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Abstract

Introduction Moore type II Entire Condyle fractures of
the tibia plateau represent a rare and highly unstable frac-
ture pattern that usually results from high impact traumas.
Specific recommendations regarding the surgical treatment
of these fractures are sparse. We present a series of Moore
type II fractures treated by open reduction and internal fixa-
tion through a direct dorsal approach.

Patients and methods Five patients (3 females, 2 males)
with Entire Condyle fractures were retrospectively ana-
lyzed after a mean follow-up period of 39 months (range
12-61 months). Patient mean age at the time of operation
was 36 years (range 2643 years). Follow-up included clin-
ical and radiological examination. Furthermore, all patient
finished a SF36 and Lysholm knee score questionnaire.
Results  Average range of motion was 127/0/1° with all
patients reaching full extension at the time of last follow
up. Patients reached a mean Lysholm score of 81.2 points
(range 61-100 points) and an average SF36 of 82.36 points
(range 53.75-98.88 points). One patient sustained deep
wound infection after elective implant removal 1 year after
the initial surgery. Overall all patients were highly satisfied
with the postoperative result.

Conclusion The direct dorsal approach to the tibial pla-
teau represents an adequate method to enable direct fracture
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exposure, open reduction, and internal fixation in posterior
shearing medial Entire Condyle fractures and is especially
valuable when also the dorso-lateral plateau is depressed.

Keywords Moore II - Dorsal approach -
Tibial plateau fractures - Entire Condyle

Introduction

Moore type II Entire Condyle fractures of the tibial plateau
represent a rare and highly unstable fracture pattern [1] that
usually results from a high impact trauma and is only
insufficiently covered by the OTA/AO- or the Schatzker
classification [2, 3]. The fracture line of this shearing frac-
ture starts in the opposite compartment of the knee and runs
below the eminentia intercondylaris across the tibial head at
a fracture angle of approximately 45° in the sagittal plane
forming a large posterior condyle fragment. The corre-
sponding collateral ligament, as well as one or both of the
cruciates, are usually avulsed or ruptured. Specific recom-
mendations regarding the surgical treatment of this fracture
type are sparse. We present a series of medial Moore type 11
fractures treated by open reduction and internal fixation
through a direct posterior approach.

Materials and methods

The presented consecutive case—control study was per-
formed with the approval of our institution’s human sub-
jects review board.

Between 2003 and 2007 five patients (3 females, 2
males) with medial Entire Condyle fractures were treated in
our department (Table 1) by one fellowship trained trauma
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Table 1 Preoperative patient data

Patient Age Gender Mech. of injury Co-injuries Time between injury
(years) and surgery (days)

1 35 Male Ski accident Avulsion fracture of the ACL 4

2 38 Female Ski accident Elongation of the MCL

3 36 Female Ski accident Avulsion fracture of the ACL 4

4 26 Female Fall from truck bed Rupture of ACL and MCL 11

5 43 Male Ski accident Avulsion fracture of the ACL and rupture of the MCL 3

surgeon. The patients were retrospectively identified by
searching our local trauma-database. The mean follow-up
period was 39 months (12-61) with no patient being lost to
follow up. Patients mean age at the time of the operation
was 36 years (26—43 years). Pre- and postoperative plain X-
rays as well as preoperative CT-scans from all patients
were obtained. Patient charts were then reviewed to deter-
mine demographic data and the mechanism of injury
including associated injuries concerning collateral and cru-
ciate ligaments and the soft tissue.

All injuries resulted from high-energy traumas including
a fall from an elevated height (1 patient), and sport related
injuries (4 patients). Compartment syndrome was not diag-
nosed in any of the cases.

Patients were asked to participate in the study by phone
and mail. Once written consent was obtained follow-up X-
rays were made. Clinical follow-up examination included
range of motion, stability of the joint and range of walking.
Patients were also asked about their satisfaction with the
postoperative results and their ability to return to their pre-
vious employment. Finally, all patients completed two vali-
dated and reliable clinical outcome measurement scores,
the SF36 general health survey [4] and the Lysholm rating
score in order to evaluate the outcome after knee ligament
injuries [5].

