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INTRODUCTION:  Traumatic  uncontained  bone  defect  in  the  knee  joint  is  one  of the  most  serious  knee
injuries.  As  the knee  joint  is  the  main  weight-bearing  joint  of the  body,  the problem  of weight  load-
ing  should  be  addressed  while  restoring  the bone  defect.  However,  no consensus  exists  regarding  the
treatment  of this  injury.
PRESENTATION  OF  CASE:  Two  patients  in  separate  cases  initially  sustained  traumatic  uncontained  proxi-
mal  tibial  bone  defects  secondary  to passenger  traffic  accidents.  After  recovery  from  the  initial  trauma,
these  patients  underwent  medial  opening  wedge  high  tibial  osteotomy  (MOWHTO)  and  femoral  head
allograft  augmentation  simultaneously.
DISCUSSION:  Treatment  of  traumatic  uncontained  bone  defect  in  the  knee  joint  should  be considered
igh tibial osteotomy
ase report

separately  as tumorous  or  osteoarthritic  bone  defects.  Especially,  the  effects  of the  defective  supporting
soft  tissue  structures  should  be  considered.
CONCLUSION:  We  considered  that  MOWHTO  was  capable  of  solving  problems  of  both  bone  stock  restora-
tion  and  weight  loading.  After  the  operation,  the  patients’  knee  joint  pain  was  relieved  and  stable
ambulation  was  possible.

©  2017  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
he CC
access  article  under  t

. Introduction

Surgeons may  encounter various knee injuries with high sever-
ty. Among them, total loss of the articulating bone in the knee
oint is catastrophic; one cannot stand upright on the defective knee
oint, and normal knee joint range of motion becomes impossible.
n this injury, the problem of weight loading should be addressed

hile treating bone loss that occurred adjacent to the knee joint
ecause the knee joint is a major weight-bearing joint of the body.
egardless of bone stock recovery, the injured knee joint is at risk of
eveloping posttraumatic arthritis [1]. We  considered that medial
pening wedge high tibial osteotomy (MOWHTO) was capable of
reating the problem of both bone stock restoration and weight
oading. MOWHTO is a common joint-sparing surgical technique

ith numerous good to excellent result reports [2–4]. Here, we
eport two cases which were treated using MOWHTO with femoral
ead allograft for the traumatic medial tibial plateau bone defect
nd varus deformity. The patients were operated and followed in

niversity hospital setting. The work has been reported in line with
he SCARE criteria [5].

∗ Corresponding author at: Department of Orthopaedic Surgery, Pusan National
niversity Hospital,179 Gudeok-ro, Seo-gu, Busan 602-739, Republic of Korea.

E-mail addresses: rheefury@naver.com, rheefury@gmail.com (S.J. Rhee).

ttps://doi.org/10.1016/j.ijscr.2017.10.020
210-2612/© 2017 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing G
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

2. Presentation of cases

2.1. Case 1

A 57-year-old male patient, who was  injured in the medial
aspect of his left knee joint 22 months ago in a passenger traffic
accident, visited an outpatient clinic. The patient was otherwise
healthy before the accident. On admission, he was suspected to
have sustained Gustilo–Anderson type 3B open fracture [6] with AO
41-B1 fracture based on the photographic and radiographic docu-
mentation of the initial injury (Fig. 1A and B). It was  suspected that
the bone fragment could not be salvaged because of severe com-
minution and contamination. The medial aspect of the patient’s left
knee was  healed with large partial-thickness skin graft upon pre-
sentation to our clinic. The chief complaint was  persistent global
pain in the left knee, which was  aggravated by weight-bearing
activities. Resting pain was  9 in the visual analog scale (VAS) [7].
The bone defect in the medial tibial plateau was visible in the
plain radiograph. The defective area was approximately 15% of the
medial tibial plateau articular surface in three-dimensional com-
puted tomography (3D CT) measurement using picture archiving

and communication system (PACS) region-of-interest (ROI)-curved
function in Maroview ver. 5.3 PACS (MAROTECH, Republic of Korea)
(Fig. 2). His left lower extremity mechanical alignment showed a 2◦

varus deformity in the long-standing anteroposterior radiograph.
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ig. 1. Case 1: (A) The patient presented highly contaminated Gustilo-Anderson t
efect secondary to AO 41-B1 fracture and proximal fibular fracture were observed

is knee joint range of motion was limited to only 85◦ flexion
rom a 5◦ flexion contracture (Fig. 3). In the stress radiograph, the
eft knee showed grade 1 valgus instability. The medial meniscus,

hich was unsupported by a bony structure but surrounded by soft
issues fixed on the edge of the bone defect by a suture anchor, was
etected on magnetic resonance imaging (MRI) (Fig. 4). The anterior
nd posterior cruciate ligaments were intact on MRI.

