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A minimally invasive plate osteosynthesis technique using a locking compression plate (LCP) has been
used widely in trauma cases. Its advantages are that the MIPO technique does not interfere with the
fracture site and thus provides improved biological healing, and that the LCP has excellent angular
stability. Its use in bone lengthening, however, has not been established. In such cases, it is desirable
to shorten the external skeletal fixation period as much as possible. Here, the MIPO technique using
an LCP was applied to femoral distraction osteogenesis in an attempt to shorten the external skeletal
fixation period. For femoral lengthening, the MIPO technique was performed in 2 stages. Orthofix
external fixators (Orthofix, England) were used to insert screws from the anterolateral side rather
than from the lateral side of the femur for bone lengthening. When sufficient callus formation was
detected postoperatively at the site of bone lengthening, and the absence of infection was ensured,
limb draping was performed, including a whole external fixator, and then the MIPO technique was
applied with an LCP.

In 3 cases (b limbs), the average duration of external skeletal fixation was 134 days, the average
external-fixation index was 24 days/cm, and the average consolidation index was 22 days/cm. The
MIPO technique using an LCP made it possible to shorten the external skeletal fixation-wearing period
in femoral lengthening.

Key words: femoral lengthening, minimally invasive plate osteosynthesis, locking compression plate, external
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B one lengthening in the lower limbs is a widely

prevalent therapy for leg-length differences and
short-limbed dwarfism. Bone lengthening is an excel-
lent method, but due to the use of external skeletal
fixation, there are cosmetic problems and a signifi-
cant burden on patients because of activities of daily
living (ADL) limitations. However, if external fix-
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ators are removed without waiting for sufficient callus
formation, there is a risk of bone fracture. It is
necessary to wear external skeletal fixations 2 to 3
times longer than the normal lengthening period (dis-
traction phase) while waiting for bone maturation
(consolidation phase). Bone lengthening during the
distraction phase is ordinarily less than 1 mm per day.
Once the biologically optimal length is achieved, it is
preferable that the consolidation phase be as short as
possible. Various attempts have been made toward
achieving this objective [1-5]. This study focuses on
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the application of the MIPO technique [6, 7], which
is performed in trauma cases for biological fixation to
femoral lengthening. There has been no prior report
of using the MIPO technique after limb lengthening.
It is possible that an LCP in the consolidation phase
can be equipped with a fixator inside the skin, rather
than the external fixator that is necessary for the
consolidation phase. This successfully shortened the
duration of external skeletal fixation. This report
describes our original surgical techniques and results
of femoral lengthening.

Materials and Methods

Patients.
1. Study group (consolidation with MIPO tech-
nique)
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The cases included 5 limbs in 3 patients, com-
prised of 4 limbs in 2 males and 1 limb in 1 female
(Table 1A). The average age of the patients at the
time of surgery was 17 years (16 to 18 years). The
underlying disease in the 4 limbs in male patients
involved short-limbed dwarfism due to achondroplasia,
and the 1 limb in the female patient involved a leg-
length difference due to Klippel-Trenaunay-Weber
syndrome. The average observation period was 1 year
and 9 months (1 to 3 years).

2. Control group (consolidation with external fix-
ator)

The cases included 8 limbs in 6 patients (Table
1B), comprised of 2 limbs in 3 males and 5 limbs in 3
females. The average age of the patients at the time
of surgery was 15 years (6 to 22 years). The underly-
ing disease in 5 limbs in 3 patients involved short-

Table 1A Patient data: lengthening with MIPO technigue and ultrasound
Distraction Distraction Waiting Duration of Deformity
Case . . . . . .
no Age Diagnosis Length period period extrenal fixation correction
' (cm) (days)(days/cm) (days) (days)(days/cm)
1 16* Achondroplasia 9.0 100 (11) 31 131 (14) —
2 16* Achondroplasia 9.0 100 (11) 31 131 (14) +
3 Klippel-Trenaunay- .
16 Weber-syndrome 5.0 50 (10) 77 127 (25)
4 18* Achondroplasia 5.0 60 (12) 80 140 (28) —
5 18* Achondroplasia 5.0 60 (12) 80 140 (28) +
*Case 1 and 2, 4 and 5 represent the same patients.
Table 1B Patient data: lengthening with external fixator and ultrasound
Distraction Distraction Duration of Deformity
Case . . ; . .
no Age Diagnosis Length period extrenal fixation correction
' (cm) (days)(days/cm) (days)(days/cm)
! 13 Metaphyseal 40 30 (8) 175 (44) -
dysplasia
2 13 Metaphyseal 40 40 (10) 195 (49) -
dysplasia
3 22 Postirauma 53 79 (10) 226 (25) —
discrepancy
4 19* Achondroplasia 9.0 90 (10) 372 (45) —
5 19* Achondroplasia 9.0 90 (10) 372 (46) —
6 14 Postlrauma 3.0 30 (10) 288 (96) —
discrepancy
7 10 Spondyloepphyseal 20 25 (12) 210 (105) n
dysplasia
8 6 Postinfection 3.0 33 (11) 240 (80) +
discrepancy

*Case 1 and 2, 4 and 5 represent the same patients.



