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Abstract 

Background:  Hyperextension bicondylar tibial plateau fracture (HBTPF) is a particular form of tibial plateau fracture 
which has gained increasing interest recently but were rarely documented. In this study, we reported the characteris-
tics, clinical intervention, and therapeutic outcomes of HBTPF patients.

Methods:    From May 2015 to October 2017, clinical data of consecutive patients with bicondylar tibial plateau 
fractures (BTPF) who underwent surgical treatment in our hospital were retrospectively studied. The patients were 
allocated to either the HBTPF group (study group) or the non-HBTPF group (control group) based on the radiological 
features, and inclusion and exclusion criteria. Demographics, characteristics of knee joint injuries, complications, and 
outcomes were compared between the two groups.

Results:  In total, 59 patients were included in this study. Among them, 17 patients with HBTPF were identified and 
42 patients were diagnosed as non-HBTPF. No differences in age, sex, cause of injury, side of injury, site of injury, nerve 
injury, operation time, and treatment time and incision complication between HBTPF and non-HBTPF group. The inci-
dence rate of popliteal artery injury in HBTPF group was 29.4 %, which was significantly higher than that of non-HBTPF 
group. Small bone chips on the lateral film were found in 94.1 % of the patients in HBTPF group, which was signifi-
cantly higher than that of non-HBTPF group. The range of motion (ROM) and hospital for special surgery (HSS) score 
of HBTPF group were significantly lower than those of non-HBTPF group.

Conclusions:  HBTPF is a severe injury with a higher incidence rate of popliteal artery injury and worse outcomes 
than non-HBTPF. Small bone chips at the anterior margin of the proximal tibia on the lateral plain film might be a 
characteristic of HBTPF.

Keywords:  Hyperextension bicondylar tibial plateau fracture, Ligament injury, Popliteal artery, Bone fragment, 
Hospital for special surgery
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Background
Tibial plateau fractures are uncommon injuries. They are 
more likely to occur among the young population due to 
high-energy trauma, and due to fragility fractures among 

the elderly [1]. Their fracture patterns and severity can be 
characterized by the Schatzker, AO/OTA, or Moore clas-
sification systems [2–4]. Bicondylar tibial plateau frac-
tures, or Schatzker V and VI fractures, are considered the 
most severe tibial plateau fractures. Among them, a sub-
set of injuries caused by hyperextension and high energy 
mechanisms are usually referred to as hyperextension 
bicondylar tibial plateau fractures (HBTPF).
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HBTPF are complex intra-articular injuries with the 
presentation of varus, valgus, and pure hyperextension 
mechanism, leading to injuries in articular congruity, 
cartilage integrity, and extra-articular structures [2, 5]. 
In 2016, Firoozabadi et al. first reported the major radi-
ographical changes of HBTPF, including (1) loss of the 
normal posterior slope of the tibial plateau, (2) tension 
failure of the posterior cortex, and (3) compression of the 
anterior cortex due to axial load on a hyperextended knee 
[6].

  The management of HBTPF has been a challenge in 
clinical setting due to its complexity. Today, the manage-
ment mainly focuses on two aspects, the restoration of 
articular congruency and articular alignment, and the 
soft tissue care and limb survival [7]. Different surgical 
strategies have been tested to stabilize both the medial 
and lateral columns for the reconstruction of articular 
surface and prevention of varus collapse [1, 8]. For exam-
ple, a meta-analysis showed that highly comminuted 
bicondylar tibial plateau fractures treated by single lateral 
locking plate had similar outcomes as dual plate fixation. 
However, there is very little existing literature regarding 
the management of soft tissue and associated compli-
cations, including compartment syndrome, soft tissue 
damage, secondary osteoarthrosis (OA), and persistent 
knee instability [9]. To improve the outcomes of clinical 
intervention and investigate the complications associated 
with the HBTPF, we retrospectively studied the HBTPF 
patients treated in our hospital. The diagnosis and 
treatment strategy of HBTPF were reported, and treat-
ment outcomes were compared to those of non-HBTPF 
patients.

