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Abstract. The present study evaluated the outcomes of internal
fixation with a joint line plate in the treatment of tibial plateau
fractures caused by hyperextension of the varus. The study
included 25 cases (13 males and 12 females; age, 19‑71 years)
of tibial plateau fracture caused by hyperextension of the varus,
which were treated at Puai Hospital, Tongji Medical College
(Wuhan, China) between January 2015 and June 2017. Fractures
were treated with internal fixations of the inner cortex with a
self‑clipped joint line plate made of steel. After the surgery,
patients were examined immediately and at 3, 6 and 12 months.
Healing was evaluated by X‑ray examination. All cases were
cured during follow‑up. After surgery, one patient developed
partial necrosis of the skin margin of the incision and recovered
after a dressing change. Furthermore, one patient with a
concomitant peroneal nerve injury and hypoesthesia recovered
after treatment with neurotrophic drugs. No screw loosening,
fractures or failure of the internal fixations occurred. According
to the X‑ray results, there were significant differences in the tibial
plateau angle (TPA) and medial posterior slope angle (m‑PSA)
between the pre‑operative stage and 12 months post‑operatively
(P<0.05). However, no significant differences in either the TPA
or m‑PSA were present between the immediate post‑operative
stage and 12 months post‑operatively (P>0.05). In conclusion,
internal fixation with a joint line plate is an appropriate treatment
for tibial plateau fractures involving the anteromedial margin
with good clinical efficacy.
Introduction
Since the lower limb is not aligned with the anatomical
axis of the tibia, the inner side of the tibial plateau is loaded
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with 70% of the knee joint; the bone is hard and most of the
fractures involved in the medial platform are large condyle
cleavages or collapses (1). Tibial plateau fractures are closely
related to the injury mechanism, and for its classification,
Schatzker typing, Moore typing, Arbeitsgemeinschaftfür
Osteosynthesefragen/Orthopaedic Trauma Association
(AO/OTA) typing, three‑column typing and fixation theory
are most widely accepted (2‑5). The correct understanding of
the injury mechanism may effectively guide intra‑operative
reduction, enabling the accurate choice of type, location and
direction of internal fixators, which is crucial for fracture
prognosis (4,6,7). At present, 69% of Schatzker IV fractures
are posterior coronal fractures (8), for which the mechanism
of injury is mostly caused by flexion internal force. Thus,
research on typing and subtypes of Schatzker IV type frac‑
tures is intensive (9,10) and there are numerous treatment
methods (11‑13). However, clinical reports on the typing and
treatment of extended tibial plateau fractures are rare (14,15).
Extended tibial plateau fractures cannot be fully explained
by Schatzker typing, Moore typing or AO/OTA typing (16);
therefore, these fractures have been named hyperextension
varus bicondylar tibial plateau (HEVBTP) fractures, the
characteristics of which are as follows: Loss of posterior slope
angle (PSA), a posterior cortical tension fracture, compres‑
sion of the anterior bone and varus deformity. Fractures of
the tibial plateau are caused by extension or hyperextension,
combined with a force on the varus. The medial column is
the side subjected to pressure, which means that it bears the
impact of the internal condyle of the femur. When subjected to
strong forces, comminuted fracture blocks of the medial and
medial anterior border often occur and the articular surface
may be compressed leading to its collapse; therefore, this
type of fracture may involve the posterior column and even
a three‑column comminuted fracture. The articular surface
features a backward inclination and may even turn to a forward
tilt, and the medial meniscus is squeezed and may be damaged
or torn. The lateral and posterolateral structure is the tension
side, frequently complicating lateral collateral ligament or
posterolateral complex injury and posterior cruciate ligament
injury (17‑20).
