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Background: Bicondylar tibial plateau fractures have been treated with either plating or external fixation techniques, with
conflicting results. A recently introduced technique involving the combined use of intramedullary nailing via a suprapatellar
approach and condylar bolts could represent a new pathway toward better treatment of this severe injury.

Methods: The present report describes a retrospective and prospective study of all 17 patients (age range, 25 to 75
years) who were admitted under the author’s care for the treatment of a closed, bicondylar tibial plateau fracture between
2013 and 2015. All patients consented to undergo fixation of the fracture with intramedullary nailing through a supra-
patellar approach and with use of condylar bolts. The reconstructed articular surface was supported with freeze-dried
allograft that had been previously soaked in concentrated bone marrow. The patients were followed at regular intervals,
and the results were assessed with the Knee injury and Osteoarthritis Outcome Score (KOOS).

Results: All patients were followed for at least 1 year (average and standard deviation, 25.23 ± 8.95 months; range,
12 to 46 months). All fractures united clinically and radiographically between 10 and 22 weeks (average, 15.1 ± 2.91
weeks), with no instances of neurovascular complication, infection, or implant failure. One patient underwent early
revision of the fixation because of unsatisfactory reduction of the articular surface, and 1 patient had secondary
fracture displacement. One condylar bolt was removed after fracture healing because of irritation at the insertion site.
However, all patients regained knee motion without physiotherapy and all were fully weight-bearing by the fifth post-
operative month.

Conclusions: The short and intermediate-term results associated with the use of the proposed technique appear to be
satisfactory. However, the effectiveness of the technique should be reassessed with long-term studies as well as
comparative studies involving other fixation techniques.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

A
bicondylar fracture of the tibial plateau (AO/OTA type
41C or Schatzker types V and VI)1,2 is a severe injury of
the knee joint. Internal fixation with open or minimally

invasive plating techniques and circular or hybrid external
fixation constructs have been used for the treatment of this
injury, with conflicting results3-11.

Efforts to improve the existing implants and techniques
and/or to find new options that could offer better outcomes

while reducing the morbidity and complication rates have been
ongoing for years. A novel surgical technique involving the use
of intramedullary nailing and condylar bolts has been proposed
and biomechanically tested12-16.

The present report describes the short and intermediate-
term results of treatment of bicondylar tibial plateau fractures
with use of this new technique. The limitations and potential
benefits of the technique are also discussed.
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Materials and Methods
Surgical Technique

Detailed preoperative planning with use of anteroposterior and lateral
radiographs and computed tomography (CT) scans of the knee joint is

essential in any case of tibial plateau fracture (Fig. 1).
The patient is positioned on the operating table in the supine position,

with a noninflated tourniquet at the thigh of the injured limb, gentle traction on

the foot, and the knee joint in about 10� to 20� of flexion, with the other lower

limb flexed and abducted (Fig. 2). After preparation and dressing of the injured

limb, the area between the distal part of the femur and the ankle joint should be

freely accessible. The metaphyseal-diaphyseal fractured area is usually satis-

factorily reduced via traction with ligamentotaxis while a non-impacted ar-

ticular surface can be reduced percutaneously with the use of a pelvic clamp. If

there is articular impaction, the depressed articular surface can be elevated and

restored with a lever under image-intensifier control (Fig. 3) through a cortical

window (which usually has already been formed as a result of the fracture).

Bone graft is then inserted to support the restored articular surface; freeze-dried

cancellous allograft that has been soaked in concentrated bone marrow is
preferred

17
. A condylar bolt is then inserted frommedial to lateral, 0.5 to 1.0 cm

distal to the articular surface in the coronal plane and at the posterior half of the
tibial plateau in the sagittal plane. In cases associated with extensive articular
involvement, an additional condylar bolt can be used (Fig. 4). The bolt or bolts
should support adequately sized posteromedial or posterolateral fragments,
and care should be taken not to squeeze the tibial plateau. Intramedullary
nailing is then performed through a suprapatellar approach to fix the non-
articular fracture of the proximal part of the tibia and to provide additional
support to the articular surface. The entry portal for the intramedullary nail
should be as proximal as possible at the anterior corner of the tibial plateau.
Marked displacement or angulation at the metaphyseal area can be addressed
with blocking or free lag screws (Fig. 5).