Methods
Patients
In this retrospective study, clinical data of consecutive 
patients with bicondylar tibial plateau fracture (BTPF), 
who were treated in our department from May 2015 to 
October 2017, were collected. Inclusion criteria were: (1) 
patients aged 18 years and above; (2) patients examined 
by X-ray, computed tomography (CT) scan, or magnetic 
resonance imaging (MRI) with definitive diagnosis of 
BTPF; (3) has signed the informed consent. Exclusion 
criteria were: (1) patients with (an)other fracture(s) in 
addition to BTPF; (2) patient refused to sign informed 
consent.  The study was approved by ethic committee of 
Tianjin Hospital and was carried out in accordance with 
the declaration of Helsinki.

Diagnosis
All patients underwent imaging studies of knee inju-
ries including X-ray, CT scan, and MRI for diagnosis. 
Diagnostic criteria of HBTPF were (1) sagittal plane 

malalignment with loss of the normal posterior slope 
of the tibial plateau, (2) tension failure of the posterior 
cortex, (3) compression of the anterior cortex [6]. The 
definitive diagnosis was made jointly by three attending 
physicians. Patients diagnosed with HBTPF were allo-
cated to the HBTPF group and patients diagnosed with 
Schatzker type V or VI bicondylar tibial plateau fractures 
to the non-HBTPF group (control group). Magnetic reso-
nance scanning, although not essential, was carried out 
to determine associated ligament and meniscus injuries 
whenever the patient’s condition allowed.

Treatment
Preoperative treatment
The knee line was corrected with calcaneal traction or 
temporary joint spanning external fixator and the stabil-
ity of both groups was maintained until definitive fixation 
was performed. Patients with arterial injuries under-
went emergency repair with a great saphenous vein graft, 
which was conducted by a vascular surgeon, followed by 
internal fixation or fasciotomy through a temporary knee 
spanning an external fixator. Anticoagulation therapy 
with 40  mg low-molecular-weight heparin Q12h was 
performed daily since admission. Definitive surgery was 
performed with a thigh tourniquet under general or epi-
dural anesthesia when the condition of the soft tissue had 
improved.

Surgical process
The patient was placed in the supine position with dual 
incisions made to reduce and fix the fracture with a pre-
contoured proximal tibial locking or non-locking plate 
and screws. Usually, a medial incision is first applied to 
treat the medial condyle fracture fragment, observe the 
reduction of its posterior fragment, and protect the pes 
anserinus tendon during dissection. The medial inci-
sions could be slightly posterior depending on whether 
the posterior fracture blocks need to be reduced and 
fixed. For HBTPF patients, after the hematoma and/
or fibrous osteotylus were cleaned, the posterior frag-
ment was reduced to a hinge to elevate the compres-
sive anterior fracture. After the blocks and the articular 
surface were reduced, a locking plate was placed medi-
ally, and the placement of the posterior plates (locking 
or non-locking plates) was dependent on the stability of 
the posterior fracture fragments, which were exposed 
through flexion and external rotation of the knee. Based 
on the reduced medial condyle, the lateral condylar frac-
ture blocks were reduced and fixed with locking plates 
through a lateral incision. The isolated fracture fragments 
located at the anterior margin of the proximal tibia were 
fixed with a 1/3 tubular plate at the operator’s discretion. 
C-arm fluoroscopy was used to check whether the knee 
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center passed through the lower limb line by stretching 
the electric knife wire. If the center of the knee was out of 
line, the fixation needed to be corrected. The bone defect 
was filled with allogeneic bone or calcium sulfate bone 
cement. The injured meniscus was repaired or sutured 
to the capsule during surgery. Meniscectomy is needed 
if the meniscus was completely damaged and not worth 
repairing. After fixation of the fracture, a complete col-
lateral ligament rupture was repaired. If knee instability 
was detected, the posterolateral complex was eventually 
reconstructed, but a complete cruciate ligament rupture 
still needed to be repaired arthroscopically. The surgical 
procedure and preoperative, intraoperative, and post-
operative radiographs are shown in Figs.  1, 2 and 3. To 
control potential biases, the operations and postopera-
tive care were performed by the same senior surgeon and 

group of nurses, whilst evaluation and data analysis were 
conducted by other team members.