Radiological analysis

Radiological analysis of postoperative reduction was per-
formed by two trauma surgery residents with several years
of experience in radiological assessment of proximal tibia
fractures and not related to the initial treatment. As recom-
mended by several authors [6-8], a step or gap of less than
2 mm in the frontal or the sagittal plane was considered as a
satisfactory articular reduction. Furthermore, a proximal
medial tibial angle of 87° (£5°) and a condylar width of
less than 5 mm on the frontal plane and a posterior proxi-
mal tibial angle of 81° (£5°) on the sagittal plain was con-
sidered as a satisfying alignment. Both raters were blinded
towards the outcome of the clinical follow-up examination.
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In cases the raters were discordant on the quality of
reduction or alignment the X-rays were discussed until both
raters agreed about all points of the evaluation.

Surgical technique

The patient is placed in prone position on a radiolucent
table under general anaesthesia with the knee held in slight
flexion. Tourniquet is on the discretion of the surgeon but
has not been used in the cases presented here. A single shot
application of 2 g cefazolin is performed.

A S-shaped incision is made starting over the proximal
medial head of the gastrognemic muscle and crossing the
popliteal fossa as shown in Fig. la.

After sharp dissection of the subcutaneous tissue the
popliteal fascia is incised preserving the small saphenous
vein as well as the medial sural cunateous nerve. The
medial head of the gastrognemic muscle is then mobilized
and retracted laterally.

The oblique tendinous expansion of the semimembrano-
sus tendon is identified and retracted medially. The superior
border of the popliteal muscle is identified and the muscle
is dissected subperiostally until the posterior-medial spike
part of the fracture is exposed (Fig 1b). An arthrotomy is
performed to assess the reduction of the articular surface at
the level of the main fracture.

If a posterolateral impression zone in the remaining lat-
eral fragment is present it can be elevated with e.g. an ele-
vator through the fracture. To get access to the
posterolateral plateau flexion has to be increased and the
medial condyle fragment has to be medialized using a bone
retractor. Structural support using bone graft and maintain-
ing reduction with a k-wire are necessary before the main
posteromedial fragment is reduced under full extension.

After preliminary fixation of the fragment using k-wires
reduction is controlled by fluoroscopy in the frontal and lat-
eral view. At this point a dorsal 3.5 mm anti-gliding plate
as a buttress plate is placed to stabilize the fragment and
compression is applied by placing compression screws in
posterior—anterior direction.
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Fig 1 Direct dorsal approach to the tibia. a S-shaped incision starting over the proximal medial head of the gastrognemic muscle, b direct fracture

exposure to the dorsal tibia plateau

Avulsion fractures of the anterior cruciate ligament are
reduced in prone position under fluoroscopic control and
the eminentia intercondylaris fragment is stabilized with an
anterior—posterior lag screw depending on the fragment
type which is inserted through an anterior stab incision with
the knee in flexion. Wound closure includes repair of the
capsule and the deep fascia as well as subcutaneous and
skin closure.

Postoperative treatment

Postoperatively all patients were mobilized under 15 kg
of weightbearing for 6 weeks. A continous passive motion
device (Kinetec®) was used from the first postoperative
day onwards. In addition, active-assisted range of motion
exercises were started as soon as the wounds were sealed
and dry and a daily injection of 5,000 IU low molecular
heparin was applied to prevent deep vein thrombosis.
Radiological and clinical follow-up examinations were
conducted 6 and 12 weeks after surgery. After 12 weeks
all patients showed a good radiological fracture healing,

and as a result, were able to be mobilized under full
weight bearing.

