue damage, diagnosis, classification, treatment,
and knee reconstruction, it has been recognized that the
importance of fibular fractures helped us to treat tibial
fractures easily5. Although more than 30.0% of TPFs co-
occur with proximal fibular fractures6, and up to 63.4% of
bicondylar TPFs co-occur with fibular-head fractures7,
there is a lack of research focusing on combined proximal
tibia and fibula fracture (PTFF). In 1986, Hall et al.8

reported a case with fracture of proximal part of tibia and
fibula associated with an entrapped popliteal artery. Men-
delson et al.9 reported on an 89-year-old woman with a
proximal tibia and fibula fragility fracture in 2011.
Cheung et al.10 reported on an 82-year-old man who
experienced an insufficiency fracture of the proximal fib-
ula and the tibia in 2013. There is a need for a clear defi-
nition of PTFF that accurately describes its anatomy and
scope and is universally applicable in adults.

Although lacking for PTFF, the classification of TPF has
been studied thoroughly and systematically. TPF can be classi-
fied either according to X-rays or according to computed
tomography (CT). Based on X-rays, conventional classification
systems (Hohl and Moore, Schatzker, Orthopaedic Trauma
Association/Arbeitsgemeinschaft für Osteosynthesefragen
[OTA/AO] 2007) have played significant roles in guiding sur-
gical treatment11–14. However, these classifications systems,
which use X-ray, lack the terminology to accurately character-
ize fractures involving the posterior tibial plateau in the coro-
nal plane. Furthermore, classification based on two-
dimensional image results is limited, as it conveys incomplete
fracture information that may lead to misdiagnosis of postero-
lateral TPF as well as intraoperative mistakes.

According to the horizontal plane in CT, Luo et al.15,
16 proposed the three-column classification (medial, lateral,
and posterior columns) system. Other researchers have fur-
ther subdivided the three-column classification. Yang et al.17

divided the posterior column into the posteromedial and
posterolateral columns. Wahlquist et al.18 divided the medial
column into the medial, inter-, and lateral condyles, while
Yang et al.19 divided it into anteromedial, total lateral, and
posteromedial columns. Chen et al.20 refined posterior-
condyle fractures into five subtypes. Moreover, others have
divided TPF into four to 10 subtypes. For example, Gicquel
et al.21 revised the Duparc classification into four subtypes:
unicondylar, bicondylar, spinocondylar, and posteromedial
fractures, while Chang et al.22 divided it into two condyles

and four quadrants. Hoekstra et al.23 classified TPF into
seven types: lateral, medial, posterior, anterior, rim,
bicondylar, and subcondylar. Gebel et al.24 divided the joint
surface into nine areas. Furthermore, Yao et al.6 classified
TPF according to four columns and nine segments and pro-
posed a new intermedial column concept (containing the
tubercle area, bare area, and anterior/posterior cruciate liga-
ment (ACL/PCL) insertion area). The most precise classifica-
tion is that by Krause et al.25, 26, mapping TPF to
10 segments. Although the Krause classification appears to
be the most detailed system so far, we are convinced of that
the fracture line distribution can be described more precisely
and visually.

Despite the large number of classifications of TPF
according to CT, almost all are based on the horizontal plane
rather than on three-dimensional (3D) space, which also
includes the frontal and sagittal planes. Moreover, current
TPF classifications place little emphasis on the proximal fib-
ula and fail to evaluate the complexity of the fracture suffi-
ciently for clinical and academic use24. As Zeltser et al.27 has
stated, no classification method currently includes all pat-
terns of TPF and that there is still no clear consensus avail-
able on how to treat TPFs due to the wide variety of
classification systems, surgical approaches, and fixation
methods28. However, a better and more comprehensive
understanding of the fracture line distribution and morpho-
logical features of major fragment is essential for therapeutic
decision-making29. So, an entire, accurate, and visual classifi-
cation of fractures, including an appropriate summary and
fracture mapping, will help surgeons better comprehend,
document, and communicate information about fractures30.

In the present study, our aims were to: (i) propose an
updated definition of proximal tibia and fibula, and an
updated definition of PTFF; (ii) develop a new classification
method of PTFF based on its 3D structure; and (iii) analyze
the incidence and fracture characteristics of PTFF using the
new classification framework. In order to provide a morpho-
logical basis for the new classification system, radiological
imaging, including X-ray imaging, CT, and 3D reconstruc-
tion, was used to measure and analyze the proximal
tibiofibular morphology and 3D bone structure, and this was
the fourth point of study. Before the study was initiated, ethi-
cal approval was obtained from the Human Research Ethics
Committee in the first author’s hospital. The research project
conformed to the provisions of the Declaration of Helsinki.

Materials and Methods

Subjects
Inclusion criterion were as follows: (i) patients older than
18 years and diagnosed with PTFF; (ii) this study was
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conducted at the departments of orthopaedic surgery of four
hospitals. Patients had received complete radiological data
including the standardized X-ray imaging, CT, and 3D
reconstruction for both knees. All patients remained in the
same position during CT machine examination (supine posi-
tion with both knees straight). Relevant imaging parameters
of patients were used for measurement and analysis. All
PTFFs were classified; (iii) all PTFFs were classified
according to Schatzker11, Luo15, and new classification sys-
tems; (iv) the new classification of PTFF was proposed and
the incidence and characteristics of PTFFs were analyzed;
(v) a retrospective, multicenter study.

