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Distal Femoral Fractures in Post-poliomyelitis
Patients Treated with Locking Compression Plates
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Objective: Treatment of distal femoral fracture in post-polio patients is difficult because the bone is usually
osteopenic, small and deformed. This retrospective study aimed to investigate the outcomes of distal femoral fracture
in post-polio patients treated by locking compression plates (LCP).

Methods: The medical records of 19 post-polio patients (mean age 49 years at time of surgery) were reviewed and
intraoperative data retrieved. Fracture union and callus formation were evaluated on radiographs taken at each
postoperative visit. Functional outcome assessments included range of motion and Hospital for Special Surgery (HSS)
score of the ipsilateral knee joint.

Results: Sixteen femoral fractures occurred in the poliomyelitis-affected limbs. The mean duration of operation was
86 min and mean blood loss 120 mL. All fractures healed (mean, four months) but union was delayed in one. At the
final follow-up 2 yrs after surgery, the mean range of knee flexion was 105° (range, 90°–130°), and mean HSS score
76 points (range, 60–93). There were no cases of nonunion, implant cutout, or other complications.

Conclusions: LCP provides stable fixation of distal femoral fractures in post-polio patients. Bony union and good
functional outcomes are achieved, but delayed union and minimal callus may occur.
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Introduction

Poliomyelitis is an acute viral infectious disease caused by
infection of motor neurons with poliovirus, resulting in

denervation of muscle fibers1–4. Most patients who survive
acute poliomyelitis have multiple sequelae1,5,6. A common
sequela is paralysis of the lower extremities, characterized by
flaccid muscle tone, asymmetric involvement and retarded
growth7. With aging, affected limbs may become increasingly
flaccid and weakened, resulting in limited ambulation8.

Clinical dilemmas caused by post-polio syndrome may
be encountered by orthopaedic trauma surgeons. Patients are
at risk of falling and sustaining fractures2,4,7,9. Morbidity ranges
from 35% to 48%2,10,11. Fractures commonly occur in the distal

femur and proximal humerus11. Distal femoral fracture in
elderly patients with osteopenia presents a difficult manage-
ment problem12, especially in post-polio patients. In addition
to the higher incidence of osteopenia in post-polio
patients7,10,11, the bones on the affected side may be small,
deformed and hypovascular because of the decreased bulk and
vascularity of the paralyzed muscles, all these factors can
contribute to poor fracture healing13–15. Furthermore, the
decreased muscle strength and limited ambulation may nega-
tively affect postoperative rehabilitation11. Although surgical
outcomes of distal femoral fracture in adult and elderly
patients have been reported16–21, results of treatment of this
fracture in post-polio patients have not been well documented.
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Locking compression plates (LCPs), which provide
angular stability by minimizing interference with the fracture
site, have been used for treatment of distal femoral fractures in
osteopenic bone22,23. LCPs have theoretical advantages for post-
polio patients. A retrospective study of femoral fractures in
post-polio patients, including fractures in the proximal part,
midshaft and distal part of the femur, has shown that LCPs
may address these challenges and provide good outcomes24.
Despite this one study, limited information is available about
the treatment of femoral fractures with LCP in post-polio
patients.

We postulated that LCPs may provide stable fixation and
satisfactory clinical outcomes in distal femoral fractures in
post-polio patients. In the current study, we retrospectively
evaluated a series of distal femoral fractures treated with LCPs.
The purpose of the study was to evaluate the technique and
outcomes of using LCP to treat distal femoral fractures in
post-polio patients.

Materials and Methods

From January 2005 to March 2011, 19 consecutive post-
polio patients (11 men and 8 women; mean age, 49 years;

range, 37–63 years) sustained unilateral distal femoral fracture
and were treated with LCPs in our hospital. The fractures were
caused by falls during activities of daily living (15 patients),
motorcycle accidents (3 patients) and a fall from a bicycle (1
patient). The fractures were all closed and classified (Associa-
tion for Osteosynthesis /Orthopedic Trauma Association clas-
sification) as 32-B2 in four patients, 32-B3 in three, 32-C3 in
two, 33-A1 in two, 33-A2 in one, 33-B1 in four and 33-C1 in
three25. Surgery was performed within 1 week of injury in 15
fractures and delayed >1 week for 4 fractures because of
general health problems.

Surgical Technique
All surgical procedures were done by one senior surgeon (JX).
The patient was placed in the supine position on a radiolucent
operation table. The leg was freed from traction. No tourni-
quet was applied. A longitudinal parapatellar incision
(8–10 cm) was made over the lateral femoral condyle. The
subcutaneous tissues were incised in line with the skin incision
to expose the distal femur. Anatomic reduction of the articular
surface was achieved for intra-articular fractures (types 33-B
and 33-C). Kirschner wires were used for temporary fixation of
the fracture fragments. For extra-articular fractures, indirect
reduction was guided by fluoroscopic radiography, with con-
tinuous traction on the calf, valgus or varus stress and pointed
reduction forceps. For comminuted shaft fractures, only the
alignment on coronal and sagittal planes was restored by trac-
tion; the fracture sites were not exposed. Strong muscle tension
was noted during fracture reduction and distraction rods were
utilized when satisfactory alignment could not be achieved
with manual traction alone.