.2. Case 2

A 19-year-old male patient who was run over by a truck 2
ears prior visited an outpatient clinic. The patient was otherwise
ealthy before the accident. At the time of his initial injury, he
ustained multiple skeletal traumas, including right femoral sub-

rochanteric fracture (AO 31-A3), left femoral shaft fracture (AO
2-A2), bilateral malleolar fracture (AO 43-B1 and 44-A1), and
evere crushing in the medial aspect of his left knee which involved
oth the medial femoral condyle (AO 33-B2) and the medial tibial
 open fracture upon initial trauma. (B) Uncontained medial proximal tibial bone
 immediate posttraumatic radiography.

plateau (AO 41-B1) (Fig. 5). The patient underwent an initial oper-
ation in the local clinic. Closed reduction of the right femur was
maintained using external fixator, and the left femur underwent
open reduction using dynamic compression plate. The anterosu-
perior half of the left medial femoral condyle and medial tibial
plateau bone were severely comminuted and contaminated during
the initial trauma, and could not be salvaged. The posteroinfe-
rior half of the left medial femoral condyle that contained most
of the articular surface could be only salvaged and fixed on the
distal femur using two  4.5-mm cannulated screws. In our clinic,
he complained of persistent pain of the left knee during weight-
bearing activities with posttraumatic varus limb alignment and
limited motion. His pain was 8 in VAS. He had a huge bone defect
in the medial tibial plateau and medial femoral condyle. His left

lower extremity mechanical alignment showed 9◦ varus deformity
in the long-standing anteroposterior radiograph because of defi-
cient medial bone support. His knee joint range of motion was
limited to 70◦ flexion from full extension. In the stress radiograph,
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Fig. 2. Case 1: Three-dimensional computed tomography s

he left knee showed grade 3 valgus instability because the initial
njury devastated the medial soft tissue structures, including the

edial collateral ligament (MCL). However, the knee was stable
gainst anterior–posterior and posterior–anterior direction stress
n physical examination. In addition, the patient did not complain
ny feeling of instability. A large area of the medial aspect of the left
nee was sunken and covered by grafted skin. Preoperative mea-
urement using PACS ROI-curved function in 3D CT revealed that
lmost 40% of the medial tibial plateau articular surface was lost,
hereas the medial femoral condyle appeared to have relatively
reserved articulating bone stock even if the bone did not seem to
ave an intact articular cartilage (Fig. 6).

. Surgical treatment

The surgical procedure was performed by an expert knee trauma
urgeon (RSJ). The approach was made through an anteromedial
ongitudinal knee incision that begins from the supracondylar level
f the femur, which is slightly anterior to that for conventional high
ibial osteotomy. Because the mangled medial soft tissue cover was

erged to the medial joint capsule, the skin incision was  extended
ntil the bone was exposed in a one-layer flap. The capsular adhe-
ion from the medial tibial bone defect crater was meticulously
issected, and the dimension of the crater was measured. In case 2,
he crater measured 6 × 3 cm in semicircular shape. Commercially
vailable �-irradiated whole femoral head allograft was transected
sing motorized sagittal saw to fit the crater dimension with ade-

uate parabolic height. The tailored allograft was temporarily fixed
n the tibia using multiple 1.6-mm Kirschner wires. The osteotomy
evel was set to 4.5 cm from the medial tibial joint line, and biplanar
steotomy was performed (Figs. 7 and 8). In case 1, the correction
g 15% defect in the medial tibial plateau articular surface.

angle was  set to 8◦ valgus correction with 8-mm posteromedial cor-
tical distraction considering the 2◦ varus malalignment. Moreover,
an osteotomy gap was left unfilled (Fig. 9). In case 2, the correction
angle was  set to 12◦ valgus correction with 12-mm posteromedial
cortical distraction considering the 9◦ varus malalignment and defi-
cient MCL  restraint. The remnant of the femoral head allograft was
inserted in the gap to support the gap and enhance the osteotomy
site union (Fig. 10A and B). The plate and screw fixation technique
should be modified from the conventional MOWHTO considering
the risk of screw penetration into the joint space. Because the unfit-
ting contour of the allograft was  pushing the proximal locking
holes of the TomoFix plate (TomoFix Osteotomy System; DePuy-
Synthes) to face upward, first, we  inserted three proximal locking
screws ahead to confer them as safe and long trajectory as possible
under the articular surface. Then, a cortical compression screw was
inserted in the most proximal hole of the four distal locking holes to
approximate the plate on the tibia and to push the allograft firmly
against the tibial crater simultaneously; this technique was based
on the well-known mechanism of precontoured locking compres-
sion plate [8]. The rest of the procedure was similar to conventional
MOWHTO.

