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Abstract

Background: Tibial plateau fractures are the most common intra-articular fractures, which require careful evaluation
and preoperative planning. The treatment of tibial plateau fractures in elderly patients is challenging, and the
comprehension of epidemiology and morphology can be helpful. This study described the characteristics of
geriatric tibial plateau fractures.

Methods: A total of 327 (23.24%) patients aged ≥60 years were reviewed in our level one trauma center over a 4-
year period (from January 2013 to November 2016). The following parameters were collected and evaluated: (1)
demographic data, (2) injury mechanisms and (3) fracture classifications.

Results: Females accounted for 60.86% in all included elderly patients. Electric-bike accidents were the cause of 32.
42% of all these injuries, and 39.62% of these led to high-energy injuries. The most common type of fracture was
Schatzker II (54.74%). According to the three-column classification, single lateral column fracture (28.75%) and four-
quadrant fracture (involving lateral, medial, posterolateral and posteromedial fractures) (23.24%) were the two most
frequent patterns. In all cases, 67.58% involved the posterior column, and the prevalence of posterolateral and
posteromedial fractures were 62.69% and 37.92% respectively. Isolated posterior column fractures accounted for 12.
54% of patients in total, which mostly consisted of posterolateral fracture in older females (85.37%).

Conclusions: The majority of elderly patients with tibial plateau fractures are females, and Electric-bike accidents
are an important cause of injury. Geriatric tibial plateau fractures have unique distribution in classification.
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Introduction
Tibial plateau fractures (TPFs) are relatively common,
accounting for approximately 1% of all fractures, and the
population-based incidence of TPFs has been reported
as 10.3–13.3 per 100,000 people annually [1, 2]. Cases of
TPFs were most common between the ages of 30 years
and 60 years [3, 4]. However, with improved life expect-
ancy, incidences of TPFs in elderly patients are probably
rising [5, 6]. Comprehension of the epidemiology and
morphology can be helpful to manage the fractures, but
there is little epidemiological information available and
to date virtually none about the morphology of TPFs
focusing on the elderly population [6, 7]. This current
study reports the basic epidemiology and morphological

classification of TPFs in elderly patients in a level one
trauma center, including incidence, injury mechanisms,
combined injuries, and fracture classifications.
In the literature, the AO/OTA and Schatzker classifi-

cations were the most frequently used to assess the
morphology and severity of TPFs. Because both classifi-
cations provide only two-dimensional information of the
fracture, a CT-based three-column classification (TCC)
would be a good supplement for evaluation [8]. There
were already numerous studies which indicated that im-
plementation of the three-column classification (TCC)
might improve the surgical outcome of cases of TPFs [9,
10]. This is the first time that the TCC has been used to
evaluate the morphological features of tibial plateau frac-
tures in a large sample size of elderly patients.
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Materials and methods
Patients
The approval of our institution’s ethical review board
was obtained prior to initiation of the study. The study
included all patients treated for TPFs over a 4-year
period (from January 2013 to November 2016) in the
trauma center of our hospital, which is a level one
trauma center. Patients were excluded based on the fol-
lowing criteria: (1) isolated avulsion fracture of tibial
plateau, such as tibial avulsion fractures of anterior or
posterior cruciate ligament, Segond fractures; (2) sus-
pected fractures which could not be confirmed by X-ray
radiographs or computerized tomography (CT) scans;
(3) fractures in children and skeletally immature adoles-
cents; and (4) pathological or old fractures, namely, the
fractures for more than 3 weeks. Finally, 1407 patients
with TPFs were included and 327 elderly patients aged
≥ 60 years (23.24%) were isolated for further analysis.

Epidemiology
The following parameters of patients aged ≥ 60 years
were collected and evaluated: (1) demographic data,
(2) injury mechanism, (3) combined injuries, and (4)

fracture classification. According to local conditions and
lifestyles, we subdivided traffic accidents into the car,
E-bike, and bicycle accidents and differentiated falls as be-
ing from height (more than 2 m), from medium height
(less than 2 m), or on the ground. Other causes of injury
included industrial and agricultural-related accidents,
sport-related, and fighting-induced accidents.