Exclusion criteria were as follows: (i) insufficient CT
information; (ii) bullet wounds; (iii) bone defects;
(iv) pathological or periprosthetic fractures; (v) congenital or
acquired malformation of the tibial plateau; (vi) severe osteo-
porosis; (vii) the patient did not remain the supine position
with both knees straight during CT machine examination.
For example, the patient’s knees were flexion during CT
machine examination.

In total, 1358 patients (1364 affected knees) at the
departments of orthopaedic surgery of four hospitals from
January 2010 to December 2019 were enrolled in this study,
including 402 patients from Jiangmen Central Hospital
(Affiliated Jiangmen Hospital of Sun Yat-Sen University),
480 patients from Jiangmen Wuyi Hospital of Traditional
Chinese Medicine (TCM) (Affiliated Jiangmen TCM Hospi-
tal of JiNan University), 118 patients from Zhongshang
Xiaolang People’s Hospital (Affiliated Xiaolang Hospital of
Southern Medical University), and 358 patients from
Jiangmen People’s Hospital (Affiliated Jiangmen Hospital of
Southern Medical University).

Definition of Proximal Tibia and Fibula
The proximal tibia was defined as the area between the
highest point of the intercondylar eminence of the tibial pla-
teau down to point G in Fig. 1. To determine point G, the
width of the tibia, from the innermost point of the articular
surface of the medial plateau to the outermost point of the
articular surface of the lateral plateau, was measured. That
measurement was used to draw a perpendicular line, inferi-
orly from the highest point of the intercondylar eminence;
the end of the line was labeled point G. The proximal fibula
was defined as the region of the fibula at the same level as
the proximal tibia.

New Classification of PTFF
Based on 3D structure, the new classification of PTFF con-
sisted of three parts: columns in the horizontal plane, regions
in the frontal plane, and segments in the sagittal plane. Four
columns were defined: the lateral, medial, posteromedial, and
posterolateral columns. Each fracture is located in a mini-
mum of one and a maximum of four columns according to
the fracture line. For example, a complex fracture may be
located in the lateral, medial, and posterolateral column.

Figure 2 illustrates the four columns in the horizontal plane
on an axial CT image of the head of the fibula.

Four regions were defined: regions I, II, III, and
IV. Figure 3 illustrates the four regions in the frontal plane
of the proximal tibia and fibula.

Two segments were defined: segments 1 and 2. Figure 4
illustrates the two segments in the sagittal plane of the proxi-
mal tibia and fibula.

Taken together, PTFF is classified in three planes, simi-
lar to the X-, Y-, and Z-axes of 3D coordinates. This new
framework, termed “Wu classification,” can be used for all
patterns of PTFF (including TPF and proximal fibula frac-
ture). For example, the complex PTFF displayed in Fig. 5 is
located in the lateral and posterolateral columns in region
IV, segment 2.

Radiological Measurements
All patients underwent standard anteroposterior and lateral
X-ray imaging of both knee joints, tibias, and fibulas, as well
as CT and 3D reconstruction of both knees. Three investiga-
tors measured the following lines independently in patients’
non-injured knee.

Length of Line CD
Length of line CD in Fig. 1 (cm) was defined as the length
from the innermost point C of the articular surface of the
medial plateau to the outermost point D of the articular sur-
face of the lateral plateau in anteroposterior X-ray of knee
joint. Similarly, the length of line CD had be measured on
the frontal plane of CT. The length of line CD was measured
to evaluate the width of the proximal tibia.

Length of Line OA
A CT image of the head of the fibula in the horizontal plane
is indicated in Fig. 2. The length of line OA (cm) was defined
as the length from the center point O of the tibial plateau to
the most anterior point A of the proximal tibia (located in
the anterior tibial tubercle). Similarly, the length of line OA
had to be measured on the anteroposterior and lateral X-ray.
The length of line OA was measured to evaluate the length
of the medial column and lateral column.

Length of Line OB
A CT image of the head of the fibula in the horizontal plane
is indicated in Fig. 2. The length of line OB (cm) was defined
as the length from the center point O of the tibial plateau to
the posteromedial point B of the proximal tibia. Similarly,
the length of line OB had to be measured on the
anteroposterior and lateral X-ray. The length of line OB was
measured to evaluate the width of the medial column and
posteromedial column. The area between line OA and line
OB is the scope of the medial column.

Length of Line OC
A CT image of the head of the fibula in the horizontal plane
is indicated in Fig. 2. The length of line OC (cm) was defined

2444
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 8 • DECEMBER, 2021
NEW DEFINITION AND 3D CLASSIFICATION OF PTFFs



as the length from the center point O of the tibial plateau to
the most anterior point C of the fibular head. Similarly, the
length of line OC had be measured on the anteroposterior
and lateral X-ray. The length of line OC was measured to
evaluate the width of the lateral column and posterolateral
column. The area between line OA and line OC is the scope
of the lateral column.

