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The degree of fracture displacement does not affect the risk
for concomitant proximal fibular fractures in tibial plateau fractures
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Abstract
Objective The proximal fibula plays an important role in the knee joint; however, it has not been given enough attention by
surgeons. This study aimed to investigate the risk factors for concomitant proximal fibular fractures in patients with tibial plateau
fractures through computed tomography (CT) imaging.
Materials and Methods From January 2016 to November 2017, patients who underwent percutaneous reduction and internal
fixation (PRIF) for tibial plateau fractures at a level 1 trauma centre institute were included in this retrospective study. Full
materials of CT imaging were obtained for measurements. Schatzker’s and a newly proposed classification system were used for
the fracture of the tibial plateau and proximal fibula, respectively. Several clinical and radiological characteristics were recorded,
and the impact of those variables on fibular fractures was assessed with univariate and multivariate analyses.
Results In total, 174 patients were enrolled in the study with mean age of 45.6±13.1 years. The incidence of combined proximal
fibular fracture was 38.3%. Schatzker type VI fracture had the highest rate of fibular fracture (77.4%). High-energy-pattern tibial
plateau fractures (p=0.029) and posterolateral joint facet (PJF) involvements (p=0.002) are risk factors for proximal fibular
fracture on multivariate analysis. Neither posterolateral column (PLC) involvements nor fracture displacement correlated with
proximal fibular fractures.
Conclusions Proximal fibular fractures were commonly seen among patients who sustained tibial plateau fractures. Schatzker
type VI fractures had the highest rate of fibular fractures than other fracture types. High-energy fractures and PJF involvements
correlated with a higher risk of proximal fibular fractures. A better understanding and awareness of the risk factors for proximal
fibular fractures will provide surgeons with comprehensive understanding of tibial plateau fractures.
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Introduction

Tibial plateau fractures (TPFs) are intra-articular injuries in-
volving not only the bone but also soft tissue pathology [1,
2]. Although tibial plateau fractures are associatedwith the joint
surface of the tibia, fractures of the proximal fibula are also
frequently involved, especially in split and mixed fractures of
the lateral plateau [3–5]. However, this kind of fracture tends to
be neglected as an associated injury of tibial plateau fractures,
and few classification systems have taken the proximal fibular
fractures into account in previous studies [3, 6, 7].
Anatomically, proximal fibular zone is important as the attach-
ment point of multiple ligaments and tendons and has close
relationship to the proximity of the common peroneal nerve.
The incidence of peroneal nerve damage was reported to be as
high as 21% in patients who sustained tibial plateau fractures
and concomitant fractures of the fibular head [8].
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Recently, the biomechanical role of proximal fibula has
been realized. Carrera et al. explored the contribution of an
intact fibula to the surgically fixed tibial plateau fractures with
finite element (FE) calculations [9]. The simulations sug-
gested that the presence of the fibula tended to increase the
overall axial stiffness of the implanted model, which indicates
an intact fibula might add to the load-bearing capacity of sur-
gically treated tibial plateau fractures. Moreover, new classi-
fications of tibial plateau fractures placed sufficient emphasis
on proximal fibula. Zheng et al. classified proximal fibular
fractures into five patterns: avulsion fractures, fibular head
cleavage fractures, depressed fractures, comminuted fractures,
and fibular neck or shaft fractures [10]. Fibular fractures were
recommended to reduce firstly for obtaining the stability of the
posterolateral corner. The missed or untreated posterolateral
corner injuries might lead to chronic pain and posterolateral
rotational instability of the knee joint [11]. Yao et al.
subdivided the tibial plateau and proximal fibula into nine
segments, and fibular fractures were considered as the crucial
characteristic in new-style classification system [5]. The over-
all incidence of proximal fibular fractures was reported to be
29.9 to 60.7% in TPF patients [3, 5, 7, 10].

In our clinical practice, the importance of proximal fibula
and proximal tibiofibular joint (PTFJ) has been emphasized
when treating tibial plateau fractures. The purpose of this
study is to further investigate the risk factors of concomitant
proximal fibular fractures based on pre-operative CT findings
and characterize their role in determining further surgical strat-
egies. Fracture displacement has been proved to have close
relationship with meniscus and ligament injuries [12, 13].
However, we diagnosed many patients with features of severe
articular depression or tibial plateau widening, unexpectedly,
free from the involvement of the proximal fibula. We hypoth-
esize that the degree of fracture displacement might not be
used to predict fibular injuries associated with tibial plateau
fractures.