Fracture classification
The images of normal X-ray and CT scans of enrolled pa-
tients were obtained from Picture Archiving and Commu-
nication System (PACS) workstations. Both the X-ray-
based Schatzker classification and CT-based TCC were all
applied to evaluate the fractures’ morphology. Based on
the TCC, the tibial plateau is divided into three relatively
independent columns, individually defined as the lateral,
medial, and posterior columns as observed on the images
of the CT axial plane and three-dimensional reconstruc-
tions. An articular depression alone without cortical split-
ting is defined as a “zero-column (ZC)” fracture. The
fractures involving the cortex of lateral and medial col-
umns are renamed as anterolateral (AL) and anteromedial
(AM) pattern fractures. A fracture involving the cortex of

Fig. 1 The subdivision of TPFs by TCC. According to the three-column classification (TCC), the tibial plateau is divided into three columns,
including the lateral (anterolateral), medial (anteromedial), and posterior columns. The posterior column is then subdivided into two sub-columns,
the posterolateral and posteromedial sub-columns. The fractures could be divided into 14 patterns, in which four different quadrants of the tibial
plateau might be involved. AL, anterolateral column; AM, anteromedial column; PL, posterolateral sub-column; PM, posteromedial sub-column
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the posterior column is further divided into posterolateral
(PL) and posteromedial (PM) pattern fractures. The rea-
son for this division is based on different injury mecha-
nisms and a distinct operation plan including the choice
of surgical approaches and fixation strategies [11, 12]. The
subdivision of tibial plateau fracture by TCC is summa-
rized in Fig. 1.
The classifications of all fractures were executed by a

research team consisting of a chief surgeon, an attending
surgeon of orthopedic trauma, and two resident sur-
geons. The chief surgeon (C-F L) and attending surgeon
(Hui S) were the original contributors to the TCC
system, and the other surgeons were trained and familiar
with both classification systems (the Schatzker classifica-
tion and TCC). The consensus of classification for each
fracture was made among all members of the team to
achieve an accurate evaluation.

Statistics
Continuous variables were presented as the mean and
range values, and categorical data as frequencies and
percentages. The chi-square test was used to compare
the differences between male and female, injury mecha-
nisms, and fracture types. SPSS 19.0 software (Statistical
Package for Social Sciences, Inc., Chicago, IL, USA) was
used for all analysis. P < 0.05 was considered statistically
significant.

Results
Epidemiology
Most of the elderly patients were aged between 60 and
70 years (Fig. 2). The average age of all elderly patients
with TPFs was 66.4 years (range 60–94 years), and males
(mean age 65.5 years; range 60–81 years) were younger
than females (mean age 67.00 years; range 60–94 years)
(P = 0.013). Of these patients, 60.86% (199/327) were
females and the number of female patients was increas-
ing (Fig. 3). Among the 327 elderly patients, 277 suffered
from a single injury, and 37 patients (11.31%) had injur-
ies that were combined with additional injuries. The dis-
tal femoral (10 cases) and upper extremity fractures (9
cases) were the most frequently combined injuries. The
majority of injury mechanisms were traffic accidents, es-
pecially involving an electric bike (E-bike) (106/327,
32.42%) (Table 1).

Schatzker classification
According to the Schatzker classification, type II accounted
for more than half of all fractures (179/327, 54.74%),
followed by type V (47/327, 14.37%), type VI (45/
327,13.76%), type III (29/327, 8.87%), type VI (22/327,
6.73%), and type I (5/327, 1.53%). Schatzker type I TPFs
only occurred to males, while females tended to have a
higher incidence of Schatzker type II TPFs and a lower inci-
dence of type VI fractures compared with males (P < 0.05).

Fig. 2 The age distribution of elderly patients with TPFs between females and males. Most of the elderly patients were aged between 60 and 70 years
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There was no significant gender difference in Schatzker
type I, III, IV, and V fractures (P > 0.05).
The relationship between Schatzker classification and

injury mechanism is demonstrated in Fig. 4. Injuries
from E-bike use caused 62 cases of Schatzker type II
(58.49%) fractures and 42 cases (39.62%) of severe injur-
ies, including Schatzker type IV, V, and VI fractures.

Three-column classification (TCC)
On the basis of TCC, the incidences of different fracture
patterns were analyzed in elderly patients. The one-
column fractures were the most commonly occurring in-
juries (66.67%), followed by the two-column (32.72%),
and three-column fractures (23.85%). Compared with
male patients, female patients had a higher incidence of
one-column fractures (44.2% vs 39.06%, P < 0.05) and a
lower incidence of three-column fractures (22.61% vs
25.78%, P < 0.05).
The AL fractures were the most frequent (94, 28.75%),

followed by the four quadrants fracture of three columns
(AL + AM+ PL + PM pattern) (76, 23.24%) and the AL +

PL pattern fracture of two columns (65, 19.88%). The
least common types were PM (0), PL + PM (1, 0.31%),
AL + AM+PM (1, 0.31%), AL + AM+PL (1, 0.31%). The
gender difference for TCC is shown in Fig. 5. Compared
with males, female patients had a significantly higher
proportion of PL pattern (17.59% vs 3.91%, P < 0.05).
The posterior column of the tibial plateau was involved

in 67.58% of all elderly patients, and the prevalence of PL
and PM were 62.69% and 37.92% respectively. The mor-
bidity of PL alone pattern fracture accounted for 12.23%,
and the majority occurred in females (35/5). (details are
shown in Table 2). There were four cases(3 males, 1 fe-
male) of ZC pattern, which were hardly detected from
X-ray, only seen from CT slices.