Postoperative care
Rehabilitation exercises were initiated on postoperative 
day 1. Patients were encouraged to perform quadriceps-
strengthening exercises as well as distal limb activity. 
They were discharged in one or two weeks after surgery 
and underwent physical therapy during the following 12 
weeks.

Evaluation
After the operation, radiographic examination was 
required for every patient once a month until the healing 
of the fracture. After the healing of the fractures, whether 
the patients complained about any discomfort or not, all 

Fig. 1    Hyperextension varus bicondylar fracture due to a fall from height. Radiological images of a 59-year-old Chinese male with HBTPF. a Red 
line and orange line showed the reversed slope. White arrow shows the small bone fragment of the fracture. b The red arrow showed the anterior 
compression fracture. c Red arrow showed the tension failure. d–h 3D computed tomography reconstruction preoperatively
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patients were followed-up for 24 months. Due to the kind 
cooperation of the patients, there was no loss to follow-
up. Knee function was evaluated during the last clinical 
visit of patients. The evaluation included range of motion 
(ROM) and hospital for special surgery (HSS) knee score.

Statistical analysis
Data were analyzed by SPSS software (version 15.0, IBM, 
Armonk, NY, USA). Each variable was tested for nor-
mality before statistical analysis. Data were presented as 
mean ± SD (standard deviation) or frequency (%). The 
difference between the two groups was analyzed by stu-
dent’s t-test or Chi-square test or Fisher’s exact test where 
appropriate. All p-values were two tailed and p value less 
than 0.05 was considered statistically significant.

Results
Baseline information
In total, 59 patients were included in this study. 17 
patients were diagnosed with HBTPF and 42 patients 
were diagnosed with BTPF. One patient in the BPTF 
group had fractures in both knees. Hence, there were 
43 fractures in the non-HBTPF group. The average age 
of the patients were about 50 years, and no difference 
was found between two groups. More males were found 
in both groups than females. However, no difference 
was observed in the distribution of sex in both groups 
(p = 1.000). The duration from admission to surgery was 
the same in both groups (p = 0.180). The injuries had 
four causes, including traffic accident, pedestrian acci-
dent, falling, and heavy strike. Among them, traffic acci-
dent was the major reason, with about half of the injuries 
caused by it. It is worth noting that pedestrian accidents 
were more prevalent in the non-HBTPF group than in 
the HBTPF group, and patients in the non-HBTPF group 
were more likely to be injured in the left knees, though 
no statistical difference was observed. More details were 
displayed in Table 1.

Clinical characteristics
The X-ray imaging of HBTPF was characterized by loss 
or inversion of the posterior slope of the tibial plateau, 
distraction rupture of the posterior cortex with down-
ward oblique main fracture line, presence of isolated 
fracture fragment at the anterior margin of the proxi-
mal tibia, presence or absence of avulsion fracture of 

the fibular head on the lateral film, and anterior cor-
tex compression fracture on the coronal image (Fig. 4). 
These findings are helpful to distinguish HBTPF from 
Schaztker type V or VI fractures.