Length of Line OD
A CT image of the head of the fibula in the horizontal plane
is indicated in Fig. 2. A straight line is drawn from point A
to O, and extended. The intersection of this line with the
posterior margin of the proximal tibia is point D. The length
of line OD (cm) was defined as the length from the center
point O of the tibial plateau to the posterior margin point D
of the proximal tibia. Similarly, the length of line OD had be
measured on the anteroposterior and lateral X-ray. The
length of line OD was measured to evaluate the length of the
posteromedial column and posterolateral column. The area
between line OB and line OD is the scope of the post-
eromedial column. The area between line OC and line OD is
the scope of the posterolateral column.

Vertical Length of Point E and Point F on Coronal Plane
Projection
In the posterior view of the proximal tibia and fibula of
Figs 3,6, the vertical length of the point E and point F on the
coronal plane projection (cm) was defined as the vertical
length in the frontal plane from the coronal plane projection
point E1 of point E to coronal plane projection point F1 of
point F. At this time, the measurement was performed on
anteroposterior X-ray and in the frontal plane of CT. The
vertical length of point E and point F on the coronal plane
projection was measured to evaluate the vertical length of
region I. Region I in the frontal plane is the area between
points E and F, consisting completely of the tibial inter-
condylar eminence.

Vertical Length of Point E and Point G on Coronal Plane
Projection
In the posterior view of the proximal tibia and fibula of
Figs 3,6, the vertical length of point E and point G on the
coronal plane projection (cm) was defined as the vertical
length in the frontal plane from coronal plane projection
point E1 of point E to coronal plane projection point G1 of

Fig. 1 An updated definition of the proximal tibia and fibula (image A). In the frontal view of the knee using anterior–posterior X-ray imaging, a

straight line was drawn from the innermost point (C) of the articular surface in the medial plateau of the tibia to the outermost point (D) of the

articular surface of the lateral plateau of the tibia. Line AB, which is parallel to line CD, passes through point O, the highest point of the intercondylar

eminence of the tibial plateau. Line OG is a straight line, perpendicular to line AB, with the same length as line CD. Line EF, parallel to line AB,

passes through point G. The areas of the tibia and fibula between lines AB and EF were defined as the proximal tibia and fibula, respectively, and a

fracture in this area was defined as a proximal tibia and fibula fracture. The measure method schematic diagram in length of line CD (image B).
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Fig. 2 Definition of columns in Wu classification. A computed-tomography image (image A) and freehand schematic diagram (image B) of

the head of the fibula in the horizontal plane are indicated. Point O is the center of the tibial plateau. Point A represents the most anterior

point of the proximal tibia, located in the anterior tibial tubercle. Point B is the posteromedial point of the proximal tibia. Point C is the

most anterior point of the fibular head. A straight line is drawn from point A to O, and extended. The intersection of this line with the posterior

margin of the proximal tibia is point D. Point O is also connected to points B and C using straight lines. As a result, the tibial plateau

is divided into a lateral column (bordered by line AOC), a medial column (bordered by line AOB), a posteromedial column (bordered by line

BOD), and a posterolateral column (bordered by line COD). The measure method freehand schematic diagram in length of line OA, OB, OC,

and OD (image C).

Fig. 3 Definition of regions in Wu classification. A photograph (image A) and freehand schematic diagram (image B) in the posterior view of the

proximal tibia and fibula are indicated. Point E is the highest point of the intercondylar eminence in the tibial plateau. Point F is the outermost point

of the cortical surface in the lateral tibial plateau. Point G is the highest point of the fibular head, and point H is outermost lateral point of the fibular

head. Region I is the area between points E and F, consisting completely of the tibial intercondylar eminence. Region II is the area between points F

and G. Region III is the area between points G and H. Region IV is the area below point H. The determination of the region is based on the lowest

point of the fracture.
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point G. At this time, the measurement was performed on
anteroposterior X-ray and in the frontal plane of CT. The
vertical length of the point E and point G on the coronal
plane projection was measured to evaluate the vertical length
of region I plus region II. Region II in the frontal plane is
the area between points F and G.

Vertical Length of Point E and Point H on Coronal Plane
Projection
In the posterior view of the proximal tibia and fibula of
Figs 3,6, the vertical length of point E and point H on the
coronal plane projection was defined as the vertical length in
the frontal plane from the coronal plane projection point E1
of point E to coronal plane projection point H1 of point
H. At this time, the measurement was performed on
anteroposterior X-ray and in the frontal plane of CT. The
vertical length of point E and point H on the coronal plane
projection was measured to evaluate the vertical length of
region I plus region II plus region III. Region III in the fron-
tal plane is the area between points G and H. Region IV in
the frontal plane is the area below point H.

Distance between Lines LM and IK
On the lateral X-ray of the knee in Fig. 4, distance between
lines LM and IK (cm) was defined as the shortest distance
between two parallel lines LM and IK in the sagittal plane of
the knee. Similarly, the distance between lines LM and IK
had been measured on the sagittal plane of CT. The distance
between lines LM and IK was measured to evaluate the

length of segment 1. Segment 1 in the sagittal plane is the
area between lines LM and IK.