Methods and materials

Between January 2016 and November 2017, authors retro-
spectively analyzed patients who had received the surgical
treatment for tibial plateau fractures. All sugery had been per-
formed by a single surgeon at our academic level 1 trauma
centre institute using PRIF (percutaneous reduction and inter-
nal fixation) with a bidirectional traction device [14, 15].
Patients with substantial metabolic bone disease, pathological
fractures, isolated intercondylar eminence fractures, extra-
articular proximal tibial fractures, or any life-threatening con-
dition were excluded. Patients who did not have pre-operative
CT scans were also excluded from the study. This study was
approved by the Ethics Committee of the Third Hospital of

Hebei Medical University (NO. KE 2016-001-1), and all sub-
jects enrolled provided informed consent.

Schatzker classifications were applied for tibial plateau
fractures based on the pre-operative radiographic examina-
tions including plain radiographs and multidetector computed
tomography (MDCT) scans [16]. The fracture’s morphology
of the proximal fibula was evaluated based on Zheng’s clas-
sification system [10]. According to the fracture line and de-
gree of communition, fibular fractures were subdivided into
five groups: type A avulsion fractures with the horizontal
fracture line, type B fibular head-split fractures with the
oblique fracture line, type C fibular head depressed fractures
without cleavage on CT view, type D fibular head comminut-
ed fractures, and type E fibular neck or shaft fractures. In
addition, referring to the CT-based “column” concept, tibial
plateau was further divided into medial, lateral, posterolateral,
and posteromedial columns from the transverse view of the
CT scans (Fig. 1a) [17, 18]. Two reviewers (HRC and ZLZ)
independently evaluated the classification of tibial plateau
fractures and the diagnosis of proximal fibular fractures; a
final decision would be made through discussion.

Two authors (HRC and YYY) independently measured
and recorded the radiological parameters using PACS (picture
archiving and communication systems) Imaging System. The
maximum amount of joint-line depression was measured as
the distance from the intact plateau line (parallel to the femoral
condyles) to the lowest articular depression point on coronal
or sagittal CT images (Fig. 3a). Using the femoral condyle as a
reference, widening displacement was defined as the distance
between the tangential line to the femoral epicondyle (perpen-
dicular to the femoral condyles) and the most laterally
displaced point of the tibial plateau (Fig. 3b). All parameters
were calculated in millimeters and independently measured
for the medial and lateral plateau.

Patient-related factors (gender, age, and side) were col-
lected from medical records by another author. Potential
risk factors for fibular fractures including energy level of
injury (Schatzker types I to III were regarded as low-
energy fracture patterns and Schatzker types IV to VI as
high-energy fracture patterns [12, 13, 19]), lateral plateau
depression (LPD), medial plateau depression (MPD), lat-
eral plateau widening (LPW), medial plateau widening
(MPW), posterolateral column (PLC) involvements, and
posterolateral joint facet (PJF) involvements were also
evaluated. The PLC involvement was defined as the frac-
ture stretching across the posterolateral portion of the tib-
ial plateau with or without articular depression (Fig. 1a).
We also defined the PJF as the articular facet on the lat-
eral condyle of the tibia, which was the key component of
proximal tibiofibular joint (PTFJ) (Fig. 1b,c). If the facet
was affected by fractures, it meant PJF involvement.