October 2008

limbed dwarfism due to short stature (metaphyseal
dysplasia, achondroplasia, or spondyloepiphyseal
dysplasia). The remaining 3 limbs in 3 patients
involved leg-length discrepancy due to trauma or infec-
tion. The femoral lengthening and consolidation was
performed by an external fixator, and ultrasound
treatment (SAFHS® TEILJIN, Tokyo, Japan) was
concomitantly administered in all cases. The average
observation period was 3 year and 9 months (1 to 6
years).

All patients and their families were informed that
the data from their cases would be submitted for
publication and gave their consent.

Operative procedure. For distraction osteo-
genesis, unilateral long slide lengtheners (Orthofix
LRS; Orthofix, England) were used in all of the
cases. In order to perform the MIPO technique,
screws were inserted anterolaterally in advance of
attaching the external skeletal fixation for avoiding the
lateral part to insert a plate. An osteotomy was per-
formed laterally according to standard methods, and
distraction osteogenesis was performed at 1 week
after the surgery at a pace of 1 mm per day. To accel-
erate callus formation, ultrasound treatment
(SAFHS" TEIJIN, Tokyo, Japan) was concomitantly
administered in all cases. A waiting period of at least
1 month was required before the inner callus was suf-
ficiently formed after the target lengthening distance
was achieved. Clinical examinations and blood tests
were performed ensure that there were no infections
of the femur. Locking compression plates (Mathys
Medical, Bettlach, Switzerland) were used in all
cases. The locking plate was carefully bent to depend-
ing on the deformity (Fig. 1A). With the MIPO
technique, the locking plate was inserted through a
proximal skin incision and placed onto the periosteum
(Fig. 1B). Next, the external fixators were removed,
after screws were fixed into at least 2 holes in both the
proximal and distal parts (Fig. 1C). Screws pene-
trated to the bi-cortex, and ultimately, 3 screws at
distal and proximal parts were used to fix the plate.
The prognosis of one case in this series is shown in
Fig. 2. For postoperative treatment, activity was
allowed depending on the pain the next day. Weight
bearing was not limited and the patients were allowed
to walk freely without any brace, cast or crutches,
depending on their general condition.
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Fig. 1 MIPO (minimally invasive plate osteosynthesis) technique
for femoral bone lengthening.

A, plate bending for MIPO; B, plate insertion under external
fixation; C, fixed distal and proximal screws of the LCP (locking
compression plate).
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Fig. 2  The prognosis of the femoral lengthening in Case No. 3.

The external skeletal fixation lasted 147 days. The distraction length was 5cm. Hence, the external fixation index was 28 day/cm.

Results

The average lengthening distance using the new
technique was 6.6cm (5 to 9cm), the average length-
ening period was 76 days (2.5 months), and the aver-
age distraction index was 11.5 days (0.4 months/cm).
The mean duration of external fixation was 133.8
days (127 to 140 days, 4.5 months), the average
external-fixation index was 24.6 days/cm (14.1 to 28
days/cm, 0.8 months). Deformity correction was
performed for 2 limbs. There were no cases of post-
operative infection. No cases showed a change in
alignment radiologically after the conversion, so good
callus formation was achieved (Fig. 3). The plates
were removed at 1 year and 7 months after the sur-
gery in Case 1 and 2 (Table 1A). They could be
removed without widening the initial skin incision at
the time of surgery. In this case, a CT scan after the
MIPO demonstrated that the distraction-osteogenesis
site had become a marrow cavity over time and a new
cortical bone had formed (Fig. 4). For 2 limbs in 1 of
the 2 cases of achondroplasia, the patient gave up
limb lengthening at 5ecm due to the development of
thigh pain and numbness because of lumbar canal ste-
nosis. In this case, there was a marked joint contrac-
ture with 0 to 20 degrees of range of motion in both

knees. A blunt release of the femoropatellar joint and
the rectus femoris muscle was performed simultane-
ously from the distal part of the incision using the
MIPO technique. The patient recovered almost a full
range of motion in the knees within 3 months after the
conversion operation (Fig. 5).

Discussion

In femoral bone lengthening, there are 2 primary
methods using 2 different kinds of fixators: a ring-type
Ilizarov external fixator, and a single-column Orthofix
external fixator. Paley et al. [8] reported multiple
complications in bone lengthening using the Ilizarov
technique, and Grill et al. [9] reported that patients
accept Orthofix external fixators better. In our
department, distraction osteogenesis is performed
using Orthofix external fixators according to the
method by Bastiani et al. [10], except for cases with
severe deformity that require three-dimensional cor-
rection. However, long lengthening distances require
long-term use of external fixators until bone matura-
tion is complete, making either method very inconve-
nient and stressful in the patient’s daily life.