Distance between Lines LM and NP
On the lateral X-ray of the knee in Fig. 4, distance between
lines LM and NP (cm) was defined as the shortest distance
between two parallel lines LM and NP in the sagittal plane
of the knee. Similarly, the distance between lines LM and NP
had been measured on the sagittal plane of CT. The distance
between lines LM and NP was measured to evaluate the
length of segment 1 plus segment 2. Segment 2 in the sagittal
plane is the area between lines IK and NP.

All data were measured in the measurement system of
X-ray and CT machine. To determine the actual lengths of
the lines, account had to be taken for the zoom ratios in the
X-ray and CT images. Each measurement was averaged for
the three investigators. Patients with bilateral PTFF were
excluded for this part of the research.

Statistical Analysis
Statistical analysis was carried out using IBM SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, NY, USA).
Quantitative data were presented as the mean � standard
deviation. Qualitative data were indicated as frequency (per-
centage). An independent, two-sided t-test was used to deter-
mine whether there were statistically significant differences
in PTFF locations between patients of different genders.
P < 0.05 was considered statistically significant.

Fig. 4 Definition of segments in Wu classification. A lateral X-ray of the knee image (image A) and freehand schematic diagram (image B) in the sagittal

plane of the proximal tibia and fibula are indicated. A straight line (IJ) is drawn along the posterior cortical margin of the tibia. When this line is extended

superiorly, its intersection with the cortical surface of the tibial plateau is point K. Point L is the anterior point of the tibial tubercle. Line LM is parallel to

line IK. Point N is the posterior point of the proximal fibula. Line NP is parallel to lines IK and LM. Segment 1 is the area between lines LM and IK, and

segment 2 is the area between lines IK and NP. The determination of the segment is based on the posterior point of the fracture line. The measure

method freehand schematic diagram in distance between lines LM and IK and distance between lines LM and NP (image C).
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Fig. 5 Wu Classification of a complex proximal tibia and fibula fracture. A 41-year-old female patient sustained fractures of the left tibial plateau

and proximal fibula due to a traffic accident in February 2019. There is type II of Schatzker classification from X-ray imaging (A, B), lateral and

poster columns of Luo classification from CT (C). According to the Wu classification, based on results of CT (C, D, E, F), and 3D reconstruction

(G, H, I), the fracture was located in the lateral and posterolateral columns, region IV, and segment 2.
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Results

Demographic Data of Radiological Measurements
For the radiological measurements, 1352 adult patients
(834 males, 518 females; 749 left knees, 603 right knees) were
included. The average age of these patients was 43.61
� 15.12 years (range, 18–84 years).

Result of Radiological Measurements
The results of the radiological measurements using X-ray
imaging and CT are summarized in Table 1. The length of
line CD were 7.25 � 0.79 cm in X-ray and 7.26 � 0.83 cm
in CT, and there was no statistical difference between the
two measurements (t = 0.259, P = 0.899). And similarly,
there was no statistical difference in the length of line OA
between 2.56 � 0.31 cm in X-ray measurement and 2.58
� 0.29 cm in CT measurement (t = 0.452, P = 0.717).
Moreover, the length of line OB was 3.49 � 0.41 cm in X-
ray and 3.46 � 0.39 cm in CT, and no statistical difference
between the two measurements (t = 0.496, P = 0.688) could
be found. Furthermore, the measurement results in length of
line OC on X-ray (3.53 � 0.51cm), which was similar to
those measured on CT (3.51 � 0.48cm) (t = 0.434, P

= 0.788). And there was no statistical difference in the
length of line OD between 2.10 � 0.41 cm in X-ray measure-
ment and 2.11 � 0.35 cm in CT measurement (t = 0.406,
P = 0.804).

The vertical length of point E and point F on the cor-
onal plane was 0.79 � 0.15 cm in X-ray and 0.82
� 0.13 cm in CT, and there was no statistical difference
between the two measurements (t = 0.512, P = 0.672).
And similarly, there was no statistical difference in vertical
length of point E and point G on the coronal plane
between 2.12 � 0.38 cm in X-ray measurement and 2.14
� 0.33 cm in CT measurement (t = 0.439, P = 0.701).
Moreover, the vertical length of point E and point H on
the coronal plane were 3.69 � 0.55 cm in X-ray and 3.68
� 0.51 cm in CT, and no statistical difference between the
two measurements (t = 0.355, P = 0.843) could be found.
Furthermore, the measurement results in the distance
between lines LM and IK on X-ray (3.73 � 0.48 cm) were
similar to those measured on CT (3.75 � 0.42cm) (t
= 0.421, P = 0.791). There was no statistical difference in
the distance between lines LM and NP between 5.42
� 0.66 cm in X-ray measurement and 5.43 � 0.64 cm in
CT measurement (t = 0.339, P = 0.876).

