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SUMMARY

Twenty-five patients with non union femoral diaphyseal fractures
treated with the wave plate method were retrospectively studied.
Union was achieved in 24 patients (96%) in an average time of 5.32
months, ranging from three to seven months. We observed excel-
lent and good results in 21 patients (84%) in the endpoint evalua-
tion. This treatment approach didn’t cause leg-length discrepancy.
No rotational deviations were seen. The range of motion of hips
and knees was not affected, although in four patients (16%) knee
flexion restraint was found, but previously to the wave plate treat-
ment. Two patients (8%) presented a deep infection during the
treatment with the wave plate, recurrent to previous infectious pro-

INTRODUCTION

Many surgical techniques are used for treating femoral diaphyseal
fractures in adults and they present some complications, one of
which is the pseudoarthrosis, rare in literature, which challenges
the orthopaedic doctor.

Blatter G et al.!” described, in 1990, a biomechanical study of the
wave plate and its use for the treatment of failures of synthesis
materials, delayed union and pseudoarthrosis on femoral diaphy-
seal fractures, targeting bone union. The method proposed con-
stitutes a new treatment option, being easily available, low-cost,
ratifying biological and mechanical advantages of the wave plate
when compared to traditional straight plate.

This paper is aimed to evaluate the use of the wave plate in 25
femurs (25 patients) with non-united diaphyseal fractures of the
femur and to demonstrate the efficiency of the method.

MATERIALS AND METHODS

Within the period of July 1991 to October 1998, at Hospital S&o
Paulo and in two other institutions, 25 patients with pseudoarthro-
sis have been treated by the wave plate method, where large, with
big fragments DCP (Dynamic Compression Plate) and LCDCP
(Low Contact Dynamic Compression Plate) and bicortical iliac bone
graft were used, and were prospectively followed up.

A protocol was developed in which patients had to be followed up
until the end of the studly.

cess. Loosing plate occurred in the ninth post-operative in one
patient (4%), although bone union has occurred. In another patient
(4%) the wave plate has broken within 14 months postoperatively,
leading to the replacement of the first wave plate to a new one with
subsequent union. Nevertheless, method failure was considered.
The wave plate is a treatment option for non-united femoral frac-
tures due to its biomechanical properties favoring bone union, pro-
viding stability without jeopardizing blood intake, with biological
synthesis characteristics.

Keywords: Pseudoarthrosis; Bone Plates; Femoral
fractures.

Fractures were considered as diaphyseal when located below
minor trochanter up to adductors tuberculum or condyles protu-
berance®.

The AO-ASIF Classification was adopted - (Arbeitsgemeinschaft
fur Osteosynthesefragen — Association for the Study of Internal
Fixation)® for categorizing fractures (Figure 1) and, for pseudoar-
throses, the classification recommended by Weber® was em-
ployed (Figure 2).

Inclusion criteria:

Patients experiencing femoral diaphyseal fractures treated with
compression plates and evolving with delayed union, pseudoar-
throsis or failure of synthesis material (rupture or loosening) were
included. The wave plate was prescribed when X-ray signs of
instability at fracture core were found: identification of avascular
bone, persistent core movement forming irritative callus, bone
absorption or failure of synthesis material, such as rupture, loos-
ening or plastic deformity.

Exclusion criteria:

Patients presenting with infection and those treated with intramed-
ullary nails have been excluded from study.

Data were collected for the patients, according to a numeric or-
der, name’s initials, original hospital, age, gender, affected side,
anatomical site, AO classification, date of wave plate implantation,
indication of the wave plate and union disorders (Table 1).
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From the 25 patients submit-
ted to surgery, 14 had their
right side affected (56%) and
11 the left side (44%); 21 were
closed (84%) and four open
(16%) at the acute phase. Pa-
tients’ ages ranged from 16 to
53 years old, with an average
of 26.68 years, being 19 males
(76%) and six females (24%).
Regarding fracture site, one
patient (4%) presented with a
fracture on the proximal third,
22 (88%) on the medial third,
and two (8%, at the distal third
of the affected femur.
Fractures were categorized
according to AO Classification,
with four being A2-type (16%),
two A3-type (8%), 12 B1-type
(48%), one B2-type (4%), two
B3-type (8%) and four C1-type
(16%).