Results

The operation was performed at an average of 4.6 days (1-
11 days) after the injury. Three patients had avulsion frac-
tures of the distal anterior cruciate ligament (ACL) which
were stabilized with anterior—posterior lag screws (Fig. 2).
In one case an arthroscopy was performed as the articular
surface could not adequately be assessed through the pos-
terior arthrotomy.

Radiological analysis showed satisfying postoperative
reduction in four cases. One patient had a step of 3 mm in
the articular joint level at the anterior—posterior X-ray indi-
cating an insufficient reduction according to our criteria.

One patient complained about chronic irritation of the
soft tissue, therefore implant removal was performed 1 year
after the primary surgery. Another patient sustained a deep
wound infection after implant removal in an external insti-
tution 1 year postoperatively. After surgical revision the
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Fig 2 Example of a Moore type
II fracture with avulsion of the
ACL (Pat. 1). a Coronary CT
view preoperative, b transversal
CT view preoperative, ¢ 3D CT
preoperative, d a—p X-ray post-
operative, e lateral X-ray postop-
erative, f a—p X-ray after

12 months, g lateral X-ray after
12 months

wound healed without complication. This patient had sus-
tained a tibia shaft fracture treated by intramedullary nail-
ing 4 years before the tibia plateau fracture. The nail had
been removed 1 year later. At the time of the last follow up
the patient complained about paresthesia at the area of the
scar tissue as well as a limited walking range of 2 km. Clin-
ical examination showed an instability of the ACL and a
valgus instability due to an elongated MCL. The patient
stated she was highly satisfied with the postoperative
results and refused to undergo further reconstructive sur-
gery.

One patient complained about a walking range limited to
2 km due to pain in the contralateral knee. At the time of
the last follow up the mean range of motion was 127/0/1°
with all patients reaching full extension (Table 2). Three of
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the five patients achieved unlimited range of walking and
showed no clinical signs of joint instability during the last
follow-up examination. At the time of the last follow up all
patients had returned to their prior employments and were
able to participate in weekly sports exercises.

The mean Lysholm score was 81.2 points (61-100
points) with the average SF36 being 82.36 points (53.75—
98.88 points) (Table 3). All patients stated they were highly
satisfied with the surgical result.

Discussion

Open reduction and internal fixation of tibial plateau
fractures can be a challenging procedure. These fractures
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Table 2 Follow-up data

Patients Follow up Postoperative Final ROM Instability Complications Revision surgery
(months) reduction (flex/ext) at follow up
1 12 Satisfying 120/0/0° None None None
2 35 Satisfying 135/0/5° None None None
3 61 Satisfying 125/0/0° None None Implant removal
4 27 Satisfying 135/0/0° Valgus Deep wound infection Implant removal
5 60 Not satisfying 120/0/0° Valgus None None
ii})vlii; Scores and daily Patients Lysholm score SF36 (mean) Employment Sports/week
at last follow up
1 68 75.88 Teacher Cycling 7h
2 95 98.88 Salesperson Flamenco dancing 2 h
3 100 93.75 Teacher Running 1 h, cycling 2 h
4 61 53.75 Truck driver Cycling 2 h
5 82 91.88 Architect Cycling 3 h

frequently result from high energy traumas, therefore sec-
ondary injuries, such as compartment syndromes, ruptured
ligaments and soft tissue defects, are common [9-11]. In
addition, infection rates between 12 and 87.5% have been
reported in the literature [6, 12, 13].

Fractures of the anterior and lateral aspect of the tibial
plateau and undisplaced posterior fragments can usually be
stabilized through a standard anterolateral approach [1, 14,
15]. In contrast, the fracture type presented in this series
represents a highly unstable injury with a large posterome-
dial condyle fragment prone to posterior shearing and the
risk of popliteal vessel injury. Operative treatment of this
type of fracture requires direct exposure and posterior stabi-
lisation [16—18].