Motion of the knee joint and non-weight-bearing walking with crutches
are initiated 48 to 72 hours after the operation. In cases of severely comminuted
or osteoporotic fractures, a removable knee splint that allows full flexion and
extension of the knee joint is provided for 4 to 6 weeks. Progression of weight-
bearing depends on fracture severity and comminution. However, in general,

Fig. 1

Figs. 1 and3 through7Case17. Figs 1-A through1-DPreoperative anteroposterior and lateral radiographs (Figs. 1-A and1-B) andCT scans (Figs. 1-C and

1-D) showing a complex biocondylar tibial plateau fracture with substantial articular impaction.

Fig. 2

Photograph showing the positioning of the patient for the fixation of a bicondylar tibial plateau fracture.
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partial weight-bearing starts at 6 weeks postoperatively and full weight-bearing
starts at 10 to 12 weeks.

Study Group
The present report describes a retrospective and prospective study that in-
cluded all 17 patients (average age, 45.9 years; range, 25 to 75 years ) who
were admitted under the author’s care for the treatment of a closed, bi-
condylar fracture of the tibial plateau from February 2013 to December 2015
(Table I). All patients consented to undergo fixation of the fracture with
intramedullary nailing and condylar bolts and, in cases of impacted fractures,
to undergo percutaneous aspiration of bone marrow from the iliac wing at
the beginning of the operation. The fractures were classified according to the
3 most popular classification systems: AO/OTA

1
, Schatzker

2
, and Luo

18

(Table I).
The operation was performed 3 to 18 days after the accident; the length

of this interval depended predominantly on the severity of concomitant injuries
and comorbidities and less on the local soft-tissue condition as the main in-
cisions for the surgical procedure were away from the area where blisters or

edema usually occur. The T2 tibial nail (Stryker) and condylar bolts (Stryker)
were used in all cases.

Postoperatively, all patients started knee motion as pain allowed and
remained non-weight-bearing for 6 weeks. Patients over the age of 60 years and
those with complex fractures were provided with a removable hinged splint that
could allow unrestricted range of knee motion for a period of 4 to 6 weeks.

Results

The mean operative time (and standard deviation) was
107.7 ± 18.63 minutes (range, 80 to 150 minutes). There

were no intraoperative problems, and no patient received a
blood transfusion during or after the operation. There were no
instances of neurovascular complications, infection, or implant
failure. Apart from the 3 patients who had complications
(described below), all other patients regained extension and
flexion of the knee joint by the second follow-up appointment
at the outpatient clinic at 8 to 10 weeks postoperatively. All

Fig. 3

Figs. 3-A, 3-B, and 3-C Intraoperative radiographs. Fig. 3-A Anteroposterior radiograph showing elevation of the depressed articular surface with use of a

lever that has been introduced via a lateral cortical windowwithout opening the knee joint. Figs. 3-B and 3-C Anteroposterior (Fig. 3-B) and lateral (Fig. 3-C)

radiographs made after the completion of the articular cartilage elevation.

Fig. 4

Figs. 4-A and 4-B Intraoperative anteroposterior (Fig. 4-A) and lateral (Fig. 4-B) radiographs made after the insertion of 2 compression bolts. The lateral

radiograph also shows the entry point for the intramedullary nail. The fractured anterior metaphyseal area was treated with moderate release of the

calcaneal traction and 2 anteroposterior free lag screws at a later stage as shown in Figure 5.
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fractures healed clinically and radiographically by a mean of
15.1 ± 2.91 weeks (range, 10 to 22 weeks) postoperatively. The
restoration of the articular surface and the alignment of the

tibia were assessed with postoperative anteroposterior and
lateral radiographs of the knee joint and the tibia (from the
knee to the ankle). Apart from the case of 1 patient (Case 10),

Fig. 5

Figs. 5-A and 5-B Intraoperative anteroposterior radiographs showing substantial metaphyseal displacement, which was treated with an anteroposterior

blocking screw. Fig. 5-C Fixation of the fractured anterior metaphyseal area was achieved with 2 free lag screws.

