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Abstract Minimally invasive plate ostesynthesis (MIPO) is not
just a technique, it is a method of treatment for metadiaphyseal
fractures that has three elements: small incisions, indirect func-
tional reduction and flexible fixation. In an elderly patient, the
osteoporotic fracture doesn't accept absolute stability well, be-
cause the bone cannot withstand interfragmentary compression.
MIPO is a biologically friendly approach, preserving the blood
supply of the soft tissues and the bone, allowing a better healing
process, and less risk of non-union and infection. These are
important factors in elderly patients because they are more likely
to develop delayed healing and non-union, as well as infection
due to deficiency of the immune system. This article presents the
best way to reduce the fracture and place the plate in the bone to
achieve the best construct. An angular, stable plate with a screw
locking feature has brought mechanical and biological advan-
tages to MIPO fixation. Clinical results are presented for the
humeral, femoral and tibial fractures.
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plate . Elderly . Osteosynthesis

Introduction

With ageing there is a progressive loss of bone mass and
deterioration of the micro-architecture of the osseous tissue
leading to bone fragility and increased susceptibility to fractures.
In the US, it is expected that more than 50 % of the female
population and more than 25 % of the male population above

50 years of age will present with an osteoporotic fracture during
their lifetime [1].

A fracture has an important impact on the general health of the
elderly patient. The mortality rate after a proximal femoral frac-
ture is as high as 24 % in elderly female patients and 40 % in
male patients [2], and around 20%of themwill never walk again
regardless the result of the fracture fixation [3]. After an upper
extremity fracture it is common to have a impairment in function.

Osteoporotic changes of bone and characteristics of the
fragility fracture make fracture fixation very challenging, with
a high rate of failure and complications (Figs. 1 and 2) [4].

The objective of this article is to review the effect of the
osteoporosis on the metaphyseal and cortical bone, the bone
healing process in the osteoporotic bone, the consequences of
both on fracture fixation, and to present the principles of bridge
plating and its optimal use to fix the osteoporotic fracture to
avoid failure and to achieve a good and fast recovery.

Effects of Ageing on Bone

In a normal skeleton of a 30 year-old patient, there is an
exchange of 10 % of the bone mass per year, with balanced
activity of osteoblasts and osteoclasts. With ageing, due to
many factors, a misbalance of cell function occurs, osteoblasts
decrease their activity and osteoclasts increase. This is the
main cause of bone loss [5].

The major change occurs in the metaphyseal region due to
its greater blood supply and bigger surface area. There is a
quantitative decrease of the number of trabeculae, and also a
qualitative change with decrease of the horizontal struts, loss
of connectivity, and the trabecular plate becomes rod-like with
an unfavorably weak geometry. Furthermore, osteoclast activ-
ity causes cavitations in the trabeculae, where there is a stress
concentration that leads to more fragility [6].

In the shaft, osteoporotic changes start at the endosteal side,
with bone resorption that leads to a progressive expansion of
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the medullary canal and thinning of the bone cortex. To avoid
a drastic decrease in the shaft thickness, the bone increases the
outer diameter to keep a uniform transverse section [6].

Bone Healing in an Elderly Patient with Osteoporosis

Bone healing is a complex process involving a coordinat-
ed participation of hematopoietic and cells of the immune
system, in conjunction with vascular and bone marrow
precursors [7].

Clinical studies with osteoporotic patients are difficult be-
cause of the limitation in the inclusion of control group. There
are some experimental studies showing that osteoporosis
causes delays in the healing process.

Wang et al. evaluated the influence of osteoporosis on a
healing fracture in rat osteoporotic model, finding a lower
callus bone mineral density and callus failure stress in the
osteoporotic group. The new bone trabeculae was delayed and
in the new bone, trabeculae were arranged loosely and irreg-
ularly, demonstrating impairment of healing [8]. Islam et al.,
studying female Wistar rats that had ovariectomy, found a
prolonged endochondral ossification phase, with an increased
number of osteoclasts, BMP-2 and TNF expression in the
osteoporotic group [9]. Lill et al. performed an in vivo study
in an osteoporotic sheep model (ovariectomy, low calcium
diet and steroids) and found a 2-week delay in the healing in
the osteoporotic group [10].