Discussion
Incidences of TPFs are a complex spectrum of intra-
articular fractures around the knee joint which are still
of great challenge to treat [13]. Epidemiological and
morphological studies of TPFs have been reported to
improve the concept and surgical techniques of the
treatment [2, 3, 14, 15]. Previously, almost all TPFs-
centred studies have analyzed the patients of different
age groups as a whole, which possibly confounded the
distinctions among age groups [16, 17]. Because of
different injury mechanisms and age-related structural
variation in bone tissue, the management of TPFs in the
elderly population should be very different from that in
younger patients and might be more challenging
[18–21]. Thus, we isolated an elderly population with
TPFs based on age and the epidemiological and morpho-
logical characteristics of TPFs in these patients were
evaluated and summarized.
In the study, patients aged ≥ 60 years accounted for

23.24% of all consecutively registered patients with TPFs.
Among these older patients, females account for 60.86%,

Fig. 3 The incidence of geriatric TPFs from 2013 to 2016. The number of elderly patients with TPFs, especially female patients, presented an
increasing trend

Table 1 Distribution of injury mechanisms

Injury mechanisms Females Males Total (percent)

Traffic injuries

Car accidents 21 19 40 (12.23%)

E-bike accidents 69 37 106(32.42%)

Bicycle 28 13 41(12.54%)

Fall injuries

From height 13 22 35(10.7%)

From medium height 42 26 68(20.80%)

On ground 17 7 24(7.34%)

Others 9 4 13(3.98%)

E-bike electric-bike
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Fig. 4 The distribution of injury mechanism according to the Schatzker classification in elderly patients. Females tended to have a higher
incidence of Schatzker type II TPFs and a lower incidence of type VI fractures when compared with males. There is no significant gender
difference in Schatzker type I, III, IV, and V fractures

Fig. 5 The distribution of fracture patterns based on the TCC in elderly patients between females and males. Compared with males, females had
a higher incidence of PL pattern fractures and a lower incidence of AL fractures. The morbidity of complex AL + AM+PL + PM pattern fractures
was significantly higher in the male patients
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which is higher than previously reported in younger
patients. This is in accordance with the gender trend of
fractures, in which men younger than 50 years have a
higher incidence of fractures, but after the age of
50 years, the incidence increases markedly in women
and decreases in men [2, 6]. Older female patients often
are at high risk of osteoporosis [22, 23]. Decreased bone
quality leads to more low-energy traumatic fractures,
and this study demonstrated a higher incidence of
Schatzker type I, II, and III fractures and one-column
fractures in elderly patients than that reported in the lit-
erature for younger patients [3, 15]. It is well known that
osteoporotic fractures are a frequent and important
cause of disability and rising medical costs worldwide;
however, researchers on osteoporotic or senile fractures
have usually concentrated on the classic fragility frac-
tures of the proximal humerus, distal radius, and prox-
imal femur [23, 24]. Although only 7.34% (24/327) of
fractures in this study were due to falling on the ground
and can be accurately categorized as fragile fractures, it
is obvious that the influence of age or estrogen-related
bone structural changes in this group of patients cannot
be ignored.
The injury mechanisms may vary between different

areas and populations. Among all injury causes of TPFs,
traffic accidents range from 35.49 to 54.4%. In elderly
patients, more than half of TPFs (57.19%) were due to
traffic accidents and E-bike accidents played an import-
ant part (32.42%), with 39.62% of them leading to
high-energy injuries. Use of E-bikes is a major traffic
mode in the plains area of China [25, 26]. Nevertheless,
it is not only an important issue in China, because many

reports have referred to the global prevalence of the
E-bike and its related injuries [27–29]. Tenenbaum et al.
[28] reported that 65% of injured E-bike riders sustained
orthopedic injuries, and the tibia was the most fractured
bone (19.2%) in all E-bike-related fractures. Too fast a
speed, carrying passengers, and traffic rule violations are
the major reasons for E-bike accidents [29–31]. Import-
antly, age could be the most important risk factor for
E-bike injuries according to a traffic report [32]. In a re-
view according to the Groningen bicycle accident data-
base [33], the average age of injured E-bike riders was
65 years, which is very close to the average age of
66.4 years in our study. Considering that more than one
third of TPFs in the elderly were caused by E-bike injur-
ies, related preventive measures would be of benefit to
decrease the numbers of these injuries.
According to the CT-based TCC, the pattern of TPFs