Injuries in anterior cruciate ligament (ACL), poste-
rior cruciate ligament (PCL), medial collateral ligament 
(MCL), and lateral collateral ligament (LCL) were com-
mon in both HBTPF and non-HBTPF groups. Though 
the incidence rates were variable, no statistical difference 
was found between two groups. In the HBTPF group, 
the MCL was the ligament that most likely to be injured, 
with injuries occurring in 70.6 % of the patients. In the 
non-HBTPF group, the injury rate of ACL, MCL, and 
LCL were very close, which happened in more than 50 % 
of the patients. In both groups, the PCL was least likely 
to be injured (Table  1). Similarly, injuries in the lateral 
meniscus and the medial meniscus were common in both 
groups with incidence rates ranging from 55.8 to 76.5 %. 
No statistical difference was identified. Popliteal artery 
injuries occurred in both groups. While five out of 17 
patients in HBTPF group had popliteal artery injury, only 
2 patients in the non-HBTPF group suffered from it. The 
difference was statistically significant (p = 0.016). Patients 
who had popliteal artery injuries underwent fasciotomy, 
except for one patient in the HBTPF group underwent 
both arterial repair and fracture fixation. Nerve inju-
ries occurred at low levels. There were only 3 patients in 
each group suffering from peroneal nerve palsy (Table 1). 
These patients recovered gradually, except for one com-
plained slight numbness at the last clinical visit.

Clinical outcomes
Forty-two fractures in the non-HBTPF group received 
definitive fixation. Due to extensive muscle necrosis, 
one patient underwent amputation. No infection was 
not observed in HBPTF group, whilst superficial and 
deep incisional infections were found in 3 and 1 patients 
respectively in non-HBTPF group. A chronic sinus dis-
tal to the incision occurred in one patient and was con-
firmed to be culture-negative with no effect on fracture 
healing. Deep vein thrombosis occurred in 10 patients 
in the HBTPF group and 19 patients in the non-HBTPF 
group before or after surgery, with no statistical differ-
ence between the two groups. All patients recovered 
in 11 to 18 weeks. In particular, the average bone heal-
ing time in both groups were 14.1 and 13.8 weeks in the 
HBTPF and the non-HBTPF groups, respectively. The 

Fig. 2    Images of hyperextension bicondylar fracture due to traffic accident.Radiological images of a 50-year-old Chinese male with HBTPF. 
a, b X-ray image showed the HBTPF. c-g 3D computed tomography reconstruction preoperatively. h Pre-operative appearance. i, j showed 
intraoperative dual incisions. k X-ray image, red arrows showed K-wires to reduce the compressed anterior plateau and maintain the reduction. 
l show C-arm. m-p 3D computed tomography reconstruction within one week postoperatively. q, r X-ray images, 7 months postoperatively

(See figure on next page.)
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Fig. 3     A 36-year old patient with hyperextension bicondylar fracture due to traffic accident. Radiological images of a 36-year-old Chinese female 
with HBTPF. a, b X-ray image of injured knee joint preoperatively. c, d 3D computed tomography reconstruction preoperatively. e intraoperative 
reduction and incisions. f, g fluoroscopy images of reduction on C-arm. Red arrow in f showed the retractor to reduce the compressed anterior 
plateau and maintain the reduction. h, i X-ray images within one week postoperatively. j, k 3D computed tomography reconstruction within 1 week 
postoperatively
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difference was not statistically significant. After recovery, 
the knee joints of HBTPF group showed inferior range of 
motion (ROM) than that of non-HBTPF group. The HSS 
score of HBTPF group (89.3 ± 3.5) was lower than that of 
non-HBTPF group (89.3 ± 3.5), as shown in Table 2. The 
differences in ROM and HSS between both groups were 
statistically significant. No loss of sagittal reduction was 
observed in either group.

Discussion
HBTPF has attracted significant interest during the past 
decade, particularly during the past 5 years [10]. Several 
reports described anteromedial tibial plateau compres-
sion combined with posterolateral corner injury resulted 
from knee hyperextension varus injury, though the inci-
dence and classification were uncertain [11–13]. One 
landmark was in 2016 when Firoozadbadi et al. reviewed 
25 hyperextension varus bicondylar fractures (11.8 %) 
among 212 bicondylar fractures over 124 months and 
recommended the use of the AO/OTA 41C3.3 classi-
fication in addition to the Schaztker classification for 
the classification of these fractures with regard to sur-
gical technique and associated injuries, such as neuro-
vascular complications [6]. Gonzalez et  al. reported 15 

hyperextension bicondylar fractures (13.0 %) among 115 
bicondylar fractures over 93 months [2]. In this study, 
17 hyperextension bicondylar fractures among 60 bicon-
dylar fractures were reported over 30 months. The inci-
dence rate of 28.3 % was much higher than what had been 
reported previously. The main cause of HBTPF was traf-
fic accident, typically where motor vehicles crashed into 
cyclists.