Besides the lack of good clinical studies, it is quite certain
that the biological and mechanical factors involved in bone
healing in the osteoporotic bone are affected by both ageing
changes and osteoporosis, leading to a delay in the healing
process [7].

Consequences of Osteoporosis on Fracture Fixation

The resistance to failure of any fixation depends upon the
bone-implant interface. In osteoporotic bone, fixation is in
jeopardy due to decreased bone mass.

Fig. 1 Fracture of the proximal metadiaphyseal region of the tibia in a
72 year-old patient, treated with minimally invasive plate osteosynthesis
with locking plate, showing uneventful healing after 15 weeks

Fig. 2 Osteoporotic fracture
fixation failure. a femoral neck
fractures; b femoral
pertrichanteric fractures
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The gradual decrease in both trabeculae quantity and qual-
ity in the metaphyseal area produces the appearance of voids
with no trabeculae at all, and concentration of cancellous bone
close to the subchondral area. The lack of bone makes screw
anchorage more difficult, even when screws with bigger
thread diameter are utilized. In many epiphyseal regions, such
as the humeral or femoral heads, the use of bicortical fixation,
which would normally increase screw purchase, cannot be
used due the risk of articular penetration of the screw tip.
For this reason, the fixation of the articular block is always
challenging and difficult in the osteoporotic fracture.

In the diaphysis, the manifestation of the osteoporotic
changes are less prominent. Still, there is a decreased resis-
tance to fixation failure [11•]. The working length for a
screw in a cortical bone is related to the thickness of the
cortex and the quantity of threads in it. With the develop-
ment of osteoporosis the cortex becomes thinner, decreas-
ing the available surface area and ability for it to hold the
screw (decreased pull-out strength), thus the fixation be-
comes more prone to failure [12].

Other factors complicate the fixation quality of osteoporot-
ic fractures in metaphyseal areas: 1) poor bone quality results
in a small and short articular block, without space to insert
enough screws, and 2) comminution along the fracture line
with the shaft increases instability (no cortical opposition to
share the physiologic load) and delays the healing due to the
greater area of fracture that needs to be bridged.

In summary, poor purchase of the implant to hold the
reduction and maintain fixation, increased instability due to
comminution, and delayed healing, in combination, explain
the high incidence of complications in fracture fixation in the
elderly [4, 13].

Minimally Invasive Plate Osteosynthesis in Osteoporotic
Fractures

Minimally invasive plate osteosynthesis (MIPO), also known
as bridge plating, is based on three main principles: small
incisions, indirect reduction and relative stability.

Small incisions are purposefully used in order not to disturb
with the fracture hematoma. Typically, in a bridge plating
construct, an incision is made proximal to the fracture, long
enough to slide the plate and to fix the most proximal screws,
and another distal incision is also made large enough to align
the plate to the bone and fix the distal screws. The plate is slid
sub-muscularlly over the periosteum. This is important to
preserve the blood supply to the bone and allow an uneventful
healing [14, 15].

Indirect reduction also aims to preserve the vascularity in
the already damage fracture zone. The objective is to attain a
functional reduction with restoration of length, axial align-
ment, and rotation of the main proximal and distal fragments

of the bone, without disturbing the intermediary comminuted
fragments [16•].

The preservation of soft tissue around the fracture de-
creases the risk of nonunion and infection. The fracture fixed
with a bridge plate heals with secondary callus formation,
which is very dependant on the surrounding soft tissue viabil-
ity, because the cells and vessels for the healing process come
from it. The presence of viable soft tissue also protects against
infection because, in the area of the implant surface, there is an
increased chance that it is populated with normal cells rather
than bacteria, and the immune system of vascularized tissues
are superior to damage tissues [17, 18].

In elderly patients, these factors become extremely impor-
tant because there is a tendency to have a delay in the healing
process, so any effort to preserve the soft tissue, hematoma,
and local vascularity is worthwhile [7]. Ageing also decreases
the immune response, making the elderly patient more prone
to infection. A less invasive fixation may decrease the infec-
tion rate in this group of patients [17, 19••].