Fig. 6 Measure method freehand schematic diagram in vertical length of the point E and point F, point E and point G, point E and point H on the

coronal plane projection. In the posterior view of the proximal tibia and fibula, point E1 is the projection point of point E on the coronal plane, point

F1 is the projection point of point F on the coronal plane, point G1 is the projection point of point G on the coronal plane, and point H1 is the

projection point of point H on the coronal plane. The vertical length of point E and point F, point E and point G, point E and point H on the coronal

plane projection (cm) was to measure the distance between point E1 and point F1, point E1 and point G1, point E1 and point H1.
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Basic Data of PTFF Classification
For classification of PTFF, 1358 adult patients (837 males,
521 females; 1364 affected knees) were included. The rate of
PTFF was higher in males than in females (ratio = 1:0.62).
There were no statistically significant differences in the mean
age of males (42.02 � 14.21 years; range, 18–84 years) and
females (44.94 � 15.48 years; range 19–80 years) (t = 0.332,
P = 0.883). Only the left knee was involved in 749 (54.91%)
cases, and the right in 603 (44.21%) cases; six (0.44%)
patients sustained bilateral injuries. Traffic accidents
(669, 49.26%) were the biggest cause of PTFF, followed by
falls (573, 42.19%), falls from heights (103, 7.58%), crushing
injury (6, 0.44%), kick injury (5, 0.37%), and gas explo-
sion (2, 0.15%).

The major internal structural fractures of PTFF were
TPF only (725, 53.15%), TPF and proximal fibular fracture
(274, 20.09%), isolated avulsion fracture of the PCL
(189, 13.86%), isolated avulsion fracture of the ACL
(63, 4.62%), isolated proximal fibular fracture (26, 1.91%)
and avulsion fractures of the ACL and PCL (24, 1.76%). The
minor internal structural fractures of PTFF were isolated tib-
ial tubercle fracture (4, 0.29%), tibial plateau fracture and
avulsion fracture of the PCL (5, 0.37%) and tibial plateau
fracture and avulsion fracture of the ACL (12, 0.88%). In
addition, there were 42 (3.08%) cases in other complicated
fractures.

Results of PTFF Classification
Approximately a quarter of cases could not be classified
using the Schatzker classification. The most frequent types
were types II (296, 21.70%), VI (225, 16.50%), and IV
(148, 10.85%), and the least frequent types were type III
(97, 7.11%), V (112, 8.21%), and I (146, 10.70%) in the
remaining 1024 knees.

Similar to using the Schatzker classification, approxi-
mately a quarter of knees could not be classified using Luo
classification. In the remaining 1035 knees, the most com-
mon types were lateral and posterior column (378, 27.71%);

lateral, medial, and posterior column (259, 18.99%); lateral
column only (131, 9.60%); and medial and posterior columns
(114, 8.36%). The least common types were medial column
only (34, 2.49%); lateral and medial columns (39, 2.86%);
and posterior column only (80, 5.87%).

Unlike the above two classification methods, Wu clas-
sification could be used to categorize all PTFF cases. The
most frequently affected columns were the lateral and pos-
terolateral columns (320, 23.46%); all four columns
(268, 19.65%); and the posterolateral and posteromedial col-
umns (212, 15.54%). The least frequently affected columns
were lateral and posteromedial columns (4, 0.29%); lateral,
medial, and posteromedial columns (4, 0.29%) and post-
eromedial columns only (14, 1.03%). The frequently affected
regions were regions IV (663, 48.61%), II (455, 33.36%), III
(232, 17.01%), and I (14, 1.03%). Segment 2 (1009, 73.97%)
was more commonly involved than segment 1 (355, 26.03%).
Overall, there were 45 types of the 1364 PTFF cases in this
multicenter study according to Wu classification (Table 2).
The most frequent Wu classification types were as follows:
all four columns in region IV, segment 2 (235, 17.23%); the
posterolateral and posteromedial columns in region II, seg-
ment 2 (191, 14.00%); and the lateral and posterolateral col-
umns in region IV, segment 2 (136, 9.97%).

Fracture Characteristics of PTFF Classification
Certain internal structural fractures of PTFF cannot be clas-
sified using the Schatzker and Luo classification systems,
including isolated avulsion fracture of the anterior cruciate
ligament (ACL), isolated avulsion fracture of the PCL, com-
bined avulsion fracture of the ACL and PCL, isolated proxi-
mal fibular fracture, and isolated tibial tubercle fracture.
However, all of these internal structural fractures can be clas-
sified using the Wu classification system. For isolated avul-
sion fracture of the ACL, the most frequent injury type
involved the lateral and medial columns in region II, segment
1 (40/63, 64%), more than triple that of fractures involving the
lateral and medial column in region I, segment 1 (12/63, 19%),

TABLE 1 The result of radiological measurement

Radiological measurement X-ray (cm) CT (cm) Test statistic P value

Length of line CD 7.25 � 0.79 7.26 � 0.83 0.259 0.899
Length of line OA 2.56 � 0.31 2.58 � 0.29 0.452 0.717
Length of line OB 3.49 � 0.41 3.46 � 0.39 0.496 0.688
Length of line OC 3.53 � 0.51 3.51 � 0.48 0.434 0.788
Length of line OD 2.10 � 0.41 2.11 � 0.35 0.406 0.804
Vertical length of the point E and point F on the coronal plane 0.79 � 0.15 0.82 � 0.13 0.512 0.672
Vertical length of the point E and point G on the coronal plane 2.12 � 0.38 2.14 � 0.33 0.439 0.701
Vertical length of the point E and point H on the coronal plane 3.69 � 0.55 3.68 � 0.51 0.355 0.843
Distance between lines LM and IK 3.73 � 0.48 3.75 � 0.42 0.421 0.791
Distance between lines LM and NP 5.42 � 0.66 5.43 � 0.64 0.339 0.876

CT, computed tomography.
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as well as those of the lateral column in region II, segment
1 (11/63, 17.5%). Notably, 184/189 (97.35%) isolated avulsion
fractures of the PCL involved the posterolateral and post-
eromedial columns in region II, segment 2 (Fig. 7).