Lack of support was observed
at the medial cortical in femo-
ral diaphyseal fractures in 23
patients (92%).
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An incision is performed on
the lateral surface of the thigh,
having major trochanter and
lateral femoral condyle as pa-
rameters, trying to follow the
same incision used in the first
surgery. Fascia lata is ad-
dressed through a parallel in-
cision performed at skin lev-
el, and muscle access is per-
formed according to previ-
ous surgery (trans- or retro-
vastus lateralis). Reaching to
bone plane, adherences are
detached and eventual peri-
osteal reactions are osteoto-
mized to allow for the remov-
al of initial synthesis material
positioned laterally to the
bone.

After the identification of the
pseudoarthrosis core, eventu-
al deviations are corrected and
disperiostization is performed
as minimum as possible.
Plate modeling to a wave form
is done in its medium portion,

Spongy bone graft was used
in the first surgery for fracture
stabilization with plate and
screws in 12 patients (48%).
Three patients (12%) had been submitted
to two surgeries before wave plate was
indicated, and the other 22 (88%), only a
prior surgery. All initial surgeries employed
DCP straight plates and in patients with
two previous surgical interventions, the
straight plate was replaced by another
straight plate. One patient was treated with
the DCP plate, but with biological synthe-
sis (bridge plate) and the second surgery
was performed for placing a bone graft;
still, the failure of synthesis material oc-
curred.

Plate replacement was chosen in 16 pa-
tients due to synthesis rupture (64%), three
due to non union (12%), and six due to
material loosening (24%).

Twelve patients have been identified with
non united fracture of the femur (48%) and
delayed union in 13 patients (52%), and,
according to the classification®® of
pseudoarthrosis, 10 patients (77%) with
hypertrophic pseudoarthrosis and three
(23%) with atrophic pseudoarthrosis.

SURGICAL TECHNIQUE DESCRIPTION:
The patient is positioned in dorsal decubitus in an ordinary surgical
table with hips slightly upwards at the side to be operated (cush-

ion).
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A=simple fracture: A1=spiral, A2=oblique, A3=cross-sectiones. B=wedge fracture: B1= spiral wedge, B2=
flexion wedge, B3=fragmented wedge. C= complex fracture: C1=complex spiral FX, C2=complex segmen-

ted FX, C3=complex irregular FX

Figure 1- AO Classification of femoral diaphyseal fractures.

Vascular

Avascular

Vascular: A = hypertrophic (elephant foot), B = normotrophic (hor-
se foot), C= hypotrophic. Avascular: D = torsion wedge, E =
multifragmented, F = bone gap, G= atrophic.

Figure 2 - Weber’s Classification of
pseudoarthrosis.

where the extension varies ac-
cording to pseudoarthrosis
dimension, however, as short-
est as possible (Figure 3). A
bicortical graft is removed from iliac bone,
contralaterally to operated side, with the
previously molded wave thickness (one
centimeter, in average). If this region had
been addressed in a previous surgery, a
new graft was removed from the side ip-
silaterally to the affected femur.

Fixation of the DCP or LCDCP plate mold-
ed to the bone is done through big-frag-
ment screws proximally and distally (eight
to 10 proximal and distal corticals), chang-
ing plate positioning in order to not to
match the holes of previous screws.
When graft area is considered very large
or unstable, it can be fixed to the femoral
diaphysis with screws, transfixing it across
the plate, without the need of thread reach-
ing medial cortical.

After plate and graft are fixed, surgical
wound wash is performed with approxi-
mately five liters of saline solution for re-
moving clots and devitalized tissues. Then,
suture is performed by planes, leaving two
aspiration drains. Those must be removed

within 24 — 48 hours after surgery, depending on the drainage

volume.