All fractures underwent closed reduction and internal fixa-
tion by an experienced trauma surgeon (YZZ). The
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bidirectional rapid redactor was firstly applied for preliminary
reduction through ligamentotaxis and skeletal traction (Fig.
2a). Then, a cortex portal was made, and the depressed

fragments were elevated with a customized bone tamp via
the inferior transosseous tunnel created by step drills (Fig.
2b). Subsequently, the autogenous bone graft harvested from

Fig. 1 aDemonstration of the “column concept” in classification. b and c The posterolateral joint facet (PJF) was respectively marked in the coronal and
sagittal planes. LC lateral column, MC medial column, PMC posteromedial column, PLC posterolateral column

Fig. 2 Demonstration of surgical
procedures. a The bidirectional
rapid redactor was firstly applied
for preliminary reduction. b The
depressed fragments were
elevated with a customized bone
tamp via the inferior transosseous
tunnel. c Minimally invasive
percutaneous plate osteosynthesis
(MIPPO) was performed using
pre-contoured locking
compression plate (LCP)
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the iliac crest was inserted into the bone tunnel to support the
subchondral bone and articular surface. Once the reduction
was obtained, minimally invasive percutaneous plate
osteosynthesis (MIPPO) was performed using pre-contoured
locking compression plate (LCP) designed for the proximal
tibia (Fig. 2c). The whole procedure was under the guidance
of intra-operative fluoroscopy.

Statistical analyses were all performed using IBM SPSS
(version 19.0, SPSS, Inc., and Chicago, IL). The percentage
of each type of fibular fracture was firstly calculated and then
compared with the Schatzker classification and energy pattern
to analyze any significant predilection using Pearson’s chi-
squared test. Univariate logistic regression was used to assess
the risk of fibular fractures for each of the covariates. Any
covariates that were statistically significant (p<0.05) were
then included in a multivariate logistic regression.
Descriptive statistics were reported as percentage or mean
±SD (SD, standard deviation). For all tests, significance was
considered as p<0.05.

Results

Between January 2016 and November 2017, 174 patients with
tibial plateau fractures were included in this study. The ma-
jority of patients (73.0%) were male. The average age was
45.6±13.1 years (range, 18–78). Sixty-four percent of patients
had right knee injuries. One patient suffered from bilateral
tibial plateau fractures. Moreover, 39 patients had other asso-
ciated skeletal injuries, none of which occurred around the
injured knee. Furthermore, 93 patients (53.4%) sustained
Schatzker type IV, V, or VI fractures, which were defined as
high-energy fractures. The average amounts of displacement
were 9.20±7.59 mm for LPD, 0.37±1.45 mm for MPD, 5.35
±5.08 for LPW, and 0.17±1.02 for MPW, respectively.
Radiographic images revealed that one hundred and thirty
(74.3%) fractures presented PLC involvements and eighty-
seven (49.7%) fractures presented PJF involvements. Soft tis-
sue injuries were diagnosed through intra-operative arthrosco-
py. The overall incidences of anterior cruciate ligament (ACL)

Fig. 3 A 25-year-old male who
sustained a type II fracture of
tibial plateau. a coronal
reformatted CT image, depth of
lateral plateau depression (LPD)
was measured as 14.31 mm. b In
coronal reformatted CT image,
lateral plateau widening (LPW)
was measured as 14.29 mm

Fig. 4 A 38-year-old male who suffered from a type VI tibial plateau
fracture and a type E fibular fracture. a The pre-operative X-ray exami-
nation. b The post-operative X-ray examination illustrates that the tibial
plateau fracture was treated with dual-plate fixation. The proximal fibula

was fixed using an intramedullary K-wire. c The X-ray examination dur-
ing the 2-year follow-up showed that fracture healed well without dis-
placement. d The functional image of a 2-year follow-up showed that an
excellent flexion function was obtained
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and posterior cruciate ligament (PCL) injury were 18.3% (32/
175) and 10.9% (19/175), respectively. The incidence of lat-
eral meniscus tears was 41.1% (72/175), while that of medial
meniscus tears was 8.6% (15/175). Overall incidence of lateral
collateral ligament (LCL) tears was 6.9% (12/175) and medial
collateral ligament (MCL) was 9.1% (16/175). Five patients
sustained combined injuries of the cruciate ligament, menis-
cus, and collateral ligament. Neurovascular injury was not
identified in this case series. The incidences of injury to each
soft tissue in the present study are shown in Table 1. Patients
with complete meniscal tear were treated with suture repair or
partial meniscectomy. For patients with ligament injuries, we
performed a conservative treatment initially with planned re-
pair in a secondary phase if necessary. All patients received
good to excellent clinical outcomes during the follow-up
period.