For combined avulsion fractures of the ACL and PCL (n
= 24), three cases (13%) involved the lateral, medial, and pos-
terolateral columns in region II, segment 2, and a further three
cases involved the lateral, posteromedial, and posterolateral col-
umns in region II, segment 2. However, the most frequent injury
type for combined avulsion fractures of the ACL and PCL
involved all four columns in region II, segment 2 (18/24, 75%).

For isolated proximal fibular fractures, 23/26 (88%)
cases involved the posterolateral column in region III, seg-
ment 2, whereas 3/26 (12%) cases involved the posterolateral
column in region IV, segment 2 (Fig. 8). Interestingly, only

four cases (0.29%) of isolated tibial tubercle fracture were
observed, of which the most frequent injury type was that of
the lateral column in region III, segment 1 (3/4, 75%); the
remaining case involved the lateral and medial columns in
region IV, segment 1.

Among cases of combined TPF and avulsion fracture
of the ACL, lateral and medial columns in region III, seg-
ment 1 (4/12, 33%) was the most frequent Wu classification.
Moreover, among knees with combined TPF and avulsion
fracture of the PCL, the most frequent Wu classifications
were the posterolateral and posteromedial columns in region
IV, segment 2 (2/5, 40%), and the posteromedial column in
region III, segment 2 (2/5, 40%). The remaining Wu classifi-
cation among such fractures was the medial, posterolateral,
and posteromedial columns in region IV, segment 2.

TABLE 2 Wu classification results of all 1364 PTFFs

Column Region Segment Number

Lateral only IV 1 30 (2.20%)
Lateral only II 1 63 (4.62%)
Lateral only III 1 35 (2.57%)
Medial only II 1 18 (1.32%)
Medial only III 1 18 (1.32%)
Medial only IV 1 6 (0.44%)
Posteromedial only II 2 10 (0.73%)
Posteromedial only IV 2 4 (0.29%)
Posterolateral only II 2 20 (1.47%)
Posterolateral only III 2 30 (2.20%)
Posterolateral only IV 2 12 (0.88%)
Lateral and medial II 1 40 (2.93%)
Lateral and medial III 1 14 (1.03%)
Lateral and medial I 1 12 (0.88%)
Lateral and medial IV 1 10 (0.73%)
Medial and posteromedial II 1 4 (0.29%)
Medial and posteromedial III 1 2 (0.15%)
Medial and posteromedial III 2 2 (0.15%)
Medial and posteromedial IV 1 4 (0.29%)
Medial and posteromedial II 2 6 (0.44%)
Medial and posteromedial IV 2 34 (2.49%)
Lateral and posteromedial IV 2 4 (0.29%)
Lateral and posterolateral II 1 28 (2.05%)
Lateral and posterolateral II 2 44 (3.23%)
Lateral and posterolateral III 1 29 (2.13%)
Lateral and posterolateral III 2 51 (3.74%)
Lateral and posterolateral IV 1 32 (2.35%)
Lateral and posterolateral IV 2 136 (9.97%)
Posterolateral and posteromedial II 2 191 (14.00%)
Posterolateral and posteromedial III 2 3 (0.22%)
Posterolateral and posteromedial IV 2 17 (1.25%)
Posterolateral and posteromedial I 2 2 (0.15%)
Lateral, medial, and posterolateral III 2 12 (0.88%)
Lateral, medial, and posterolateral IV 1 9 (0.66%)
Lateral, medial, and posterolateral IV 2 25 (1.83%)
Lateral, medial, and posterolateral II 2 5 (0.37%)
Lateral, medial, and posteromedial IV 2 4 (0.29%)
Lateral, posteromedial, and posterolateral II 2 6 (0.44%)
Lateral, posteromedial, and posterolateral III 2 22 (1.61%)
Lateral, posteromedial, and posterolateral IV 2 61 (4.47%)
Medial, posteromedial, and posterolateral III 2 4 (0.29%)
Medial, posteromedial, and posterolateral IV 2 38 (2.79%)
Lateral, medial, posteromedial, and posterolateral III 2 10 (0.73%)
Lateral, medial, posteromedial, and posterolateral IV 2 235 (17.23%)
Lateral, medial, posteromedial, and posterolateral II 2 22 (1.61%)
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Interestingly, of the more than 20% of cases of combined
TPF and proximal fibular fracture, the most frequent injury type
involved all four columns in region IV, segment 2 (107/274,
39.05%). These were followed by those involving the lateral and
posterolateral columns in region IV, segment 2 (43/274, 15.69%),
and those involving the lateral, posterolateral, and posteromedial
columns in region IV, segment 2 (20/274, 7.30%).