Because of the biological approach, bridge plating has an
increased chance for uneventful healing and successful func-
tional recovery [15, 18]. The bridge plate follows the biome-
chanical principle of relative stability, which has three ele-
ments: functional reduction, no interfragmentary compres-
sion, and elastic, flexible fixation that allows for micromotion
at the fracture site. In terms of absolute stability, it is manda-
tory to have an anatomical reduction and interfragmentary
compression to obtain zero movement between the fracture
fragments, which ultimately results in primary bone healing.
However, when relative stability is the goal, interfragmentary
compression is not needed in order to allow some movement
in the fracture site. Together with flexible fixation, relative
stability leads to secondary healing with callus formation.

The goal of achieving absolute stability in an osteoporotic
bone is very challenging and results in a high failure rate.
Absolute stability is only possible in simple fracture patterns
and requires open reduction and direct manipulation of the
fragments, which are fragile and easy to break, causing multi-
fragmentation. Compression of fracture fragments is also
problematic because of the fragile bone’s inability to with-
stand the compression load.

Relative stability with a bridge plate is a load-sharing
construct, which decreases the stress on the implant-bone
interface, so it is more suitable to osteoporotic fracture fixa-
tion. It is recommended to use long plates to increase the
resistance against the pull of the plate from the osteoporotic
bone and because it is more flexible [20].

A comminuted fracture is difficult to fix in any age. In an
elderly patient it is even worse. Typically, the articular block is
small, the osteoporotic bone cannot hold the fixation, insta-
bility stresses the implant, and there is a delay in healing.

In an AO type B shaft fracture, it is indicated, whenever
possible, to insert the plate on the side of the comminution,
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allowing for compression of the fractured articular segment
into the intact column of bone while the plate prevents subsi-
dence by acting as a butress [21].

In an elderly patient with an AO type C fracture, it is
acceptable to compact the comminution of the fracture site
to achieve a more stable reduction, even with the shortening
that follows this maneuver. A more stable reduction decreases
the stress on the implant, which can allow for a longer service
life until the complete healing of the fracture [21, 22].

An important innovation for fixing osteoporotic frac-
tures is the development of the locking plates. The idea
behind this concept is to have a single beam construct, with
the locking of a threaded screw head into the plate creating
a stable fixed angle device. This construct has been shown
to be four times stronger than a conventional screw/plate
construct of the same dimensions [23]. The implant-bone
interface stress is improved in the angular stable locking
plate: with locking, the shear stress is converted to com-
pressive stress. Because bone has much higher resistance to
compressive stress than shear stress, a stronger construct is
created. Additionally, in the locking plate, the strength of
fixation equals the sum of all screw-bone interfaces, in-
creasing the pullout resistance [24].

With the angular stability created between the screw and
the plate in a locking construct, there is a decrease in the
secondary loss of reduction, due to the physiological load
applied to the extremity [25]. The capacity to withstand the
load allows for earlier weight bearing without losing reduc-
tion. In elderly patients, it is very important to allow early
mobilization, gait, and return to baseline function.

Locking plates do not rely on the compression of the plate
to the bone, eliminating the need for a perfect contouring of
the plate and decreasing the chance for loss of reduction.
Without the need for friction to achieve stability, the periosteal
blood supply is preserved and decreases the degree of bone
resorption, and reduces the risk of delayed healing and infec-
tion [26•].

To increase the fixation of the articular epiphyseal fragment
with the locking plate, the locking screws are set in multiple
directions, either convergent or divergent according to the
local anatomy. These non-parallel constructions increase the
resistance to pullout and increase the strength of the overall
fixation.

Clinical Results with Minimally Invasive Plate
Osteosynthesis in Elderly Patients

The most common fractures in elderly patients where bridge
plating is indicated are the metaphyseal fractures of the hu-
merus, femur and tibia. Searching the literature, there are not
many studies addressing the minimally invasive plate
osteosynthesis only in this population.

Arumilli et al. [27] studied a specific fracture pattern com-
mon in osteoporotic proximal humeri treated with MIPO.
They reviewed 13metadiaphyseal fractures in 12 patients with
average age of 74.3 years. All fractures united and there was
no evidence of avascular necrosis or non-union. Two patients
showed varus collapse and one of these required a re-
operation. The authors concluded that these types of fractures
are better treated surgically than nonoperatively, and the
MIPO technique gives a good result.