Locking compression plates (Synthes, Solothurn, Swit-
zerland) were used for internal fixation after fracture reduction
had been achieved. A plate of length that provided � 3 plate

holes proximal to the fracture was selected (Fig. 1). A submus-
cular tunnel along the femur was created using an osteotome.
The LCP was inserted through the tunnel and the level of the
distal end of the plate checked by palpation and fluoroscopy.
Locking screws were inserted to fix the distal part of plate to
the distal femur. An additional incision was made to expose the
proximal end of the plate. A conventional cortical screw was
usually inserted through the combination hole to compress the
fracture and adjust the alignment, then locking fixation screws
were inserted with insertion guides. When femoral deformity
was present and a precise fit of the LCP on bone was not
feasible, the LCP was placed on the bone and locking screws
were inserted so that the plate could function as an internal
fixator. Where deformation or a small diameter bone shaft
prevented use of proximal locking fixation screws, bio-cortical
fixation was not achievable for all screws. In these cases locking
screws were used in the two proximal holes and one cortical
screw inserted into the third hole for bio-cortical fixation. No
bone grafts were used.

On the second postoperative day, passive motion of the
ankle and knee joints was started. Active exercises (straight leg
raising and active knee flexion) were started 3 days after
surgery.

Follow-up and Evaluation
The patients were followed up 6 weeks, 3 months, 6 months, 1
year, and 2 years after surgery. At each follow-up visit, antero-
posterior and lateral radiographs of the distal femur were
taken to evaluate bone callus and fracture union by the treating
surgeon (JX) and an independent observer (WJW). Bony
union was defined as callus bridging being present for three of
four cortices on orthogonal radiographs25. Once bony union
had been achieved, the functional outcome was assessed by
measuring range of motion and determining the Hospital for
Special Surgery (HSS) score of the knee joint (1 month after
union)26. If bone union had not been confirmed by 12 weeks
after surgery, further follow-up was recommended (1 month
intervals) until radiographs showed solid continuous callus
formation. Bony union was defined as solid when cross
trabeculation was visible on anteroposterior and lateral
radiographs.

Results

The mean duration of surgery was 86 mins (range,
75–130 mins). Mean intraoperative blood loss was 120 mL

(range, 50–200 mL); no patients required blood transfusion.
Mean postoperative hospital stay was 6 days (range, 5–8 days).
Knee flexion was >70° in 13 (68%) patients before discharge
from the hospital. Callus bridging was visible in 12 (63%)
patients 6 weeks after surgery. Bony union was confirmed three
months after surgery in four fractures, four months in six
fractures, five months in seven fractures, and six months in one
fracture and seven months in another one fracture (mean, 4.4
months, Fig. 2). The callus was directly across the fracture in
15 fractures whereas external callus alone was noted with 4
fractures. At the time of bony union, the mean range of knee
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flexion was 105° (range, 90°–130°) and the mean HSS score 76
points (range, 60–93 points). There were no cases of non-
union, implant cutout or other complications.

Discussion

Our findings show that LCPs can provide stable fixation
and good functional outcomes for distal femoral frac-

tures in post-polio patients.
The incidence of fracture in aging post-polio patients

ranges from 28% to 38%; they occur predominantly on the

side of polio involvement2,10. The estimated cumulative inci-
dence of any fracture after 40 years is 48%11. Similar to previ-
ous findings11, the commonest site of fracture in post-polio
patients in our center was the distal femur and most fractures
occurred in the leg affected by polio. The high incidence of
fracture in post-polio patients may, in part, result from the
high incidence of falls during activities of daily living, which
may be as high as 64% within 1 year2 and 79%–82% over 5
years2,10. As in other published series, falls caused most of our
patients’ fractures2,4,10.

a
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Fig. 1 Distal femoral fracture in a 50-year-old woman with post-polio syndrome treated with an LCP. (a) Radiograph showing a type 32-B1

fracture and osteopenia. (b, c) Postoperative radiographs showing fixation with an LCP with four unused plate holes at the fracture site. (d, e)

Radiographs 5 months after surgery showing fracture union.
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Post-polio patients have lower bone mineral density
than subjects who have not had poliomyelitis7. Only 4% of
post-polio patients (mean age, 59 years) have normal bone
density and 40% have osteopenia10. Furthermore, the bone
mineral density in the limb affected by poliomyelitis (the
weaker and shorter limb) is characteristically less than that
in the other (stronger and longer limb)7,10, which may
help explain the higher fracture risk in the limb affected by
poliomyelitis.