In this study, we noticed that ligament injuries were 
associated with the hyperextension fractures, and the 

Table 1  Demographic information and clinical characteristics of 
patients

Data were expressed as mean ± SD or frequency (%); ACL anterior cruciate 
ligament, PCL posterior cruciate ligament, MCL medial collateral ligament, 
LCL lateral collateral ligament

Variable HBTPF
(n = 17)

BTPF
(n = 43)

p-value

Age (year) 52.12 ± 9.9 51.21 ± 10.1 0.750

Sex (male/female) 12/5 29/13 1.000

Duration from admission to 
surgery (day)

11.1 ± 5.5 14.9 ± 9.6 0.180

Cause of injury 0.400

 Traffic accident 10 (58.8) 19 (44.2)

 Pedestrian accident 3 (17.6) 18 (41.8)

 Falling 1 (5.9) 3 (7.0)

 Heavy strike 3 (17.6) 3 (7.0)

 Side injured (left/right) 8/9 29/14 0.240

Injury of ligament

 ACL 7 (41.2) 23 (53.5) 0.399

 PCL 4 (23.5) 13 (30.2) 0.753

 MCL 12 (70.6) 24 (55.8) 0.391

 LCL 8 (47.1) 26 (60.5) 1.000

 Lateral meniscus 10 (58.5) 24 (55.8) 1.000

 Medial meniscus 13 (76.5) 28 (65.1) 0.545

 Popliteal artery injury 5 (29.4) 2 (4.7) 0.016

 Nerve injury 3 (17.6) 3 (7.0) 0.344

 Small bone chips 16 (94.1) 21 (48.8) 0.001

Fig. 4    Hyperextensiion and common Schaztker bicondylar tibial 
plateau fractures. a Common Schaztker bicondylar tibial plateau 
fracture with clear fracture line on the A-P view of X-ray image. 
b Common Schaztker bicondylar tibial plateau fracture with the 
posterior slope of the tibial plateau on the lateral view of X-ray image. 
c Hyperextension bicondylar tibial plateau fracture (HBTPF), anterior 
plateau is compressed, and the fracture line is high density on the A-P 
view of X-ray image. d HBPTF, inversed posterior slope of the tibial 
plateau and distraction rupture of the posterior cortex are observed 
on the lateral view of X-ray image
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incidence rates of anterior cruciate ligament (ALC) and 
posterior cruciate ligament (PCL) in the non-HBTPF 
group and the HBTPF group were 41.2 and 23.5 %, 
respectively. In a cadaveric study, Kennedy found that the 
ACL was torn first during knee hyperextension, then the 
posterior capsule and PCL ruptured after 30 degrees of 
hyperextension, the artery after 50 degrees. In another 
cadaveric study of knee hyperextension [14], Schenck 
et al. showed that the fast loading rate of knee hyperex-
tension resulted in PCL avulsions, whereas a slow load-
ing rate resulted in tears in the intermediate region of the 
PCL, and that the ACL was less sensitive to the loading 
rate than the PCL [15]. Norwood et al. reported an inci-
dent in which the knee was forced into hyperextension, 
the ACL failure was induced initially by the compres-
sion of the intercondylar shelf, and no disruption of the 
PCL was observed until all of the ACL bundles had failed 
[16]. We thus presume that the discrepancy between the 
cadaveric study and this study was due the difference in 
circumstances. In the cadaveric study, the loading rate, 
direction, and point of force were all fixed throughout the 
trials, while in real life, traffic accidents occur randomly; 
the loading rate, direction, and point of force are neither 
fixed nor kept the same from crash to crash. It is very 
difficult to find two traffic accidents identical in these 
aspects.