Patients are kept with occlusive patch and flexed knee at 90° for
three days. Active movements are encouraged since the first post-
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operative period. 1 Classification | o
PhySIca| therapy |S NS':::;:C S;?;’:t:ll Initials. Age G:‘:‘ ”::;::d Fracture site Fo":aEE‘E: :r':v‘: Indication Union Disorder
more |nFense, with 1 HsP RECJL 18 M L MEDIUM 1/3 B3 Juue BREAKAGE | H PSEUDOARTHROSIS
isometric and ac- 2 HSP AGO 21 F L MEDIUM 13 B1 Juuei BREAKAGE DELAY
tive assisted exer- 3 HsP TS 37 F L MEDIUM 1/3 82 MARS2 | BREAKAGE | APSEUDOARTHROSIS
cises after drain is 4 HSP GMA 53 M R MEDIUM 1/3 c1 SEP/92 | BREAKAGE DELAY
5 HSP JRMP 28 M R MEDIUM 1/3 Az NOV/E2 NO CALLUS DELAY
removed. 6 HSP EFS 22 M R MEDIUM 1/3 B1 DEC/92 | NOCALLUS | HPSEUDOARTHROSIS
Initial load on the 7 HsP | OMF | 28 | M R MEDIUM 1/3 83 APRIS3 | BREAKAGE DELAY
operated limb was 8 HSP s 27 M R MEDIUM 173 B1 AUGIH | BREAKAGE DELAY
20% of body 9 HSP MMD 51 F R MEDIUM 13 Az OCTI94 | LOOSENING DELAY
. . 10 HSP MASP | 21 F L MEDIUM 13 Az MARSS | BREAKAGE | HPSEUDOARTHROSIS
Welght' Total dis- 1 HSP 0GO 25 M R MEDIUM 13 B1 APRI9E | BREAKAGE DELAY
charge is allowed 12 HSP JA 2 M L MEDIUM 173 B1 MAYI9E | LOOSENING DELAY
when X.ray signs 13 HSP KCVB | 20 M R PROXIMAL 13 B1 OCTI97 | EBREAKAGE DELAY
evidence bone 14 HSP MTL 29 M R DISTAL 13 B1 OCTI07 | BREAKAGE | HPSEUDOARTHROSIS
. 15 HSP RS 17 F R MEDIUM 1/3 B1 OCT/97 | BREAKAGE | APSEUDOARTHROSIS
union. 16 HSP AS 30 M R MEDIUM 173 c1 NOV/ST LOOSENING H PSEUDDARTHROSIS
Bone non union 17 HSP LJL 27 M L MEDIUM 1/3 Az MARSE | LOOSENING DELAY
within u P to Ssix 18 HSP INS 26 M L MEDIUM 1/3 81 MARSE | LOOSENING | HPSEUDOARTHROSIS
months after initial 19 HSP GCL 24 M R MEDIUM 1/ B1 APRIE | LOOSENING DELAY
) . 20 HSP MAS 16 F R MEDIUM 1/3 B1 MAY/98 | BREAKAGE | HPSEUDOARTHROSIS
surgery with strai- 21 HsP RTK 21 M L MEDIUM 1/3 A3 MAY/9E | NOCALLUS | APSEUDOARTHROSIS
ght plate was 22 HSP JPM 16 M R MEDIUM 173 B1 JuLiss QUEBRA DELAY
considered as de- 23 HSP FE 19 | M L DISTAL 113 A3 JULBB QUEBRA H PSEUDOARTHROSIS
| aye d union. and 24 Limeira NF 46 M L MEDIUM 13 c1 SEP/SB | BREAKAGE | M PSEUDOARTHROSIS
. ’ 5 Diadema | RSAV 41 M L MEDIUM 1/3 c1 OCTo8 BREAKAGE H PSEUDOARTHROSIS
non united frac- Abbreviations: HSP=Hospital Sdo Paulo; M=male; F=female; L=left; R=right; P=plate; H=hypertrophic; A=atrophic.

tures in more than
six months were
considered as
pseudoarthrosis.