As a special type of fracture, tibial plateau fractures
involving the anteromedial margin caused by a hyperextension
varus injury in a clinical setting have rarely been reported in
the literature (16). This type of fracture is usually caused by
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serious, violent injury and is characteristic of endangering the
medial column, posterior column or even the three columns of
the tibial plateau, which complicate the injury of the medial
and lateral meniscus, posterolateral complex and posterior
cruciate ligament (14,21). The key to surgical treatment of
tibial plateau fractures involving the anteromedial margin
caused by a hyperextension varus injury is the accurate
reduction of the posterior cortex and the effective support
and fixation of the anterior compression bone, particularly the
reduction and strong fixation of the anteromedial comminuted
bone, which is a difficulty for the treatment of this type of
fracture. If the treatment is improper, it inevitably results in
loss of reduction, thus affecting the stability of fixation and
increasing the incidence of complications. From January 2015
to June 2017, 27 patients with tibial plateau fractures caused
by hyperextension varus were treated with a self‑clipped joint
line plate at Puai Hospital, Tongji Medical College (Wuhan,
China). Among the 27 patients, 2 were lost to follow‑up, and
25 had complete patient data and recovered well throughout
the follow‑up. In the present study, a retrospective analysis of
the 25 patients is provided.
Materials and methods
Subjects. The inclusion criteria were as follows: i) Adult
patients with fresh, closed fractures; ii) patients diagnosed
as having a tibial plateau fracture involving the anteromedial
margin caused by a hyperextension varus injury by X‑ray films
and CT; iii) patients with normal knee joint motion prior to
injury; and iv) patients with no severe vascular or nerve inju‑
ries. Patients with open fracture, pathological fracture, severe
vascular or nerve injury or complicating osteofascial compart‑
ment syndrome were excluded from the study.
A total of 25 patients were included in the present
study, comprising 13 males and 12 females, aged between
19 and 71 years with a mean age of 45.2 years. All patients had
closed fractures, although 2 patients had fractures with other
complicated parts. The average time from injury to internal
fixation was 10.7 days (range, 5 to 17 days). The causes of injury
were as follows: Motor vehicle collision (n=6 cases), high‑fall
injury (fall from over standing height, n=5), fall from an electric
bicycle (n=9), fall from a bicycle (n=3) and fall injury (fall from
standing height or less, n=2). The patients' classification based
on the three‑column theory was as follows (22): Simple medial
column fracture (n=4 cases), fracture of the medial and lateral
columns (n=5), fracture of the medial and posterior columns
(n=9) and three‑column fractures (n=7). The classification based
on AO/OTA was as follows: B2.3 (n=4 cases), B3.2 (n=9), C2.3
(n=8) and C3.3 (n=4). The basic characteristics of the patients
are presented in Table SI.
Patients with simple medial column fractures were treated
with a plaster cast prior to the operation and the other patients
were treated with calcaneal traction. All patients received
routine pre‑operative swelling treatment and prevention of
deep venous thrombosis of the lower extremities. Pre‑operative
three‑dimensional CT and MRI examinations were performed
to assess the extent of fracture displacement and comminution,
and to assess ligament and meniscus injury. The blood
circulation and sensory‑motor function of the lower limbs was
closely monitored prior to the operation.

The surgical incision types were as follows: Simple
anteromedial incision (n=4 cases); simple posterior medial
incision (n=7); anteromedial and backside inverted ‘L’ incision
(n=2); anterolateral and posterior medial incision (n=10);
anterolateral and backside inverted ‘L’ incision (n=1); and
anterolateral and anteromedial, as well as backside inverted ‘L’
incision (n=1). All 25 patients received a bone graft during the
operation, including autologous iliac bone grafts (n=6 cases),
allograft bone grafts (n=17) and artificial bone grafts, using
hydroxyapatite material (n=2).