Zhou et al. [28] had also studied the use of bridge plate in
the proximal metadiaphyseal fractures of the humerus.
Seventy-four patients with average age of 57.3 years were
evaluated. All fractures healed in an average time of
17.4 weeks, with 85.8 points in the Constant-Murley score.
There was no deep infection, neurovascular damage, and
breakage or implant failure. They concluded that the MIPO
technique for proximal diaphyseal fractures of the humerus is
a valid and safe technique. Rancan et al. [29] also studied the
proximal metadiaphyseal fracture of the humerus treated with
MIPOwith locking plate and a deltoid splitting approach. The
average age of the 29 patients was 77 years. All fractures
healed uneventfully; there were no infections and no iatrogen-
ic axillary or radial nerve injuries. After 8 months of follow-
up, the patients showed a good functional outcome. This
procedure has been demonstrated to be safe, with low mor-
bidity and full restoration of quality of life in elderly patients.

Themost common publications ofMIPO in elderly patients
are related to the distal femoral fractures. Doshi et al. [30]
studied 24 patients with mean age of 73 years with distal
femoral fractures treated with MIPO. The mean time to union
was 13.5 weeks and the range of motion achieved at 6 months
was 100°, ranging from 0 to 30° (extension) to 90 to 140°
(flexion). The functional knee scores were satisfactory (88.8).
In all, 25 % of the patients developed DVT. No case devel-
oped infection, had nonunion or implant failure. They con-
cluded that MIPO is a promising technique to fix distal fem-
oral fractures in the elderly.

Vallier and Immler [31] compared 32 distal femoral frac-
tures treated with angled blade plate (ABP) and 39 treated with
MIPOwith locking compression plate (LCP). Average age was
59.5 years. Malunion occurred in 11 % of the LCP group and
3.4 % of the ABP group (p=0.11); all were in patients older
than 55 years. Nonunion was more frequent in the LCP group
than in the ABP group (11 % vs. 3.4 %, p=0.11).
Complications were more frequent in the LCP group (35 %
vs. 10 %, p=0.001). Mean age of the patients with complica-
tion was 64 years. Conclusions were that distal femoral frac-
tures are often associated with prolonged healing and rehabil-
itation times, and they can be successfully treated both with
LCP and ABP. Patients treated with LCP had more complica-
tions and nonunions, and required more implant removal.

Kao et al. [32] compared the treatment of the distal femoral
fracture with dynamic condylar screw (DCS) and the less
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invasive stabilization system (LISS). Healing was achieved in
96.2 % in the DCS group and 94.7 % in the LISS group (p=
0.672). The average range of motion of the knee was 111.6° in
the DCS group and 116.2° in the LISS group (p=0.334). Only
the DCS group showed early implant failure (11.5 %, odds
ratio=1.826). The authors concluded that both methods pro-
vide good outcome to treat the distal femoral fractures, and the
LISS system has lower early implant loosening than the DCS.

Periprosthetic fractures about the knee occur at the
supracondylar regions of the distal femur and are a typical
osteoporotic fracture in elderly. Hou et al. [33] evaluated 52
patients with an average age of 76 years with periprosthetic
fracture above a total knee arthroplasty (TKA). Thirty-four
patients were treated with MIPO and 18 with retrograde nail
fixation (RNF). Mean operating time was 91.6 minutes in
RNF and 87.4 minutes with MIPO (p=0.46). The mean time
to union was 3.7 months in the RNF group and 4.0 months the
MIPO group (p=0.95). In the MIPO group, 9 % sustained
nonunion, and 6 % in the RNF group. Infection was present in
6 % of the MIPO patients and 11 % of the RNF patients. The
conclusion of the authors was that MIPO is applicable to most
patients and prosthetic designs and can provide similar favor-
able results compared to RNF.

Hoffman et al. [34•] retrospectively studied 55 consecutive
periprosthetic distal femoral fractures, with average age of
73.2 years, treated with MIPO with locking plate. After the
index procedure, 69.4 % of the patients had the fracture
healed. Nonunion was present in 22.2 % and three fractures
(8.3 %) led to implant failure. Loss of 5° extension was
present in 13.5 % of the patients. No pain or mild pain was
reported by 77 % of the patients. Successful treatment was
achieved in 85 %. The authors concluded that the fixation of
periprostetic distal femoral fracture after TKA with MIPO is
challenging; loss of reduction and implant failure may still
occur, and the minimal invasion technique reduces the non-
union risk.