To mimic a real-life traffic accident and elucidate the 
pattern of hyperextension tibial plateau fracture and 
cruciate ligament injury, Chiba et al. suggested that with 
ipsilateral feet fixed on the ground, forward inertia and 
direct impact on the tibia or femur determined the injury 
pattern under standard procedures [13]. The posterolat-
eral complex (PLC) is an important stabilizing structure 

of the knee joint, including the lateral collateral ligament, 
the arcuate ligament, the biceps femoris tendon, the pop-
liteus muscle and tendon, and the fabellofibular ligament. 
Several studies have reported anterior tibial plateau frac-
tures with PLC injuries, which usually require repair [11–
13]. In this study, the PLC injury rate was similar between 
the two groups, and no complete rupture of other struc-
tures was found in the posterolateral complex in addition 
to complete LCL rupture. However, anteromedial tibial 
plateau compression fractures were often accompanied 
by a complete rupture of two or more structures in the 
PLC. Perhaps the lateral condylar fracture counteracts 
the entire PLC rupture during the bicondylar fractures, 
while the hyperextension varus fractures on its own is 
a diagonal injury. Tomás-Hernández et  al. found that 
small fractures of the anteromedial margin were strongly 
associated with PCL rupture, whereas the PCL usually 
remained intact when large fractures occurred. Further-
more, they noted that when the mechanism of hyperex-
tension and forced varus occurred while the PCL was 
preserved, the impact was generated in the weight-bear-
ing area, leading to anteromedial tibial plateau fracture 
with large anterior bone fragments. When the PCL was 
breached, the tibia suffered posterior translation, reduc-
ing the impact on the anteromedial weight-bearing area, 
and producing only a small marginal avulsion [11]. A 
Segond fracture is usually the result of internal rotation 
of the knee and varus stress with a motion that creates 
abnormal tension in the central part of the lateral capsu-
lar ligament, often leading to an ACL rupture [17]. How-
ever, in our study, only one ACL rupture was found in 
HBTPF group. It is possible that the energy of the injury 
was absorbed by the tibial plateau rather than by the cru-
ciate ligament, resulting in fracture rather than ligament 
rupture.

Arterial injuries are serious limb-threatening injuries 
during knee injuries, especially in tibial plateau frac-
tures. The annual incidence of popliteal artery trauma 
was reported to be 2.46 in a population of 10,000 [18]. 
Tibial plateau fractures have the highest proportion of 
vascular complications, indicating that immediate thera-
peutic measures should be taken, while the incidence 
of popliteal artery injury is even higher in knee hyper-
extension injuries than that in common injuries [19]. 
Firoozadbadi et al. reported a 12 % incidence of popliteal 
artery disruption requiring repair in the hyperexten-
sion group compared with 1 % in the control group [6]. 
In our study, popliteal artery injury occurred in 29.4 % of 
patients in the HBTPF group and 4.76 % of patients in the 
non-HBTPF group. Although the incidence of popliteal 
artery injury in this study was lower than that reported 
by Firoozadbadi, the difference between HBPTF and 
non-HBPTF was statistically significant. Popliteal artery 

Table 2  Clinical treatments and outcomes of the patients

Data were expressed as mean ± SD or frequency (%), HSS hospital for special 
surgery

Variable HBTPF (n = 17) BTPF (n = 43) p-value

Preoperative primary treat-
ment

0.550

 None 5(29.4) 13 (30.2)

 Calcaneal traction 9 (52.9) 28 (65.1)

 External fixator 2 (11.8) 2 (4.7)

Incision complication

 Superficial 0 3 (7.0)

 Deep 0 1 (2.3)

 Sinus tract 0 1 (2.3)