Discussion

An Updated Definition of Proximal Tibia and Fibula,
and PTFF, and a New Classification Method of PTFF
To our knowledge, this was not only the first study to put
forward an updated definition of the proximal tibia and

fibula, and PTFF, but also the first PTFF-classification system
based on the 3D structure of the tibia and fibula. Wu classifi-
cation has a morphological basis, supported by radiological
measurements. The use of 3D reconstruction enabled us to
refine PTFF and TPF classification; we used Wu classification
to determine the incidence and fracture characteristics
of PTFF.

Previously established classification systems of TPF
(Hohl and Moore, Schatzker, OTA/AO 2007) are based on
plain X-ray imaging11–14, which provides incomplete, two-
dimensional fracture information. Luo et al.15, 16 put forward
the three-column classification concept and laid the funda-
mentals for several revised column classifications, the major
shortcomings of which are insufficient coverage and column

Fig. 7 Wu Classification of isolated avulsion fracture of the PCL. A 40-year-old female patient sustained fractures of the right isolated avulsion

fracture of the PCL due to fall from bicycle in September 2018. It cannot be classified using the Schatzker classification from X-ray imaging (A, B),

poster column of Luo classification from CT (C). According to the Wu classification, based on results of CT (C, D, E) and 3D reconstruction (F, G, H),

the fracture was located in the posterolateral and posteromedial columns in region II, segment 2.

2452
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 8 • DECEMBER, 2021
NEW DEFINITION AND 3D CLASSIFICATION OF PTFFs



Fig. 8 Wu Classification of isolated proximal fibular fracture. A 65-year-old male patient sustained fractures of the left isolated proximal fibular

fracture due to a traffic accident in January 2013. It cannot be classified using the Schatzker classification from X-ray imaging (A, B), and Luo

classification from CT (C). According to the Wu classification, based on results of CT (C, D, E) and 3D reconstruction (F, G, H), the fracture was

located in posterolateral column in region IV, segment 2.
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divisions that are not based on physiology6, 17, 25, 26. Besides
these three columns in the horizontal plane, Wu classifica-
tion also distinguishes between four regions in the frontal
plane and two segments in the sagittal plane, based on the
3D morphology of the proximal tibia and fibula. The
329 (24.12%) PTFF cases could not be classified using
Schatzker or Luo classification, but only using Wu classifica-
tion. One great advantage of this new classification system is
that it could be used to classify all PTFF and TPF patterns
observed in this study.

Morphological Basis from Radiological Measurements
Prominent bony protuberance of the cortical surface of the
proximal tibia and fibula were used as markers for the divi-
sion of regions in the frontal plane in the Wu classification
system. According to radiological measurements, region I is
the smallest, and regions II to IV were progressively larger.
The average heights determined using CT were 0.82 cm for
region I, 1.32 cm for region II, 1.54 cm for region III, and
3.58 cm for region IV. The relevant region is determined as
that containing the lowest point of the fracture line. For
example, fractures in region II include those located only in
region II as well as those where the fracture line extends
from regions I to II. This is possibly why the most frequently
affected region was region IV (663, 48.61%) and the least fre-
quently involved was region I (14, 10.26%).

Segment classification is very simple. Segment 1 is the
anterior part of the proximal tibia and fibula, with the same
length (3.75 � 0.42 cm) as the diameter of the shaft of the
proximal tibia. The remaining posterior portion of the proxi-
mal tibia and the fibula comprises segment 2, with an aver-
age length of 1.68 cm. As the relevant segment is based on
the most posterior point of the fracture line, fractures involv-
ing segment 2 include those where the entire fracture line is
within segment 2, and those where the fracture line extends
from segment 1 to 2. This is a possible reason why the num-
ber of fragments determined to involve segment 2 (1009,
73.97%) was more than that involving segment
1 (355, 26.03%) in the cohort.

Incidence and Fracture Characteristics of PTFF and the
Advantage of Wu Classification
The second advantage of Wu classification is that PTFFs can
be divided into enough groups to distinguish all PTFF types.
The 1364 PTFF cases in this multicenter study could be
divided into 45 types. Therefore, it may assist doctors and
researchers to gain a better understanding of the anatomy
and spatial relationships of the knee bones in various types
of fractures. This original approach is also convenient for
academic discussion of PTFF. The most common PTFF
according to Wu classification was that involving all four col-
umns in region IV, segment 2 (235, 17.23%), which is similar
to fractures of type VI in the Schatzker classification
(225, 16.50%), and those involving the lateral, medial, and
posterior columns in the Luo classification (259, 18.99%).

The third advantage of Wu classification is that it
allows for the classification of more nuanced fractures than
is possible with other classification systems. Torn ligaments
and insertion fractures are common in PTFF. In one study31,
77.7% (80/103) of patients with PTFF were observed to have
an injury of the ACL or lateral collateral ligament during
operation. In another study32, it was reported that 70.9%
(73/103) of patients with PTFF had at least one torn liga-
ment and 53.4% (55/103) had multiple ligament injuries. In
this cohort, 21.48% (293/1364) of PTFFs were ACL and/or
PCL avulsion fractures. Hardly any classification systems
exist in which ligaments avulsion fracture of the ACL and/or
PCL can be classified. Isolated avulsion fracture of the ACL
was categorized as three injury types according to Wu classi-
fication in this study, most of which involved the lateral and
medial columns in region II, segment 1 (40/63, 64%). As for
isolated avulsion fracture of the PCL, more than 97% of cases
involved the posterolateral and posteromedial columns in
region II, segment 2.