Postoperative rehabilitation protocol was  equally applied in
both cases. Immediate quadriceps muscle strengthening exercise
was encouraged. Range of motion exercise was  begun on the third
postoperative day. Patient began crutch ambulation from the first
postoperative week and recommended to use crutches until the
second postoperative month. In their second outpatient clinic visit,

in the second postoperative month, the patients were allowed to
walk without crutches.

In case 1, the patient reported pain improvement of VAS 4 during
follow-up visit on sixth postoperative month. He could walk stably
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ig. 3. Case 1: 22 months after the trauma, the patient’s left lower extremity m
adiograph.

ithout crutches. However, unfortunately, surgical site infection
n the left knee joint occurred 1 year after the index operation.
he medial aspect of his left knee joint including the surgical site
as swollen with heat. C-reactive protein value was  greater than
 in the laboratory test. Methicillin-resistant Staphylococcus aureus
as identified in the joint fluid and wound culture. Because the

steotomy site union was evident in the radiograph, the metal plate
as removed, and the surgical site and knee joint were debrided
ical alignment showed 2◦ varus deformity in the long-standing anteroposterior

and irrigated. After 4 weeks of intravenous administration of van-
comycin, the infection was controlled and did not recur until 2 years
after the operation.

In case 2, the patient walked into the clinic with apparent val-

gus thrust gait in his third visit. MCL  brace was prescribed, and
the patient was  educated to wear the brace during ambulation and
when sleeping. Valgus thrust tendency was gradually decreased on
the next visit. In the first postoperative year visit, follow-up long-
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Fig. 4. Case 1: MR  image showing the medial meniscus covered with soft tissue fixed on the edge of the bone defect by a suture anchor.

Fig. 5. Case 2: (A) Radiographs taken immediately after the initial injury in the local clinic. The patient presented severe crushing and bone loss in the medial aspect of the
left  knee joint. (B,C) At 16 months after the initial trauma, the patient visited our clinic with 9◦ varus deformity on the left knee.
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Fig. 6. Case 2: (A–D) Three-dimensional computed tomography showing 40% defect in the medial tibial plateau articular surface, whereas the medial femoral condyle was  relatively spared.
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Fig. 7. Case 2: (A) Meticulous deep soft tissue dissection was  performed in the medial side of the left knee to expose the crater of the bone defect. (B) Horizontal dimension of the crater was 6 cm. (C) Vertical dimension of the
crater  was  3 cm.  (D) Femoral head allograft was  prepared to fit the medial bone defect. (E) Medial opening wedge high tibial osteotomy was performed with the allograft temporarily fixed in position using multiple Kirschner
wires.  (F) Remnant femoral head allograft was  inserted into the osteotomy gap, and TomoFix plate was  inserted to stabilize both the grafted proximal allograft and osteotomy site.
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Fig. 8. Case 2: Fluoroscopic images showing the operative procedure. (A) Osteotomy level was determined with allograft and TomoFix plate located in virtual position. (B) Osteotomy gap was gradually distracted using the
distractor. (C) Plate fixation was  complete with allograft augmentation on the medial tibial defect and in the osteotomy gap. (D–F) Alignment correction was  checked intraoperatively using metal rod.
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Fig. 9. Case 1: Immediate postoperative radiograph showing 6◦ valgus left lower limb alignment.

Fig. 10. Case 2: (A) Immediate postoperative radiograph. (B) Postoperative follow-up computed tomography showed considerable amount of bone stock restoration in the
medial  tibial plateau.
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Fig. 11. Case 1: At 3 years after the operation on the last follow-up visit, osteotomy site was  completely united, and the metal plate was removed.
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ig. 12. Case 2: At 3 years after the operation on the last follow-up visit, the os
vercorrection and joint line obliquity.

tanding radiograph showed 7◦ valgus alignment of the patient’s
eft lower extremity (Fig. 11). MCL  restraint deficiency was  sus-
ected, which contributed to the magnification of correction angle
s we have predicted. However, the patient reported pain improve-
ent of VAS 2, and he was satisfied with the modified left lower

imb alignment. Left knee joint range of motion was  increased to
0◦ flexion. He could walk fast and stably without MCL  brace. Valgus
hrust was completely corrected. Complete union of the osteotomy

ite was also verified in the follow-up 3D CT. Until the last follow-
p visit in the third postoperative year, the patient’s left knee was
oing well (Fig. 12).
y site was  completely united, and the patient could walk without pain despite