The surgical approach used in this study is based on a
technique which was first described by Galla and Lobenhofer
[19] in the German literature and which was recommended
to perform reduction and stabilization of mono-condylar
Moore type I “medial splint” fractures. In 2007, Fakler
et al. [20]. translated this procedure into the English lan-
guage. In the experience of the authors, through the pre-
sented approach even limited access to impressions in the
postero-lateral tibial plateau can be addressed by medial
displacement of the Entire Condyle fragment.

In fracture patterns not including impressions of the lat-
eral plateau, the commonly used dorso-medial approach, as
described by Galla and Lobenhofer [19], may be sufficient
to perform open reduction and internal fixation of the Entire
Condyle fragment.

Until recently only few case reports [19, 20] about post-
operative results after the use of this approach have been
published.

In order to enable direct exposure of the posterior part of
the tibial head several other surgical approaches [16-18,
21] have been proposed. In 1968, Trickey [21] described a
technique of longitudinal splitting of the medial gastrogne-
mic muscle and the dissection of the neurovascular bundle.
In the treatment of seven Moore type I “medial splint” frac-
tures, De Boeck and Odecamp [18] described an excessive
dorsal approach to the tibia head and a detachment of the
proximal insertion of the medial gastrognemic and the
popliteus muscles. After a mean follow-up of 6.8 years an
average extension lack of 7° was observed. In 2005, Bhatta-
charyya et al. [16]. presented 13 cases of posterior shearing
fractures treated by the same technique. The postopera-
tively range of motion was limited up to 10° of flexion for
2-3 weeks.

Even though satisfying anatomic reduction could be
achieved in 10 of the 13 patients, a permanent lack of
extension was observed in six cases.

Carlson [17] presented a series of five patients with
posterior shearing bicondylar fractures of the tibial pla-
teau. Reduction and fixation was performed through a
combined dorso-medial and dorso-lateral approach. A
medial splitting of the semimembranous tendon and the
popliteus muscle as well as a lateral detachment of the
popliteal tendon became necessary. Postoperatively an
average extension deficit of 2° (range 0°-5°) was
observed. One patient developed a deep vein thrombosis
while another patient suffered from transient peroneal
nerve palsy. Compared with these data, the direct dorsal
approach as used in our series represents a soft tissue pre-
serving technique indicating a good clinical outcome at an
average follow up of 39 months.
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Partenheimer et al. [22]. reported 68 cases of patients
with bilateral tibial head fractures who were prospectively
followed over a period of 11-13 months. The patients
achieved an average Lysholm score of 87 points at the time
of the last follow up. Gerich et al. [23]. evaluated the post-
operative results of 168 patients younger than 60 years who
were treated by antero-lateral approach and fixation for tib-
ial plateau fractures. After a mean follow-up period of
4.2 years, the patients achieved an average Lysholm score
of 78.3 points. In our series the patients achieved a mean
Lysholm score of 81.2 points representing a satisfying
results compared to the data published in the literature and
especially in consideration of the complex fracture type.

Based upon published material to date, the SF36 health
survey [4] has not been used in outcome studies dealing
with fractures of the tibia plateau, therefore a direct com-
parison of our results with other outcome series is not pos-
sible at this time.

However, compared to the age and gender matched
norm values of the SF36 as published by Bullinger and Kir-
chberger [4] three of the five patients achieved a better
mean score than the corresponding healthy norm popula-
tion. Overall, our patient collective achieved a better SF36
than the healthy German total population in 2003. In con-
clusion, the patient’s subjective general health status has
not significantly been influenced by the prior injury. The
major limitations of this study are the low number of
patients and the retrospective character as well as the short
follow up which does not allow us to address posttraumatic
osteoarthritis.

In summary, open reduction and internal fixation was
adequately possible through the direct dorsal approach and
the early clinical results are promising.

The presented approach is especially valuable in cases
were also the dorso-lateral plateau is depressed. In fracture
patterns not including impressions of the lateral plateau, the
commonly used dorso-medial approach, may be sufficient
to perform open reduction and internal fixation of medial
Entire Condyle fragments.
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