 Deep vein thrombosis 10 (58.8) 19 (44.2) 0.394

 Fracture healing time 
(weeks)

14.1 ± 1.9 13.8 ± 1.8 0.621

 Range of motion (°) 120.2 ± 4.6 124.5 ± 7.1 0.041

 HSS score 86.9 ± 2.5 89.3 ± 3.5 0.018
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injury during knee injury may result from the compres-
sion of the fractured fragments, direct blunt injury, and 
distraction injury. The distraction injury may develop 
into extensive vascular endothelial damage, which leads 
to vascular inactivity. It is worth noting that HBTPF is 
associated with a higher risk of popliteal artery injury. 
In this study, no patient in the HBTPF group was ampu-
tated, while one in the control group was amputated 
due to failure in popliteal artery repair. The restoration 
of the repaired artery depends on many factors, such as 
the condition of the vascular bed, the degree of vascular 
injury, and the duration of distal limb ischemia collateral 
circulation.

A noteworthy feature of HBTPF is that small bone 
chips were frequently observed at the anterior margin 
of the tibia on the lateral plain film. Segond fracture also 
occurs at the tibial insertion site of the anterolateral liga-
ment. Therefore, there is a very low chance of generating 
any small bone chips on the lateral plain film. Thus, the 
small bone fragments observed in our study differ from 
the Segond fractures. Chiba et al. suggested that the small 
chips were due to the compression of the femoral condyle 
during knee hyperextension and varus [13]. However, in 
this study, only 7 out of 16 patients with small bone chips 
in the HBTPF group showed evidence of femoral con-
dyle injury. We speculate that the small bone chips were 
from two sources. One is the compression of the femo-
ral condyle, in which case, the small bone chips coexist 
with the femoral condyle injury. Another is that the small 
bone chips detached from the anterior proximal tibia 
when the elastic articular cartilage impinges on the hard-
tibial tubercle. This may explain why only seven patients 
showed signs of damage to the femoral condyle.

For the treatment of HBPF, conservative treatment 
may have a poor prognosis due to compression frac-
tures, reversed joint, and extensive soft tissue damage. 
Therefore, surgical treatment of HBPF is recommended. 
However, reported surgical results are poor. Firoozab-
adi et  al. reported 25 cases of surgical treatment of 
varus HBTPF with a high incidence of associated inju-
ries, compartment syndrome, and neurovascular inju-
ries with complications including one nonunion of total 
knee arthroplasty, two wound infections, one wound 
dehiscence, one hematoma requiring debridement, 
two radiographic medial arthropathies, one deep vein 
thrombosis, and one removal of symptomatic internal 
fixation [6]. However, they did not report the functional 
outcome scores. Gonzalez et  al. reported that patients 
with hyperextension bicondylar fracture had worse 
knee function compared with the controls [2], similar 
to the results obtained by Wu et al., who suggested that 
more extensive damage to knee ligaments and soft tis-
sue may account for the poor outcome of the HBTPF 

because more scars during the healing process could 
limit the flexion and extension of the knee joint [20]. In 
our study, the values of the range of motion and HSS 
scores indicated that the knee function of the HBTPF 
group was inferior than that of the non-HBTPF group.

This study has several limitations. First, the small 
sample size and single-center study cannot objectively 
represent the general treatment outcomes of the hyper-
extension fractures. Furthermore, patients requiring 
amputation in emergencies were excluded. Therefore, 
the true incidence rate of the artery and nerve injury 
was not obtained. Due to a short follow-up time, sec-
ondary osteoarthrosis (OA) and long-term treatment 
results remain unknown.

Conclusions
Compared to non-HBTPF, HBTPF was less common 
and usually associated with more arterial injuries. 
Small bone chips were frequently observed at the ante-
rior margin of the proximal tibia, which could be one 
of the features of HBPTF. Even after surgical interven-
tion, the prognosis of HBTPF was worse than that of 
non-HBPTF.
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