Wagner [11] reported a method of bone grafting
and plate fixation after bone lengthening using single-
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Fig. 3  The change of the femur on the radiographs before and after plating in Case No. 1.
A, 1 month before plating; B, 1 month; C, 4 months; and D, 10 months after plating; E, 19 months after plating, after implant removal.

b

/ 4
/
/

Plate e St ol

A B

Fig. 4  The change of the femur on the computed tomograms after plating in Case No. 1.
A, 3 months; B, 7 months; C, 18 months after plating.

column external fixators. However, Aaronetal. [12] plications. In the technique described herein, there
compared the Wagner technique with the Ilizarov  are some advantages over the Wagner technique. Our
technique and reported that the Wagner technique had  technique is less invasive with regard to the perios-
a longer consolidation index and multiple major com-  teum: using MIPO with an LCP, no bone graft is
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Fig. 5

Knee joint manipulation in Case No. 3.
A, surgical manipulation was performed temporally in the plating operation. (black arrow, open incision of MIPO); B, 3 months after
plating, almost full range of knee motion was recovered (black arrow, open scar of MIPO; white arrow, open external-fixator scar).

required. Furthermore, postoperative external fixa-
tion such as bracing or casting is not required because
the LCP has excellent angular stability. In fact, no
cases in this series showed a change in alignment after
conversion operations.

Paley et al. [9] compared cases in which intramed-
ullary nails were combined with external fixator in
femoral lengthening to cases using the orthodox
Ilizarov technique. They reported that the duration of
external fixation was shorter in the cases with intra-
medullary nails, and that the prevention of recurrent
fractures and early rehabilitation was possible. In
their report, the mean duration of external fixation
was 4 months, and the mean external-fixation index
was 0.7 months/cm. There were differences in the
waiting period prior to bone formation, but our cases
had similarly good results compared with the cases
using external fixators only (Table 2).

However, deep infections have been reported for
bone lengthening procedures that incorporated intra-
medullary nails [8, 10], and there is a risk of infec-
tion caused by the contamination between external
skeletal fixation screws and nails during bone length-
ening. The MIPO technique also involves a risk of
infection, but it is predicted that the risk of intramed-
ullary spreading of infections is lower than with the
use of intramedullary nails. It is possible to postpone
or skip the conversion from external fixation to inter-

nal fixation if blood tests and clinical findings indicate
an active infection. In addition, bone lengthening with
intramedullary nails may address simple lengthening,
but it is difficult to use for cases involving the correc-
tion of a severe deformity. Our technique is also
applicable to limbs that require deformity correction.
Hankemeier et al. [13] reported lower limb lengthen-
ing using extensible intramedullary nails
(Intramedullary Skeletal Kineticdistractor: ISKD,
Orthofix, England). They reported that, bone length-
ening with ISKDs was associated with less pain and
fewer complications, shorter hospital stays and good
range of motion for the joint. However, ISKDs cannot
be applied to cases having an open epiphyseal line, a
narrow and irregular medullary canal (less than
14.5mm for the femur and less than 12.5mm for the
tibia), or severe deformity. The current method is
more advantageous for diseases that cause narrow
medullary canal and complicated deformity such as
achondroplasia.

There are some potential problems with this
method in addition to the risk of infection. While the
requisite incisions are smaller, there are more of
them, and patients are exposed to increased surgical
stress because 2 additional procedures, including
implant removal, are required. There may also be
difficulty in removing the plates because of the use of
titanium material. In Cases 3 and 4, the external-
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Table 2  Comparison of the methods for femoral lengthening
H 1 H 0,
_Meaq Mean duration of Mean _ Complication (limb/(%))
distraction external fixation external fixation -
length (month) index infection knee joint fracture or
(cm) (month/cm) contracture deformity
Paley et al.
External fixation only 5.2 7.5 1.7 2 ( 6%) 3 (9%) 8 (25%)
(29 cases 32 limbs)
Intramedullary Nail 5.8 4 0.7 2 ( 6%) 1 ( 3%) 2 ( 6%)
(31 cases 32 limbs)
External fixation only 4.9 8.6 2.0 3 (38%) 3 (38%) 1 (13%)
(6 cases 8 limbs)
Locking plate 5.8 44 0.8 0 2 (40%) 0
(3 cases 5 limbs)
-216.

skeletal-fixation screws were inserted too anteriorly
on the anterolateral side, causing joint contracture.
In this series, the duration of external fixation was
decreased by conversion. However, the duration for
sufficient callus formation using this technique was
possibly longer than that of the cases treated by
external fixation only. The fixation of an LCP is
stronger than that of external fixation; callus forma-
tion may be prolonged by the rigidity of the fixation.
Conclusion. The MIPO technique using an
LCP is a useful method for shortening the external
skeletal fixation period in femoral lengthening.
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