Evaluation
criteria:
Shortening: lower limbs equaliza-
tion grade five, with pre-existent
shortening to the use of wave plate
were graded three, and those with
a higher degree of shortening ex-
isting prior to surgery with wave
plate were graded zero.

Angular deviations (varus and val-
gus): no deviation, grade five; with
up to five degrees of deviation,
grade three, be-
tween 5and 10 de-

Source: Hospital Sdo Paulo, Hospital de Limeira, and Hospital Estadual de Diadema

Figure 3 - Plate molded with both ends lifted approximately

0.5 cm from a flat surface.

Table 1- Data of the 25 patients with femoral diaphyseal fracture in non union treated with
the wave plate method according to a numeric order, original hospital, name initials, age,
gender, affected side, anatomical site, AO classification, date of wave plate implantation,
indication of the wave plate, and union process change.

(72%).

RESULTS

The outcomes of
25 patients treated
with wave plate
have been as-
sessed during the
post-operative pe-
riod. Dada accord-
ing to a numeric
order, date of end-
point review, time
to union, complica-
tions during treat-
ment, discrepancy
of lower limbs,
angle deviations
and knee joint
range of motion af-
ter union are found
on Table 3.

Bone union oc-
curred in 96% of
patients, in an av-
erage time of 5.32
months, ranging
from three to seven
months. Follow-up
time ranged from
five months to two

years and nine months.
There were no changes in the final
length of lower limbs in 18 patients

In 20 patients (80%) no angle devi-
ations were seen at the end of treat-
ment. Four (16%) achieved femo-
ral union with a varus deviation and
one (4%) achieved union with a
valgus deviation. No rotational de-

viations were seen.

grees, grade one; ANGLE DEVIATIONS JOINT RANGE OF
and grade zero SCORES SHORTENING (VARUS AND VALGUS) MOTION
for those present- Greater than previous i
ing deviations 0 surgery with the wave plate . Fledon < 90°
above 10 de- 1 - 05 - 10° -
grees. e .

. Existing previously to the .
Knee motion: nor- 3 ?sze platey <05° Flexion up to 90°
mal range of mo-
) 9 L 5 Lower limbs equalization No deviation Normal
tion, grade five;

flexion up to 90
degrees, grade
three; flexion below
90 degrees, grade zero.

From this population, outcomes for wave plate treatment were as-
sessed. Patients were considered as EXCELLENT when achieved a
15 score, GOOD when they achieved a 14 — 10 score, FAIR when
scores were between 9—7, and BAD when scores were below 7 (Table 2).

ACTA ORTOP BRAS 14(1) - 2006

Source: Hospital Sdo Paulo, Hospital de Limeira and Hospital Estadual de Diadema

Table 2 - Scores assessing shortening, angle deviations and joint range of motion.

The range of mo-
tion of the hip joint
did not change in
any case. Knee
joint was not re-
stricted in 84% of
the cases (21 pa-
tients). There was
flexion restraint in
12% of the cases.
One patient (4%)
presented with a
stiff knee before
wave plate implant.
During surgery, af-

ter manipulation, a range of motion of 5 to 20° was achieved.
Complications were as follows: one patient with fracture, one pa-
tient with loose plate, one with broken plate and two infections.

Clinical evaluation of the 25 patients is shown on Table 4.
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DISCUSSION

NUMERIC
ORDER

ENDPOINT
REVIEW

UNION TIME

COMPLICATIONS

SHORTENING

ANGLE
DEVIATIONS

JOINT R, OF
MOTION

FINAL
OUTCOME

Fractures union pro- 1

FEB/MZ

NONE

NOD

NORMAL

EXCELLENT

NOVIE1

NONE

MNORMAL

EXCELLENT

cess involves bone

APRISS

MONE

NORMAL

EXCELLENT

APRMG3

NONE

NORMAL

GOOD

contact among frag-

MARS4

NONE

NORMAL

EXCELLENT

ofon]a|a|s

ments, stability and

FEB/S4

wlo|o|a|o|~

NONE

NORMAL

EXCELLENT

adequate blood supply 7

FEB/S

FEMORAL
SUPRACOND.
FRACT.