Surgical methods. Prior to the operation, proper posture
selection, surgical approach and reset order were carefully
planned and chosen. The supine position was used for
patients who required an anteromedial approach, posterior
medial approach or a conventional internal and external
combined approach. The prone position was taken first after
the posterior side inverted ‘L’ incision was performed. After
the internal column and the posterior column were fixed, the
position was changed to a supine position. The anterome‑
dial and/or anterolateral incision was used to reset and fix
the anteromedial fracture block and the lateral column. For
patients with complex, three‑column fractures, the floating
position may be used to observe the intra‑operative reduction.
After exposure, the internal and external condyle fractures
were opened and the meniscus was exposed when the knee
joint was turned outward. In reference to pre‑operative routine
MRI examination, if there was a meniscus injury, absorbable
sutures were first used to repair the injury. There were 2 cases
in which the medial meniscus margins had a vertical radial
rupture and 4 cases in which the lateral meniscus margins had
a vertical longitudinal rupture; all meniscus ruptures were
repaired with absorbable sutures. During meniscus repair,
it is possible to evaluate the height and shape of the tibial
plateau articular surface, which is conducive to the anatomical
reduction of tibial plateau fractures.
The collapsed articular surface was restored using tools of
the periosteum, the top bar was placed through the fractured
window and a bone allograft, autogenous bone or artificial
bone graft was implanted at the collapse site. When the
articular surface was satisfactorily restored, the Kirschner
wire was temporarily fixed to the subchondral bone. After the
fixation was confirmed by the C‑arm X‑ray machine, proper
internal fixation materials were selected. The rebuilt titanium
plate, 1/3 tube plate, rebuilt titanium locking plate or 3.5 mm
proximal tibia plate (PTP) titanium plate were clipped in
accordance with the prebending of the medial tibia to form
the joint line plate, which was then fixed to the anteromedial
margin of the tibia plateau. According to the fracture condi‑
tions, combined with other internal fixation materials, such
as the proximal tibial T‑type locking titanium plate, the distal
radius T‑type titanium plate, the PTP titanium plate and the
reconstruction titanium plate, final fixation was completed. For
unstable bone fragments involving articular surface fixation,
small hollow lag screws or absorbable sutures may be used
for the fix. After the bone structure was fixed, the stability of
the knee joint ligament was examined. In 2 cases in which an
avulsion fracture at the insertion point of the posterior cruciate
occurred, the ligaments were fixed with hollow screws after
reduction. In 4 cases in which the lateral collateral ligament
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was avulsed from the fibular head, exposing the fibula capit‑
ulum through the lateral incision, wire anchors were placed
and the avulsion was repaired by suture. No medial collateral
ligament, anterior cruciate ligament or posterior cruciate liga‑
ment rupture were identified in any of the patients. The wound
drainage tube was routinely retained after the operation.
Post‑operative treatment and follow‑up. All patients were
treated with a cotton pad to bandage the wound to reduce
bleeding after the operation. At the same time, the affected
limb was raised to reduce wound and limb swelling.
Low‑molecular‑weight heparin was administered 12 h after the
operation to prevent deep vein thrombosis of the lower limb.
After 48 h, the wound drainage tube was removed and knee
joint flexion and extension function exercises were performed
under the protection of braces.
All patients underwent examination immediately after the
operation and at 3, 6 and 12 months after the operation. The
healing time of the fracture was judged by X‑ray and clinical
examination, and the time of full weight‑bearing walking was
recorded. Any complications after the operation and during
follow‑up were recorded. Due to the medial tibial plateau
bearing most of the load of the knee joint, if the fracture block
of the anteromedial platform was seriously crushed, the time
of partial weight load was postponed accordingly. It may
be suggested that the patient should be supported for up to
3 months after the operation. The time‑point of full‑weight
load‑bearing was finally determined by X‑ray according to the
degree of fracture grinding and the healing conditions.
The tibial plateau angle (TPA) and PSA were measured by
X‑ray. The TPA and PSA of the tibial plateau prior to operation,
immediately after operation and 12 months after the operation
were compared. Knee joint function of the affected limb was
measured 12 months after the operation and was evaluated
according to the knee joint Hospital for Special Surgery (HSS)
standard score (23).