According to Schatzker classification, distribution of frac-
ture type was as follows: six (3.4%), type I; 61 (34.3%), type
II; 14 (8%), type III; 37 (21.1%), type IV; 26 (14.9%), type V;
and 31 (17.7%), type VI fractures. Among the patients, a total

of 67 fibular fractures were diagnosed based on CT images,
with an incidence of 38.3% (Fig. 4). Therewere seven (10.4%)
type A, 25 (37.3%) type B, ten (14.9%) type C, 17 (25.4%)
type D, and eight (11.9%) type E proximal fibular fractures.
The incidence of fibular fractures for each Schatzker classifi-
cation is listed in Table 2. Based on Schatzker classification,
type VI fracture had the highest rate of fibular fracture than
other fracture types with an incidence of 77.4%. Table 3
shows that the incidence of each type of fibular fracture was
not significantly different between low- and high-energy tibial
plateau fractures. However, there was a trend toward type E
fibular fracture with Schatzker types IV–VI.

By univariate logistic analysis, we identified the high-
energy fracture pattern, PLC involvements, and PJF involve-
ments as significant factors influencing proximal fibular frac-
tures (Table 4). Univariate analysis demonstrated a significant
increase in the incidence of proximal fibular fractures
(p=0.042) with increasing fracture severity (high-energy pat-
tern vs. low-energy pattern). Patients with PLC involvements
were more likely to have concomitant proximal fibular

Fig. 5 A 50-year-old female who suffered from a type II tibial plateau fracture and type B fibular fracture with the PLC and PJF involvement. CT images
showed that the split fracture stretched across the PJF (arrowhead) and fibular head (arrow). a Transvers view. b Coronal view. c Sagittal view.

Fig. 6 A 56-year-old male who sustained a type VI tibial plateau fracture
without fibular fracture and PJF involvements. Although with complicat-
ed fracture, CT images showed that the proximal fibula was free from

affection with PJF intact (arrowhead). a Transverse view. b Coronal view.
c Sagittal view

2967International Orthopaedics (SICOT) (2021) 45:2963–2971



fractures (p=0.036). Besides, patients with PJF involvements
sustained fibular fracture more frequently than those without
(p<0.001). Age, gender, side, lateral plateau depression
(LPD), medial plateau depression (MPD), lateral plateau wid-
ening (LPW), and medial plateau widening (MPW) did not
significantly impact the risk of fibular fractures. When entered
in a multivariate regression, only the high-energy fracture (OR
2.081, 95% CI: 1.077–4.021) and PJF involvement (OR
4.191, 95% CI: 1.688–10.409) were identified as independent
risk factors influencing proximal fibular fractures (Table 5).

Discussion

The proximal fibula, which was located under the posterolat-
eral aspect of the tibial condyle, played a crucial role in bio-
mechanical and clinical function of the knee [9, 20–22].
Relevant bony pathology occurring in the fibula might influ-
ence the normal functions of the knee resulting in mechanical
instability or inadequate outcomes [3, 4, 9]. Bozkurt et al.
retrospectively evaluated fifty-five patients who presented
with tibial plateau fractures. In contrast to patients with con-
comitant proximal fibular fractures, better clinical outcomes

were achieved among patients with intact fibula regardless of
their treatment method (surgical or conservative), pointing out
the presence of proximal fibular fracture has an important role
in the prognosis of tibial plateau fractures [3]. Sarmiento et al.
included 106 patients suffering from tibial plateau fractures
with proximal fibula, whether broken or intact [23]. They all
received conservative treatment in a lower extremity brace.
The follow-up outcomes indicated that isolated fractures of
the lateral plateau did not collapse further with an intact fibula.
As for bicondylar fractures associated with fibular fractures,
the alignment tended to be valgus, probably due to the loss of
the support provided by the proximal fibula. Thus, the pres-
ence of proximal fibular fracture was an important character-
istic in tibial plateau fractures, which should not be
overlooked by clinicians.