VARUS = 107

FLEXION = 507

FAIR

for not becoming jeop- 8

JUNEE

NONE

NO

NORMAL

EXCELLENT

ardized®17, -

JuLe?

NONE

VARUS = 187

NORMAL

GOOD

OCTHS

MNONE

VALGUS = 03°

NORMAL

GOOD

The interruption of the i

OCTI96

alo|o|o |

NONE

NORMAL

EXCELLENT

MARST

MONE

VARUS = 187

NORMAL

FAIR

bone union process

MAY/B9

BROKEN WAVE
PLATE

NO

NORMAL

BAD

causes the delayed T

SEP/ 98

NONE

NO

NORMAL

EXCELLENT

JULSE

NONE

MO

FLEXION = 110°

GooD

union or pseudoar-

MARS9

INFECTION
RELAPSE

NO

FLEXION = 207

FAIR

throsis. Some authors

JANISS

MONE

NO

NORMAL

EXCELLENT

JANISS

NONE

NO

NORMAL

EXCELLENT

rely on the evolution 18

JANGD

wln|la| ~ |&|~] =

NONE

NO

NORMAL

EXCELLENT

time and consider as a

APRISS

INFECTION
RELAPSE

NO

NO

NORMAL

EXCELLENT

delayed union the one

MAY/S9

-

LOOSE WAVE
PLATE

02CM

NO

FLEXION = 1207

GOOD

not showing union in up

FEB/BO

NONE

NO

NORMAL

EXCELLENT

to six months, ranging )

APRISS

NONE

NOD

NORMAL

EXCELLENT

APRISS

NONE

02 CM

NORMAL

GOOD

from four to six 2

APRIS9

wlm|a|;m

NOMNE

02CM

NORMAL

initially, which should be
removed, even though
it was already causing
an injury of the peri-
osteal flow due to bone
contact beneath the
plate. Thus, we tried to
avoid producing an-
other vascular injury,
this time a medullary
one, by switching the
initial technique, which
would occur if an in-
tramedullary nail was to
be used.

Femur arching deter-
mines a traction force
on lateral cortical and a

GOOD

compression on medi-

months, and as pseu-
doarthrosis when union
does not happen be-
fore six months ©1822)
Other authors believe
that the threshold be-
tween delayed union and
pseudoarthrosis are inaccu-
rate, and they consider as
pseudoarthrosis any deviation
on union process, because this
would be a natural develop-
ment of a delayed union, pro-
vided no medical intervention
OCCUFS(“'G“Z‘ZS’Z“).
Pseudoarthrosis causes are
related to: a) severity of frac-
ture involving soft parts inju-
ries, location, comminution, in-
fection, associated arterial and
nervous injuries; b) instability
of the fixation method; c) inap-
propriate fixation; d) absence
of bone contact®810.1216),

The method selected in this
study recommends the use of
cortical-spongy bone graft in
all patients, regardless of the
kind of pseudoarthrosis in-
volved, which is believed to be
the determinant biological fac-
tor in union process.

Fibrous tissue between bone
fragments in the 25 patients
treated with the wave plate was
not removed in order to pre-
serve vascularization, being
also associated to the cortical-
spongy bone graft, assuring
this tissue’s feasibility.

The wave plate was chosen for
the treatment of non union
femoral diaphyseal fractures,
due to the use of a DCP plate

20

Source: Hospital Sao Paulo, Hospital de Limeira and Hospital Estadual de Diadema

Table 3 - Final outcomes of 25 patients treated for femoral diaphyseal fractures, in
non union, with wave plate, according to endpoint review date, union time,
complications, shortenings, angle deviations and knee joint range of motion.