TABLE I Demographics Data and Results*

Sex,
Age (yr)

Type
of

Injury

Classification
Operative
Time (min)

Time to
Initiation of
PWB (wk)

Time to
Healing/
FWB (wk)

Knee
Range of
Motion
Achieved

KOOS
(points)

Duration of
Follow-up (mo)

Problems/
ComplicationsCase AO1 Schatzker2 Luo18

1 M, 75 RTA C2 VI 3 125 8 16 0� to 140� 100 46

2 F, 70 RTA C1 V 3 110 10 15 0� to 125� 97.6 38

3 M, 35 RTA C3 VI 3 100 10 16 0� to 135� 100 35

4 M, 25 RTA C1 VI 2 L1P 105 6 10 0� to 125� 100 33

5 M, 32 RTA C1 VI 2 L1P 85 8 12 0� to 140� 100 29

6 M, 30 RTA C1 VI 3 90 8 14 0� to 135� 100 28

7 M, 28 RTA C1 VI 1 L1P 80 6 10 0� to 135� 100 26

8 M, 50 RTA C3 VI 3 115 10 18 0� to 115� 85.7 26 Refixation due to
unsatisfactory
reduction of the
articular surface

9 M, 46 RTA C2 VI 2 L1P 105 8 16 0� to 125� 96.4 24

10 M, 37 RTA C2 V 3 120 10 16 0� to 115� 93.2 23 Secondary
displacement

11 M, 34 RTA C1 VI 2 L1P 135 10 22 0� to 110� 83.4 21 Patellar tendinitis,
bolt removal due to
irritation

12 F, 67 RTA C1 VI 2 L1P 85 10 14 0� to 140� 100 21

13 M, 47 RTA C3 VI 3 105 10 16 0� to 135� 91.6 18

14 M, 32 RTA C1 VI 2 L1P 95 8 14 0� to 140� 96.4 17

15 F, 58 RTA C3 VI 2 L1P 105 10 14 0� to 125� 97.6 17

16 F, 64 RTA C1 VI 3 120 10 16 0� to 140� 95.4 15

17 M, 51 RTA C3 VI 3 150 14 18 0� to 130� 90.8 12

Mean 45.9 107.7 9.18 15.1 0� to 130� 95.8 25.2

SD 16.06 18.63 1.87 2.91 9.84� 5.22 8.95

*PWB = partial weight-bearing, FWB = full weight-bearing, KOOS = Knee injury and Osteoarthritis Outcome Score (possible range, 0 to 100 points), RTA = road-traffic
accident, L = lateral, P = posterior, and SD = standard deviation.
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radiographs did not reveal loss of reduction in any of the other
patients (Fig. 6). In 1 case, a detailed assessment of the quality
of the articular restoration was performed with use of post-
operative CT scanning, with the patient’s consent (Fig. 7).

The patients were followed clinically and radiographi-
cally at 4 to 6-week intervals until fracture union and full
mobilization and were re-examined at 6, 12, and 24 months
thereafter. The mean duration of follow-up was 25.2 ± 8.95
months (range, 12 to 46months). Themean range of motion of
the knee joint at the time of the latest follow-up was 130� ±
9.84� (range, 110� to 140�).

In 1 patient (Case 8), refixation of the fracture was
necessary because of unsatisfactory reduction of the articular
surface, as shown on radiographs made 5 days after the initial
operation (Table I). In another patient (Case 11), the condylar
bolt was removed 1 year after fixation because of irritation at
the posteromedial insertion site (Table I). The same patient had

development of patellar tendinitis, Achilles tendinitis, and
tenderness alongside the peroneal tendons of the ipsilateral leg
when he started partial weight-bearing. These symptoms re-
solved 2 months later with physiotherapy treatment. In a third
patient (Case 10), secondary displacement in the form of
translation and varus angulation (10�) of the metaphyseal
fractured area was noticed after the patient tried to bear weight
early on his own initiative (Table I). All other patients regained
extension and flexion of the knee joint by the second follow-up
appointment at the outpatient clinic (8 to 10 weeks after sur-
gery). Toe-touch to partial weight-bearing was allowed from
the sixth to the fourteenth postoperative week, depending on
the fracture pattern and the age of the patient. All patients were
fully weight-bearing by the fifth postoperative month.