The current study demonstrated a high prevalence of prox-
imal fibular fractures (38.3% of subjects) associatedwith tibial
plateau fractures, which is in agreement with the findings of
other two clinical studies [5, 10]. Based on Schatzker classi-
fication, type VI fractures had the highest rate of fibular frac-
tures than other fracture types, with the incidence of 77.4%.
Liu et al. also found that majority (98.3%) of Schatzker VI
fractures were accompanied with proximal fibular fractures
[7]. We supposed that the violence transmit not only through
proximal tibiofibular joint (PTFJ) but also interosseous mem-
brane. Owing to the mixed force imposed on the knee joint,
proximal fibula tended to be affected by the violence, which
caused the disruption of both interosseous and tibial
metaphyseal membranes. In addition, we also noticed that
type A and E fibular fractures were more likely to happen in
high-energy fractures of the tibial plateau, which was consis-
tent with Zheng’s findings [10].

Considering the close relationship between the fibula head
and posterolateral aspect of the tibial condyle, we choose the
PLC involvement as the potential factor to further investigate.
Our results identified PLC involvements as a significant risk
factor on univariate analysis; however, the significance was
not remarkable through multivariate analysis. Comparable to
the figure of 66.1% in Yao et al.’s study, the overall incidence

Table 1 Overall
incidence of soft tissue
injury

Soft tissue pathology Number (%)

Lateral meniscal tear 72 (41.1%)

Medial meniscal tear 15 (8.6%)

ACL injury 32 (18.3%)

PCL injury 19 (10.9%)

LCL tear 12 (6.9%)

MCL tear 16 (9.1%)

Neurovascular injury None

ACL anterior cruciate ligament, PCL pos-
terior cruciate ligament, LCL lateral collat-
eral ligament, MCL medial collateral
ligament

Table 2 Distribution of proximal
fibular fractures in Schatzker
classification

Schatzker classification Concomitant proximal fibular fracture Intact fibula

Type A Type B Type C Type D Type E

Type I (n=1, 16.7%) 0 1 0 0 0 5

Type II (n=23, 37.7%) 1 11 4 7 0 38

Type III (n=0, 0%) 0 0 0 0 0 14

Type IV (n=8, 21.6%) 2 5 1 0 0 29

Type V (n=11, 42.3%) 1 3 2 3 2 15

Type VI (n=24, 77.4%) 3 5 3 7 6 7

Total (n=67, 38.3%) 7 25 10 17 8 108
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of the PLC involvement was quite high as 74.3% in our series
[5]. Moreover, we found that the posterolateral portion of the
tibial plateau seldom injured alone with other three segments
intact. Therefore, we speculated that the occurrence of PLC
involvement might not fully represent the energy absorbed by
the posterolateral corner of the knee joint.

Although previous studies have demonstrated that intra-
articular soft tissue injuries correlated with the degree of frag-
ments displacement [12–14, 24], our study treated LPD,
MPD, LPW, and MPW as four continuous variables and did
not demonstrate any relationships between them and fibular
fractures. The reason for this is possibly that the displacement
of fragments may reflect the amount of energy absorbed by
the whole proximal tibia during injury; however, such mea-
surements are not able to represent the energy absorbed by
PTFJ. Previous study found that 22.2% of patients with me-
dial tibial plateau fractures had combined avulsion fractures of
the fibular head, indicating that type A fibular fracture might
be correlated with the degree of medial plateau depression [8].
However, the relationship between each type of fibular frac-
ture and the degree of fracture displacement was not investi-
gated due to the limited number of patients.

Peroneal nerve injury is not common in tibial plateau frac-
tures. The reported incidence ranges from 1 to 9.5% [8, 25,

26]. As for patients with avulsion fracture of the fibular head,
the incidence rises even to 21% [8]. It seems that the concur-
rent fractures of the tibial plateau and proximal fibula may
have a higher risk for peroneal nerve damage. Because the
nerve injury was not identified in this case series, we could
not further investigate the correlation between nerve injury
and fibular fracture. Prospective diagnostic study with large
sample size is worthy of expectation.