in elderly patients presented a bipolar model as a whole.
The AL fracture alone and the most complicated four
quadrants fracture were the two most frequent patterns
in the elderly population. Low-energy injury to the knee
joint, which might be a valgus injury, always leads to a
high frequency of the lateral plateau fracture, including
the single-column AL fractures alone or the two-column
AL + PL fractures, while the total plateau consisting of
three columns and four quadrants might be all related
to high-energy trauma due to age-related bone fragility.
In the past decade, posterior column injuries of TPFs

have drawn more and more attention. There is growing
evidence that posterior tibial plateau fractures affect the
functional outcome [17, 34]. The reported incidence of
posterior tibial plateau fractures ranges from 28.8 to
70.7% [9, 15]. The results of this study found a clear in-
dication that the posterior column fracture was also as-
sociated with high morbidity in elderly patients
(67.58%), and the PL sub-column (62.69%) was more
often involved than the PM sub-column (37.92%). Ac-
cording to the updated TCC protocol, a ruptured pos-
terolateral wall often needs to be exposed and buttressed
[14]. However, because the access to the PL fracture is
hindered by the fibula and peroneal nerve to the anterior
and by the popliteal neurovascular structures to the pos-
terior, the risk of iatrogenic damage to these adjacent
structures during exposure and fixation is high [35–37].
Subsequently, the exposure of the posterolateral articular
surface is still insufficient due to the popliteus and
strong posterior capsule. To date, although various ap-
proaches and fixation patterns have been developed to
surgically treat the PL fractures, there are still many de-
fects with these posterolateral approaches [37–40].
Isolated posterior column fractures are uncommon

[41, 42]. This type of fracture more frequently occurred
in our study compared with our another related study
(regardless of age) (12.54% vs 7.8%) [15]. In particular,

Table 2 Distribution of posterior column injuries in elderly
patients

Posterior column injuries Gender Total

Female Male

PL 35 5 40(12.23%)

PM 0 0 0

PL + PM 1 0 1

AL + PL 39 26 65

AM+PM 9 7 16

AM+PM + PL 12 7 19

AL + PM + PL 2 1 3

AL + AM+PM 0 1 1

AL + AM+PL 1 0 1

AL + AM+PL + PM 44 32 76

PL involved 134 (67.34%) 71 (55.47%) 205 (62.69%)

PM involved 76 (38.19%) 48 (37.5%) 124 (37.92%)

Posterior column involved 142 (71.36%) 79 (61.72%) 221 (67.58%)

TCC three-column classification, AL anterolateral column, AM anteromedial
column, PL posterolateral sub-column, PM posteromedial sub-column
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most isolated posterior column fractures we found were
single PL fractures involving female patients (85.37%,
35/41). This single PL fracture was caused by low-energy
valgus injury mechanisms in different degrees of knee
flexion, which was characterized by a main articular de-
pression or split fragment limited to the posterior half of
the lateral column [43]. Yu reported a similar frequency
of 11.4% (15/132) in patients with the average age of
53.3 years and indicated that this low-energy posterolat-
eral fracture was highly associated with E-bike injury (8/
15 cases) and mostly involved male patients [44]. In our
study, we did not investigate further whether this frac-
ture pattern was related to E-bike injury but we found
that it mostly occurred in females rather than males in
the older population. Another type to be noted is se-
cluded ZC fracture exist in geriatric TPFs. CT scan is ne-
cessary when X-ray knee is suspicious.
There are several limitations to this study. First, this is

a single-center research study which only represents a
regional epidemiology of this population. Second, this
remains a qualitative, not quantitative morphological
study which is mainly based on the TCC system. Third,
there were no clinical features and treatment outcomes
for a number of reasons. Different treatment concepts
were held by several different treatment teams in our
trauma center; therefore, different treatment choices
(conservation vs surgery, various surgical approaches
and fixation styles, internal fixation vs arthroplasty)
might be selected for the TPFs in elderly patients and
the follow-up data could not be collected uniformly.
Thus, valuable clinical outcome data became difficult to
obtain. Further prospective investigations with measur-
able parameters or refined clinical outcomes are needed
for a more accurate assessment and to reveal the full ex-
tent of TPFs in the elderly.

Conclusion
The majority of elderly patients with tibial plateau frac-
tures are females, and the population involved was in-
creasing. Electric-bike accidents are an important cause
of injury. Geriatric tibial plateau fractures have unique
distribution in classification.
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