Function was assessed with use of the Knee injury and
Osteoarthritis Outcome Score (KOOS)19. The mean score at the
time of the latest follow-up was 95.8 ± 5.22 points (range, 83.4

Fig. 6

Figs. 6-A through 6-F Images made at the time of the latest follow-up. Figs. 6-A and 6-B Anteroposterior (Fig. 6-A) and lateral (Fig. 6-B) radiographs of the

knee joint. Figs. 6-C and6-D Anteroposterior (Fig. 6-C) and lateral (Fig. 6-D) radiographs showing the entire tibia. Figs. 6-E and 6-F Photographs of the lower

extremity, showing the restoration of the anatomy and the function of the knee joint as well as the minimal invasiveness of the technique.

Fig. 7

Figs. 7-A through7-D Postoperative CT scans showing almost anatomical reduction of the articular surface of the tibial plateau as shown on the transverse

(Fig. 7-A), coronal (Figs. 7-B and 7-C) and sagittal (Fig. 7-D) views.
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to 100 points). At the time of the latest follow-up, all patients
had resumed their preinjury activities and, apart from the
patient who underwent removal of the compression bolt be-
cause of irritation on the medial site of the knee, no patient had
removal of the internal fixation after fracture union.

Discussion

While it is generally accepted that bicondylar fractures of
the tibial plateau should be operatively treated in order

to minimize the risks of stiffness, deformity, and arthritis of the
knee joint, there is no consensus about the optimal surgical
technique10,20-22.

Conventional open reduction and internal fixation with
dual plating has produced conflicting results as the extensive
soft-tissue stripping can create problems that overshadow the
benefits of satisfactory reduction of the articular surface and
early mobilization of the knee joint5,23,24. The initial enthusiasm
created by the introduction of minimally invasive plate osteo-
synthesis (MIPO) with locking plates was replaced by skepti-
cism because of the high rates of complications such as deep
infection (up to 18%), poor fracture reduction (up to 23%), the
need for implant removal (up to 30%), and irritation at the
implant site (up to 12%)8,9,25-28. In addition, clinical and bio-
mechanical studies have shown that osteosynthesis with 1 lateral
locking plate is not superior to the conventional double-plating
technique, whereas removal of a locking plate and screws,
whenever needed, always could be problematic16,29-31. Finally,
lateral and/or medial incisions, bulky metalwork and its re-
moval, and a substantial infection rate could create problems
with wound-healing following a total knee arthroplasty proce-
dure in the future32,33.

External fixators in the form of circular frames or hybrid
constructs also have been used for the definitive treatment of
bicondylar fractures of the tibial plateau5,34,35. However, patients
do not tolerate bulky external devices that can interfere ad-
versely with the mobilization of the knee and the rehabilitation
program. Furthermore, fixators require continuous pin-track
care and are associated with additional concerns related to the
approximation of the wires to the knee joint, while loss of
reduction and fracture malunion are not infrequent problems
in patients with osteoporotic fractures36-38.

Combined use of intramedullary nailing and condylar
bolts for the treatment of bicondylar tibial plateau fractures
without severe articular depression has been described in 2
previous studies12,13. Intramedullary implants, being load-
sharing devices, distribute axial forces evenly and allow early
mobilization and weight-bearing, an important consideration
especially for older patients. Furthermore, the infection rate
after nailing is lower than that after plating or external fixa-
tion39. In the event of an open fracture, intramedullary nailing
facilitates soft-tissue care better than a plate or a circular frame
does. Finally, removal of an intramedullary nail and the con-
dylar bolt is usually a straightforward procedure.

The initial suspicion that 3 proximal screws may not
support the fractured articular surface adequately was not
confirmed as there was no instance of articular displacement or

collapse. Nevertheless, it seems that the condylar bolts, apart
from reducing the articular surface and enhancing the fixation,
act as a supportive adjunct for the articular surface. The T2 tibial
nail (Stryker) that was used in all cases provided a very proximal
bend and 3 proximal divergent screws for supporting the tibial
plateau. However, a dedicated nail with more proximal locking
screws that should be configured for supporting the restored
tibial plateau, at the nearest distance to the proximal end of the
nail, would have been a desirable design adjunct.