Statistical analysis. The statistical software SPSS 19.0
(IBM, Corp.) was used for statistical analyses. First, the
Shapiro‑Wilk test was used to determine whether the measure‑
ment data had a normal distribution. The tibial plateau TPA,
the medial PSA (m‑PSA) and the lateral PSA (l‑PSA) had
normal distribution data, and the variance was homogeneous;
therefore, values were expressed as the mean ± standard devia‑
tion. Comparisons of the tibial plateau TPA and PSA prior to
the operation, immediately after the operation and 12 months
after the operation were analyzed by repeated‑measures
ANOVA with further pairwise comparisons by the least‑signif‑
icant difference t‑test. P<0.05 was considered to indicate a
statistically significant difference.
Results
Status of fracture healing after the operation. The 25 patients
were followed up for an average of 17.6 months (range,
12‑30 months) and it was found that all fractures had healed.
X‑ray films revealed that 20 cases achieved anatomical reduc‑
tion and 3 cases had articular surface collapse by <2 mm.
The average operation time was 48 min (range, 25‑120 min)
and the average blood loss during the operation was 110 ml
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(range, 15‑250 ml). The mean Rasmussen score immediately
after the operation was 15.6 points (range, 12‑18 points).
Fracture healing was achieved in all 25 patients. The average
time of healing and full weight‑bearing was 12.1 weeks
(range, 8‑14 weeks) and 15.8 weeks (range, 13‑20 weeks),
respectively. The HSS scores of all the patients at 12 months
post‑operatively averaged 87.6 (range, 68‑96), yielding an
excellent to good rate of 91.5%. The average range of motion
of the affected knee ranged from 2.3˚ to 125.1˚ 12 months after
the operation. The data of the status of fracture healing after
the operation are presented in Table SI.
TPA and posterior slope angle of the tibial plateau prior to
operation and after the operation. The tibial plateau TPA and
m‑PSA immediately as well as 12 months after the operation
were significantly different from those prior to the operation
(P<0.05; Fig. 1A and B). However, there was no significant
difference in the TPA and m‑PSA between the stage imme‑
diately after the operation and 12 months after the operation
(P>0.05; Fig. 1A and B). No significant difference was present
in the pre‑operative l‑PSA between the stage immediately
after the operation and 12 months after the operation (P>0.05;
Fig. 1C). Partial incision necrosis occurred post‑operatively in
1 case, which uneventfully healed after wound management.
Typically, the fractures of a 19‑year‑old male with hyperexten‑
sion varus of tibial plateau fractures (Schatzker V type) caused
by a motor vehicle collision (Fig. 2) and a 33‑year‑old female
with hyperextension varus of tibial plateau fractures (Schatzker
V type) caused by a high‑fall injury (Fig. 3) both were healed,
and there was no loss of reduction at 12 months post‑surgery.
In addition, there were 2 cases complicated with pre‑operative
common peroneal nerve injury reported with a dorsal sense of
numbness, which healed after 3 months of neurotrophic drug
administration. No screw loosening, plate breakage or fixation
failure was detected during follow‑up.