Our results demonstrated high-energy-fracture pattern as
being an independent risk factor for proximal fibular fractures
with patients having a twofold increase in fibular fractures if
they sustained with Schatzker type IV–VI fractures. With re-
gard to surgically treated patients, similar tendency was found
in Bozkurt et al.’s study, with 63% fibular fractures occurring
in high-energy group and 50% in low-energy group [3]. The
difference might not be significant probably due to the limita-
tion of sample size. To our knowledge, no reports have
discussed a relationship between PJF involvements and the
incidence of fibular fractures associated with tibial plateau
fractures. During measurement, despite suffering from com-
plex fractures of the tibial plateau like Schatzker type V or VI
fracture, we observed that the proximal fibula still remained
intact if posterolateral joint facet was free from affection. Once
the PJF was affected by fracture line, the fibular head was
more susceptible to fracture no matter how complicated the
tibial plateau fractures is (Fig. 5, 6). Finally, our results dem-
onstrated PJF involvement was a risk factor relating to prox-
imal fibular fractures. This can be explained as the result of
injury mechanism. The articular facet on the lateral condyle of
the tibia (PJF) might be recognized as a shield, which played a
role of a protector for the proximal fibula; on the contrary, the
fibular head supported PJF, both contributing to the stability
of PTFJ.When PJF was affected by fracture, it meant violence

Table 3 Distribution of proximal
fibular fractures in low-energy
and high-energy-pattern tibial
plateau fractures

Number Type A Type B Type C Type D Type E

Low-energy (I–III ) 24 1 12 4 7 0

High-energy (IV–VI) 43 6 13 6 10 8

Total 67 7 25 10 17 8

p value 0.401 0.109 1.000 0.594 0.063

Table 4 Univariate analysis of risk factors to concomitant fibular
fractures

Factors p value Odds ratio 95% CI

Lower Upper

Gender 0.544 1.242 0.617 2.501

Age 0.168 0.984 0.961 1.007

Side 0.875 0.951 0.505 1.788

Energy pattern 0.042 1.918 1.025 3.590

LPD 0.120 0.968 0.930 1.008

MPD 0.656 1.052 0.842 1.315

LPW 0.522 0.981 0.924 1.041

MPW 0.388 1.196 0.796 1.798

PLC involvements 0.036 2.267 1.056 4.865

PJF involvements <0.01 3.647 1.812 7.340

LPD lateral plateau depression, MPD medial plateau depression, LPW
lateral plateau widening,MPWmedial plateau widening, PLC posterolat-
eral column, PJF posterolateral joint facet

Table 5 Multivariate analysis of risk factors to concomitant fibular
fractures

Factors p value Odds ratio 95% CI

Lower Upper

Energy pattern 0.029 2.081 1.077 4.021

PC involvements 0.737 0.841 0.305 2.315

PJF involvements 0.002 4.191 1.688 10.409

PC posterolateral column, PJF posterolateral joint facet
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has transmitted to PTFJ and was powerful enough to destroy
the protector. Considering the close relationship between two
structures, the proximal fibula was more likely to be broken
with fracture lines extended from PJF.

There are some limitations in this study. First, the designa-
tion of the study was retrospective. To minimize bias, authors
recruited a series of consecutive patients administrated in hos-
pital during one period of time. Second, previous studies have
characterized the PTFJ as various types [27, 28]. Ogden et al.
classified two types of joints, “horizontal” and “oblique”, and
pointed that “oblique” joint with relative low mobility was
susceptible to fracture or dislocation [27]. Therefore, the mor-
phology of PTFJ should be regarded as a potential factor in
this study. However, practically, these anatomical features
were hardly measured especially when comminuted fractures
occurred in PTFJ. Further prospective studies with investiga-
tion of both healthy and injured knees would be welcomed.
Also, the classification of energy level of injury is much more
of a subjective criterion, with bad reproducibility. This study
would have been strengthened by evaluating the clinical out-
comes in relation to different fracture types.

Conclusion

In summary, concomitant proximal fibular fractures were
commonly seen among patients who sustained tibial plateau
fractures, which should not be overlooked by surgeons. Based
on Schatzker classification, type VI fractures had the highest
rate of fibular fractures than other fracture types. There was no
significant relationship between PLC involvements or fracture
displacement with proximal fibular fractures. In addition,
high-energy-pattern tibial plateau fractures and PJF involve-
ments are independent risk factors for proximal fibular frac-
ture. A better understanding and awareness of the risk factors
for proximal fibular fractures will provide surgeons with com-
prehensive understanding of tibial plateau fractures.
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