The patient’s positioning on the operating table for the
suprapatellar approach not only enables closed reduction of the
extra-articular part of the fracture (via traction) but also fa-
cilitates undisturbed and reproducible anteroposterior and
lateral radiographs of the knee joint with the image intensifier
during the operation. It also allows uneventful insertion of the
nail through the fracture site at the proximal part of the tibia
without displacing the fracture12. The suprapatellar (or retro-
patellar) nailing technique has been described recently as an
alternative approach for the treatment of extra-articular
proximal and diaphyseal tibial fractures40-44. Although it has
been noted that there may be a substantive risk of damage to
the articular cartilage of both the femoral condyles and the
patella, the menisci, and the intermeniscal ligament, it has been
acknowledged that the suprapatellar approach facilitates a
correct starting point for the insertion of the tibial nail. In
addition, with the suprapatellar approach, the patellar tendon
is not under tension and therefore does not apply distractive
forces that could further displace the fracture site anteriorly.
With regard to the patellofemoral joint, Eastman et al. reported
that no visual damage of the articular cartilage was observed in
cadaveric knees following the insertion of a tibial nail through a
retropatellar portal with the use of protective sleeves and
careful surgical technique41. However, long-term studies of
patients who have undergone intramedullary nailing with the
suprapatellar technique may or may not confirm the initial
observations regarding this technique.

Of the 3 studies that have confirmed the biomechanical
advantages of the proposed technique, 2 investigated proximal
tibial fractures with a metaphyseal-diaphyseal gap14,15, whereas
the third16, with the participation of the author of the present
study, involved the fixation technique described in the current
report. The models in the third study were commercially pre-
pared plastic bones with fracture planes that could be reduced
with excellent contact; these models lacked articular or
fracture-plane impaction or comminution. Because the frac-
ture planes were sagittally or parasagittally oriented, such that
transverse-locking bolts would be approximately perpendicu-
lar to the fracture plane, it would seem that similar bicondylar
fractures in the clinical scenario might be associated with
greater comminution, lower bone density, more impaction,
and/or less-favorable fracture-plane location and orientation.
However, it should be mentioned that the plastic models that
were used in that study had biomechanical properties similar to
good-quality cadaveric bones. The fracture pattern was selected
to resemble a Schatzker type-VI fracture without articular
depression, as at that time only fractures without articular
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depression were selected for treatment with suprapatellar
nailing and condylar bolts. Following the favorable results of
that biomechanical study and the encouraging outcomes for
patients with non-impacted fractures, it was decided to expand
the indications for the use of the proposed technique to all
complex bicondylar fractures of the tibial plateau, regardless of
the existence of articular depression.

One limitation of the present study is that the quality of
reduction of the articular surfaces and tibial alignment were
evaluated by means of visual assessment of intraoperative and
postoperative radiographs. As inadequate articular restoration
and malalignment can compromise function and long-term
outcomes, measuring and correcting these parameters, pre-
dominantly intraoperatively, might be considered as future re-
search for achieving better results45. Other limitations of the
present study include the unblinded analysis of the results, the
absence of a comparison group of patients managed with a
traditional operative technique, and the relatively short duration
of follow-up. Large studies comparing this technique with other
surgical techniques over a longer period of time are needed.

The treatment of bicondylar fractures of the tibial plateau
with intramedullary nailing and a condylar bolt or bolts via the

suprapatellar approach requires good experience with intra-
medullary nailing. Therefore, adequate training is required
before the adoption of this technique.

Overview
The combined use of intramedullary nailing and a condylar
bolt (or bolts) can offer a reliable option for the treatment of
bicondylar fractures of the tibial plateau and is associated with
specific advantages. The next step is to perform clinical com-
parison studies involving other traditional fixation techniques
in order to obtain further validation and assessment of the
technique described in the present study. n

Christos Garnavos, MD, PhD1

1Orthopaedic Department, “Evangelismos” General Hospital,
Athens, Greece

E-mail address for C. Garnavos: cgarn@otenet.gr
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