Discussion
Internal fixation materials commonly used for clinical medial
platform repairs, such as 3.5 or 4.5 mm locking titanium plates
or reconstruction titanium plates cannot be fixed to the antero‑
medial margin and cannot form a strong support and fixation
for the broken fracture block of the anteromedial cortex due
to the limited coverage or support area (24‑27). In particular,
cases in which the anteromedial cortical bone fracture extends
to the anterolateral side, resulting in the overall comminuted
collapse of the tibial plateau, are lacking effective fixation,
which inevitably results in inadequate elevation of the medial
articular surface of the medial platform, insufficient recovery
of the obliquity, loss of later reduction, failure of internal fixa‑
tion, impairment of the stability of knee joint and an increase
in the incidence of complications (28). Therefore, internal
fixation and material selection for anteromedial cortical bone
comminuted fractures are difficult and clinical reports are
currently sparse. As an example, Firoozabadi et al (16) placed
3.5 mm medial T‑locking titanium plates in the anteromedial
side as the main supporting plate, but only to fix the entire
medial condyle bone block. As for a comminuted fracture
involving the joint margin, scholars worldwide have attempted
to use various types of internal fixation. Giordano et al (29)
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Figure 1. (A) TPA, (B) medial PSA (m‑PSA) and (C) lateral PSA (l‑PSA) of all patients prior to surgery, immediately after surgery and at 12 months after the
operation. The TPA and m‑PSA immediately after surgery were significantly different from those prior to the operation. There was no significant difference in
the tibial plateau TPA or the m‑PSA at 12 months after the operation vs. immediately after the operation. No significant difference in the l‑PSA was observed
among the stages prior to surgery, immediately after the operation and 12 months after surgery. *P<0.05. ns, no significance (P>0.05). TPA, tibial plateau angle;
PSA, posterior slope angle.

applied a 1/3 tubular steel plate preflexion and transverse
fixation to the posterior lateral joint in comminuted fractures
of the posterolateral joint margin of the tibial plateau and
called it ‘hoop plating’. Lv et al (30) used a 2.4‑mm radial
distal locking plate for the treatment of a posterior lateral
collapse fracture of the tibial plateau. The plate was placed
closely to the articular surface, which achieved a satisfactory
clinical effect. However, the 2.4 or 2.7 mm radial distal plate
system has low strength and small coverage, is mostly used for
the internal fixation of upper limb fractures and is not reported
for the treatment of comminuted fractures of the medial tibial
medial cortex.
In the present study, the concept of the circumference
line steel plate was proposed: The shape of the internal fixa‑
tion material is an arc, semi‑ring or even a ring fixed to the
articular cartilage along the joint edge to fix the broken frac‑
ture block. The idea is to fix the comminuted fracture blocks
to the main fracture block or other stable fracture blocks of
the joint surface to form the whole condyle. Through its own
metaphyseal support or other metaphyseal plate bridging,
the condyle was fixed to the diaphysis. At the same time, the
plate was fixed to the anteromedial margin and the screw was
located below the articular surface, particularly with the angle
stability of the locking plate, forming ‘bamboo raft fixation’
technology and the cross fixation technique for the articular

cartilage, which may provide a powerful mechanical support
for the formation of the comminuted fracture blocks of the
anteromedial margin (31).
Giordano et al (29) proposed that the ‘hoop plate’ may
also be used for the joint edge, which may appear the same
as the concept of the joint line plate of the present study, but
actually it is not. The hoop plate is used to treat posterior
condyle fractures of the tibial plateau, of which the 1/3 tube
plate is pre‑bent to the posterior side of the tibial plateau to
strengthen the effect of a ‘buttress plate’, meaning that ‘hoop
plates’ only have a fixed function as the collar. The joint line
plate is also placed on the joint edge in the present study of
the anteromedial tibial plateau joint and may also be used for
other parts of the fracture. At the same time, the idea of the
joint line plate in fixing bone fragments of the joint edge is
emphasized, similar to the ‘hoop plate’ or locking plate, which
exerts the angle stabilizing effect of locking screws to form
a ‘bamboo raft fixation’ effect, having a supporting function
on the metaphyseal. At present, there is no such specialized
type of joint line plate used for the anteromedial margin of
the tibial plateau. In the present study, a self‑clipped joint line
plate was made based on the size and position of the fracture
blocks, including the use of reconstruction titanium plates
(n=6 cases), 1/3 tube type steel plate fixation (n=5), reconstruc‑
tion locking plate fixation (n=10) and a 3.5‑mm system PTP
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Figure 2. Representative case of a 19‑year‑old male with hyperextension varus of tibial plateau fractures (Schatzker V type) caused by an electric bicycle
collision. Pre‑operative radiographs in frontal (A) and side (B) position. Pre‑operative three‑dimensional CT displaying medial and lateral column fractures.