The surgical treatment of distal femoral fractures of
post-polio patients is much more difficult than is fracture fixa-
tion in patients without a history of poliomyelitis. Although
our patients had weakness in the lower limbs, especially the

affected limb, we noted markedly increased tension during
traction, probably because of tissue contractures26,27. Another
difficulty was their thin cortical bone, making them at risk of
further comminution from the reduction clamps. In such
cases, intraoperative traction is helpful in improving align-
ment and reducing rotation. However, with comminuted frac-
tures, in order to minimize soft tissue stripping and disruption
of the blood supply the primary goal of reduction is functional
alignment and not anatomic reduction. Therefore, longer
operative times and greater intra-operative blood loss than is
usually expected in the general population occur22,23.

Various implants and treatment methods are available
for reduction and fixation of distal femoral fractures. Blade

a
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Fig. 2 Type 33-C1 fracture in patient with post-polio syndrome. A 50-year-old man had from polio during childhood. Fracture of his distal femur

occurred when he slipped and fell at home. (a, b) Anteroposterior and lateral radiographs showing a type 33-C1 fracture. (c) Posterior view

of three dimensional construction of the communicated fracture. (d, e) Postoperative radiographs of distal femur fracture fixed by LCP.

(f, g) Radiographs 3 months after surgery showing bone callus on the medial side of the fracture.
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plates were contraindicated in our cases because of the large
incisions they involve and their requirement for direct com-
pression of the plate on bone, which causes disruption of
the blood supply at the fracture site. Intramedullary nails,
especially those with multiple distal locking screws, do
improve stability of distal femoral fractures and require
minimal incisions28. However, these devices are relatively con-
traindicated for comminuted fractures such as intracondylar
fractures (type 33-C) or post-polio patients with deformity
and small femoral shafts and medullary cavities13–15. Further-
more, flexion contracture of the knee joint can impede
entry of nails26,27 and the osteoporosis that is so often
present in these patients7,10 may increase susceptibility to
implant cutout28.

In recent years, LCPs have been increasingly used for
treating metaphyseal comminuted fractures29. In contrast to
conventional screw-plate systems that depend on the bone-
plate interface for stability30, LCPs have been designed with a
fixed-angle construct, enabling placement of the plate without
any contact with bone23,31–33. With associated insertion guides,
these plates can be inserted and fixed by minimally invasive
techniques, as in the present cases29. These characteristics of
LCPs facilitate closed reduction of these fractures and preser-
vation of the blood supply at the fracture site. LCPs have
improved fixation strength, pull-out strength of locking screws
and purchase in osteoporotic bone23,29,31,32. Because of these
advantages, LCPs were helpful in our patients with post-polio
syndrome.

In a previous study, surgical management of 13 femoral
fractures in post-polio patients with LCPs resulted in radio-
graphic union in 12 fractures by 12 to 20 weeks after surgery
and return to the same level of disability at the end of
follow-up as before occurrence of the fracture; only one
patient had nonunion with a decreased disability score and
daily walking time24. However, some of the patients in that
previous study had proximal femoral fractures24, whereas in
the present study, we used LCPs only for distal femoral frac-
tures. In this hospital, intramedullary nails are used for proxi-
mal femoral fractures. The present results are comparable to
those of the previous study and confirmed that LCPs result in
satisfactory union and functional outcomes in post-polio
patients with distal femoral fractures24.

In the present cases, because most fracture reductions
were functional and not anatomic, bone healing was achieved
by callus formation and not by direct bony union. The theo-
retical possibility of nonunion with LCPs did not occur.
Although LCPs provide excellent stability and the procedure is
minimally invasive34, previous studies have found that these
devices are too rigid to allow for micromotion at the fracture
site in response to axial loading35,36. In a systematic review of
distal femoral fractures (excluding periprosthetic fractures)
treated with LCPs, complications included nonunion (0%–
19%), delayed union (0%–15%) and implant failure (0%–
20%)34. Although the hypovascularity of the bone and muscles
characteristic of post-polio patients potentially increases the
risk of these complications, this did not occur in the present
study. This could be attributable to the use of closed reduction
and leaving three plate holes vacant at the fracture site. Both
these measures avoid disruption of the blood supply and allow
micromotion, which stimulates callus formation. Our findings
suggest that preservation of blood supply is important when
treating distal femoral fractures in post-polio patients. More-
over, another concern is that poor bone stock quality caused by
osteoporosis can result in poor implant anchorage in the distal
femur, leading to screw cutout. In our cases, there were no
screw malpositions or cutouts or implant failure. The angular
fixation of screws with plate in LCPs used in these patients may
explain the absence of these complications.

Limitations of the present study include the small
sample size, which precluded separate analysis of the outcomes
of intra- and extra-articular fractures, and the absence of a
control group. Furthermore, comparison of these results with
previous cases that had been treated with bridge plates was not
possible because suitable previous patients and their radio-
graphs were not available.

Nevertheless, this study is helpful in confirming success-
ful treatment of distal femoral fractures in post-polio patients
by closed reduction and internal fixation with LCPs. These
fractures may be associated with difficulties in fracture reduc-
tion, risk of nonunion, bony deformity, small bones and
osteopenia. However, satisfactory outcomes were achieved by
avoiding disruption of blood supply, allowing micromotion by
not using fixation screws at the fracture site and starting early
postoperative rehabilitation.
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