4. Discussion

Traumatic loss of medial tibial plateau is not well documented
although there are numerous possible causative accidents in mod-
ern societies. Most studies that have reported about medial tibial
bone defect are related to tumorous conditions and advanced-
stage osteoarthritis with varus deformity [9,10]. Osteoarticular
allograft or tumor endoprosthesis can be considered for the bone

defects after the tumor resection [9]. Broad-spectrum bone sub-
stitutes, such as bone cement, auto-/allo-bone graft, metal wedge
or block combined with total knee implant, structural bone allo-
graft, and tantalum metaphyseal cone are used in osteoarthritic
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one defect [10]. However, those treatment modalities cannot be
pplied equally to traumatic cases. In the posttraumatic medial
ibial bone defect, the remaining part of the joint is intact, and
he patient is possibly young. Tumor endoprosthesis or total knee
rthroplasty can be an overtreatment even though future devel-
pment of the posttraumatic arthritis is apparent. Despite a few
ase reports on good postoperative outcome after knee osteochon-
ral defect reconstruction using osteoarticular allograft [9,11], this
rocedure is unavailable in some countries, and finding allograft of
atching size is even more difficult, in addition to the high cost and

andling requirements. Risk of disease transmission or rejection
hould be considered. Moreover, no data regarding long-term post-
raumatic arthritis prevention effect of the osteoarticular allograft
re available. In our case, we used femoral head allograft, which has
ufficient supply.

Data regarding the favorable joint-sparing results of high tibial
steotomy has been accumulated for more than three decades in
arious mid- to longer-term studies [2–4]. Simultaneous correction
f mechanical alignment and unloading of the arthritic compart-
ent of the joint is a major goal of high tibial osteotomy [3,4,12].

n the presented cases with traumatic medial tibial plateau defect,
OWHTO was preferred over allograft bone augmentation. Con-

idering that no treatment is available to restore the normal joint
f this patient, and eventual posttraumatic arthritis is inevitable,
he goal of our surgical treatment is medial compartment unload-
ng and medial bone stock restoration, which can favorably allow
uture arthroplasty. During the surgical procedure of MOWHTO, the
iomechanical characteristics of TomoFix plate were highly advan-
ageous in these cases. Lag screw insertion into the hole just distal
o the osteotomy conferred compressive force in the proximal and
istal ends of the plate; hence, the allograft located between the
late and proximal tibia became pressurized to promote union on
he host bone [8]. In surgical planning of MOWHTO, the target lower
imb mechanical alignment is between the neutral and 3–4◦ val-
us alignment, according to the work of Fujisawa [13]. However,
n these cases, we tried valgus overcorrection past the Fujisawa
oint to achieve 6◦–8◦ valgus alignment according Mina et al. [12].
hey reported that the medial compartment contact pressure of
he knee joint was remarkably reduced at between 6◦ and 8◦ of val-
us than the neutral to under 6◦ valgus correction, and complete
nloading of the medial compartment was expected in 6◦–8◦ valgus
lignment. We  should be more cautious to avoid inadvertent over-
orrection since these patients were devoid of their normal medial
oft tissue and supporting structures. To the best of our knowledge,
o literature has reported the quantitative effect of medial collat-
ral ligament laxity on the correction angle of MOWHTO. Ogawa
t al. [14] reported that in the knees with varus laxity, soft tissue
orrection after MOWHTO increased by 0.59◦ for every 1◦ of preop-
rative varus laxity. We  applied this correlation similarly to valgus
axity and adjusted the combined amount of bony correction and
redicted soft tissue correction to accomplish the target correction.
oreover, tenting and tensioning of the medial soft tissue caused

y the increased medial proximal tibial volume, owing to the allo-
raft and TomoFix plate, were expected to neutralize the ligament
nsufficiency. As seen in case 1, infection risk exists in these highly
raumatized cases. We  should be cautious about possible superfi-
ial and deep infections related to poor soft tissue coverage and
one defect; they are susceptible to disease transmission because
f poorly sterilized allograft. In addition, MOWHTO is reported to
ear considerable superficial and deep infection rate [15].
. Conclusion

We  considered that MOWHTO with allograft augmentation is
dvantageous for the treatment of traumatic medial tibial bone
PEN  ACCESS
rgery Case Reports 41 (2017) 134–145

defect in terms of pain relief, bone stock restoration, and posttrau-
matic osteoarthritis prevention. However, operators should pay
particular attention to prevent inadvertent overcorrection because
of deficient medial soft tissue restraint and should be cautious
about infection-prone situation related to poor medial soft tissue
cover.
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