Interprosthetic femoral fractures are rare and difficult to
treat because of the presence of arthroplasty both in the hip
and the knee. Ehlinger et al. [35] present the result of the
treatment of eight patients with interprosthetic fracture with
MIPO. Mean age was 78.5 years. Healing was obtained in all
patients after a mean of 14 weeks. There were no post-
operative infections and one patient had malalignment more
than 5° of varus. The bridge plate showed to be a good option
to treat interprosthetic fractures of the femur.

Proximal metadiaphyseal fractures of the tibia may also be
treated with bridge plating. Naik et al. [36•] studied 47 patients
between 20 to 71 years (mean 42 years). All fractures united
but three that developed infection and nonunion. Average time
to union was 20 weeks in the closed fractures and 25 weeks in
the open fractures. Mean range of knee motion was 119°. They
concluded that MIPO in extra-articular proximal tibial fracture
showed a promising result with minimal complications (Fig. 1).

Stinik et al. [37] reviewed the results of 80 patients with tibia
fractures treated with percutaneous plate fixation. Amongst the
patients 79 % had uneventful healing after mean weeks.
Delayed union occurred in 3 patients (4 %) and nonunion in 7
patients (9 %). MIPO allowed healing and restoration of
preinjury level of function in most patients. However, compli-
cations occurred in a significant portion of patients, suggesting
that careful attention is required when planning surgery.

Li et al. [38••] has systematically reviewed the literature on
the use of MIPO compared to intramedullary nail in the
treatment of distal tibial fracture. Amongst 393 articles, eight
were selected. A total of 487 extra-articular distal tibial frac-
tures were identified. The age of patients ranged from 18 to
84 years at the time of the trauma. Of them, 270 were treated
with intramedullary nail (IMN) and 217 with MIPO.
Functional outcome, days of hospital stay and time for bone
union were comparable between the two groups.
Complication rate was higher for the IMN group (44.5 % vs.
25.8 %, p=0.001). Among these complications, malunion and
anterior knee pain were more common in the IMN group.
Wound problems were less common in IMN fixation (2.9 %
vs. 7.5 %, p=0.03). The results of the review suggested that
for extra-articular distal tibial fracture, MIPO would be pre-
ferred because of its low complication rate.

Concerns with Minimally Invasive Plate Osteosynthesis

The minimally invasive approach should be limited to extra-
articular fractures, or if the fracture has an articular compo-
nent, it should fixed first via a traditional open technique. It is
a highly technical and rigorous approach with a significant
learning curve. The surgeon must know the tricks for a closed
reduction and also the tricks to manipulate the fragments
without damaging the blood supply or soft tissue envelope.
Careful pre-operative planning is essential for success [39•].

To achieve a closed functional reduction and adequate plate
positioning, the use of intra-operative fluoroscopic control is
necessary. Over-exposure to radiation to both the patient and
the surgeon should be carefully considered, and care should be
taken to use fluoroscopy judiciously. [43••].

The use of locking head screws may increase the rigidity of
the construct too much the fracture site, which can lead to
delay or nonunion due to a loss of micromotion. New options
are being investigated to decrease the rigidity without altering
the resistance of the fixation [40, 41••]. One option is to
substitute the locking screw for a conventional screw, use
the far cortex fixation or dynamic locking screws.

In minimally invasive techniques, the size of the incision
matters, but it is important to remember that it is more impor-
tant is to achieve a good reduction and to avoid injury to the
blood supply to the soft tissues and the bone [42]. The goals of
anatomic restoration of length and alignment, stable fixation,
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and early mobilization should never be compromised, and if a
traditional, more invasive technique is necessary to obtain
these goals, it should be done.

Conclusion

The ageing skeleton has an altered metabolism that results in
decreased mass and deteriorates the micro-architecture of the
bone, whichmay lead to fragility fractures. These fractures are
more difficult to treat due to unique mechanical and biological
issues. Delayed healing and greater instability jeopardize the
fixation. Minimally invasive plate osteosynthesis is a reliable
method to treat these fractures, because it follows biological
principles with small incisions and indirect reduction and
mechanical principles with flexible fixation strong enough to
withstand early motion and weight bearing.
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