Interestingly, we observed only four cases (0.29%) of
isolated tibial tubercle fracture, which lacked classification
for adults6, 32. In contrast, Molenaars et al.33 reported that
15.7% (20/127) of patients with TPF had a tibial tubercle
fragment; Maroto et al.34 identified 85 such cases out of
392 bicondylar cases of TPF (21.7%); Chakraverty et al.35

observed 16 similar cases; and Yao et al.6 reported
85 (12.1%) such cases. The possible reason for this difference
is that those cohort studies were carried out in different
regions. According to Wu classification, 3/4 isolated tibial
tubercle fractures involved the lateral column in region III,
segment 1.

There were 274 (20.09%) knees with combined TPF
and proximal fibular fracture, and 26 (1.91%) knees with iso-
lated proximal fibular fracture in this cohort. Yao et al.6

observed that 31.0% (218/704) of patients with TPF had a
combined proximal fibular fracture. The proximal fibula is
an important part of the knee joint, and is firmly connected
to the tibial plateau by the tibiofibular syndesmosis, which
affects TPF displacement and the necessary surgical
approach6. Understanding the injury to the proximal fibula
helps uncover the nature of the TPF, allowing the adequate
restoration of the stability of the posterolateral corner36, 37.
In the OTA/AO classification system of 2007, proximal fib-
ula fracture is classified as 41-A1.1. This fracture is coded
independently as 4F1A/4F1B in the 2018 edition of this clas-
sification system, with the added qualifications of extra- or
intra-articular38. Luo classification does not consider proxi-
mal fibula fracture; it merely uses the anterior point of the
fibular head15. Using Wu classification, two types of isolated
proximal fibular fracture could be identified; the most com-
mon type involved the posterolateral column in region III,
segment 2 (23/26, 88%); the other involved the posterolateral
column in region IV, segment 2 (3/26, 12%).

The fourth advantage of Wu classification is that it
allows for the classification of complicated fractures. There
were different types of combined TPF and proximal fibular
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fracture in this study, the most frequent of which involved
all four columns in region IV, segment 2 (107/274, 39.05%).
Such a fracture was a severe traumatic marker for neuro-
vascular injury and compartment syndrome. More than 60%
of cases of combined TPF and proximal fibular fracture
included region IV in segment 2, which represents one of the
most serious injuries according to Wu classification.

Another interesting complicated PTFF observed in this
study was combined avulsion fracture of the ACL and the
PCL, including serious injury of the ligament and insertion
fracture. Former classification systems scarcely identify any
avulsion fractures of the ACL and PCL. However, three types
of avulsion fractures of the ACL and PCL were identified
using Wu classification in this study, the most frequent of
which included all four columns in region II, segment
2 (18/24, 75%). The other two types also included region II,
segment 2. All of the isolated avulsion fractures of the ACL
were located in segment 1, and all those of the PCL were
located in segment 2.

Its assistance during selection of the correct internal
fixation and during clinical diagnosis and treatment are the
fifth advantage of Wu classification. To our knowledge, this
study is the first to define PTFFs according to region on the
frontal plane, allowing for different treatment strategies. For
example, all fractures of region I were avulsion fractures of
ligaments, which require conservative treatment or
arthroscopically assisted ligament reconstruction. PTFFs
involving the lateral and/or medial column in region II, seg-
ment 1, need anterolateral and/or anteromedial screw fixa-
tion with or without bone grafting. Moreover, fractures
involving the lateral and/or medial columns in region III,
segment 1, need anterolateral and/or anteromedial fixation
using a relatively short plate and screw fixation with or with-
out bone grafting. PTFFs involving the lateral and/or medial

columns in region IV, segment 1, need anterolateral and/or
anteromedial fixation using a long plate and screws with
bone grafting. And other types of fracture treatment strate-
gies warrant further study and improvement.

Limitations
(i) Although this classification system appears complicated, it
is actually quite simple. One need not remember each possi-
ble type; one only needs to understand how to classify the
columns, regions, and segments. (ii) Bias and errors may
exist in the results of the radiological measurement. (iii) The
reliability, reproducibility, and clinical relevance of this clas-
sification including standardized treatment regimens need
further study and should be improved in subsequent
research.

Conclusion
In summary, an updated definition of the proximal tibia and
fibula, and PTFF was proposed. All cases of PTFF could be
classified using Wu classification in this study. The most
common PTFF involves all four columns in region IV, seg-
ment 2. We have developed a novel, 3D-structure-based clas-
sification, including classification by column in the
horizontal plane, by region in the frontal plane, and by seg-
ment in the sagittal plane. This updated system for classify-
ing PTFF should be beneficial for clinical diagnosis, guidance
of treatment, statistical analysis, academic communication,
and prognosis.
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