(C) Anterior view. (D) Lateral view from left side. (E) Posterior view. (F) Lateral view from right side. (G) Transverse view. (H) ∠abc represents the tibial
plateau angle and (I) ∠gef represents the posterior slope angle by CT. (J) Image of a 2.7‑mm T‑shaped Locking plate that was horizontally placed and its
location during the operation. (K and L) Radiography was performed immediately after the operation. (M and N) Radiographs at 12 months post‑surgery
indicated that the fractures were healed and there was no loss of reduction. (O and P) General functional position of the patient 12 months after the operation.

titanium plate fixation (n=4). Among the 25 patients included
in the follow‑up, 20 cases achieved anatomical reduction and
the tibial plateau TPA and PSA recovered satisfactorily after
the operation. At one year after the operation, the tibial plateau
TPA, m‑PSA and l‑PSA exhibited no significant changes from
the angles immediately after the surgery and the reduction
was not lost. It was proven that with the fixation of the medial
supporting plate, the self‑clipped joint plate was able to
meet the requirements of the early functional exercise of the
affected limb and the recovery of the knee joint function was
satisfactory after the operation.
During the operation, the height of the anteromedial
platform fracture should be fully restored, along with the TPA

and PSA, and may be compared with that of healthy limbs.
It is crucial that the bone graft in the bone defect area is
sufficient. If there are certain defects, it is suggested that an
autogenous iliac bone graft may be used, with the advantages
of having powerful support, effects of good bone formation,
bone induction and conduction, and fastening of the fracture
during healing (32). During the operation, the medial collateral
ligament, the ‘goose foot’ and other medial stable structures
should be protected to avoid post‑operative instability of the
knee joint (33). When prebending the joint line plate, the plate
should be closely adhered to the bone to reduce irritation to
the skin and soft tissue and the influence of the flexion activity
of the knee joint after the operation. During the operation, if it
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Figure 3. Representative case of a 33‑year‑old female with hyperextension varus of tibial plateau fractures (Schatzker V type) caused by a fall injury.
Pre‑operative radiographs in (A) frontal and (B) side position. Pre‑operative three‑dimensional CT revealing three‑column fractures. (C) Anterior view.
(D) Lateral view from left side. (E) Posterior view. (F) Lateral view from right side. (G) Transverse view. (H) Image of a 3.5‑mm rebuilt titanium plate that was
horizontally placed and its location during the operation. Radiographs immediately post‑surgery in (I) frontal and (J) side position. Radiographs at 12 months
post‑surgery in (K) frontal and (L) side position indicated that the fractures were healed and there was no loss of reduction. (M and N) General functional
position of the patient 12 months after the operation.

is necessary to reduce the dissection of the soft tissue around
the incision, the use of an electric knife and clamping the edge
of the skin should be avoided in order to reduce complica‑
tions such as incision fat liquefaction, skin necrosis or wound
infection. There may be a posterolateral complex injury in

this type of fracture and particularly the lateral collateral
ligament may be torn or the fibular head may have an avulsion
fracture. Internal and external stress tests should be performed
after the internal fixation of the intraoperative fracture
reduction, the stability of the lateral collateral ligament should
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be checked and one‑stage surgical repair should be performed
if necessary (34).
Deficits of the present study are that the number of cases
with the application of the joint line plate was limited and
the follow‑up time was relatively short. Further studies with
more cases and further follow‑up observations are required to
acquire more accurate clinical treatment results. In addition,
the self‑clipped joint line plate has no supporting functions
on the epiphysis, which is necessary to cooperate with other
internal fixation materials to complete the final fixation.
Therefore, according to the idea of joint line plating, it is
esteemed to develop an anatomic type of joint line plating to
meet clinical requirements.
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