"ORDER | SHORTENING | peUiTicns | “MoTion | SCORE
1 5 5 5 15
2 5 5 5 15
3 5 5 5 15
4 5 0 5 10
5 5 5 5 15
6 5 5 5 15
7 3 1 3 7
8 5 5 5 15
9 5 0 5 10
10 5 3 5 13
11 5 5 5 15
12 3 0 5 8
13 0 0 0 0
14 5 5 5 15
15 3 5 3 13
16 3 5 0 8
17 5 5 5 15
18 5 5 5 15
19 5 5 5 15
20 5 5 5 15
21 3 5 3 13
22 5 5 5 15
23 5 5 5 15
24 3 5 5 13
25 3 5 5 13

Source: Hospital Sao Paulo, Hospital de Limeira, and Hospital Estadual de Diadema

Table 4 - Clinical evaluation of the 25 patients with femoral diaphyseal
fractures, in non union, treated with wave plate, according to numeric
order, shortening, angle deviations, joint range of motion, and scores sum.

al cortical, which may
lead to synthesis fail-
ure (fatigue fracture)
as a result of the lack
of medial support
(Figure 4).

The wave plate changes this
distribution due to its mechan-
ical properties. It is known by
basic mechanics that when an
area is submitted to an eccen-
tric load, tension is generated
determining the arching force,
and, if the area is doubled, this
force will be reduced to one
third (Figure 5).

The wave plate used in femo-
ral diaphyseal fractures with no
medial support increases the
load area, which then ranges
from the medial contact region
to the wave plate, thus better
distributing the arching force,
reducing the compression
force at the medial cortical and
displacing traction force to the
plate. In this case, the neutral
fiber, a line away from forces
action at the threshold between
compression and traction re-
gions, is displaced to the
space between the bone and
the plate (Figure 6).

With medial support, the wave
plate causes a displacement of
the neutral fiber, towards the
plate, so that the fracture re-
mains upon a distribution of
forces following the same bio-
mechanical principles de-
scribed above by the in-
creased load area, keeping
compression over the fracture
core (Figure 7).
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Union time for femoral dia-
physeal fractures treated
with the wave plate oc-
curred in average within
5.32 months, ranging from
three to seven months,
which is considered a
good outcome when com-
pared to associated litera-
ture(19,20,25—31)'

Wu and Shi® employed

tothe large area of the wave,
instead of focusing a limited
region, as occurs with the
straight plate. Biomechani-
cal tests, however, show that

the wave plate tends to
break at the screw hole dis-
tal to the curve.

Bone union occurs beneath
the plate due to the bone
graft, which stimulates re-

four treatment methods for
pseudoarthrosis. The in-
tramedullary nail showed
the shortest union time —
three months — and the
straight plate, four months.
Any method selected for treating
pseudoarthrosis imposes compli-
cations: shortenings, angular and
rotational deviations, and joint stiff-
ness as the most common se-
que|s(18‘22,32)_

By assessing the length of affect-
ed limb one may say that the se-
lected method does not cause
shortening, because all patients
presenting limbs dysmetria (28%)
presented this change previously
to the wave plate implantation. Fur-
thermore, by preserving interfrag-
ment fibrous tissue and with the
absence of bone resection, in no
way could the method cause or

Figure 4 - Lack of medial Figure 5 - The increased surface (2 times)
support with synthesis failure bearing an eccentric load makes generated
due to fracture by material force to be reduced to 1/3 of the original one.
overload.

generative process, allow-
ing blood vessels to pene-
trate, and due to the excel-
lent mechanical system @
that changes the distribu-

tion of forces, allowing for
the union to happen without submit-
ting synthesis material to overload.
Although synthesis failure oc-
curred in one of the patients, and a
loose plate in one patient else, the
outcomes were good and excel-
lent in 84% of the cases, ratifying
the wave plate as an excellent treat-
ment option for patients with fem-
oral fracture initially and unsuc-

Figure 6 - Lateral
cortical is submitted
to traction force and
medial cortical is
submitted to com-
pression force.

contribute to the discrepancy between the limbs.

Hip joint presented a normal range of motion in all patients and the knee
was not affected by the method, because patients presenting union with
restrained range of motion also presented with previous changes.

Literature has not described synthesis material breakage or plate loos-
ening® due to wave plate’s property of distributing the cyclical force
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