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Abstract

Femoral impaction grafting is a reconstruction option
applicable to both simple and complex femoral compo-
nent revisions. It is one of the preferred techniques for
reconstructing large femoral defects when the isthmus
is non-supportive. The available level of evidence is pri-
marily derived from case series, which shows a mean
survivorship of 90.5%, with revision or re-operation as
the end-point, with an average follow-up of 11 years.
The rate of femoral fracture requiring re-operation or
revision of the component varies between several large
case series, ranging from 2.5% to 9%, with an average
of 5.4%.
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INTRODUCTION

Managing bone loss is one of the most challenging as-
pects of revision total hip arthroplasty. Femoral impaction
grafting is a technically demanding and time consuming

procedure, but if performed well, is capable of restoring
bone stock in the revision setting with high rates of graft
incorporationm. The technique was developed in Europe
in the 1980’ and populatized by the Exeter, UK group in
the early 90%. Long-term follow-up data is now available
showing excellent survivorship beyond 10 }7ears[2’3]. Ad-
vances in instrumentation, and the use of longer stems to
bypass areas of weak cortical bone distally, have reduced
the risk of stem subsidence and femoral fracture™. The
performance time and technically demanding aspects
of the operation currently limit its more widespread use
compared to other types of revision stems that rely on
biologic fixation. The long-term success of impaction
grafting ultimately depends on incorporation of particu-
late allograft into host bone. This process is characterized
by an initial inflammatory phase followed by revascular-
ization. Allograft is eventually resorbed and replaced with
new host bone by 6-12 mo after the operation.

INDICATIONS

Femoral impaction grafting is an attractive option for re-

storing femoral bone stock, especially if patients are likely
to require an additional reconstructive procedure in their
lifetime. It can be used in revisions where the intramedul-
lary canal is > 18 mm, as a fully porous coated stem in
this situation is associated with an increased incidence of
thigh pain. In femoral defects where there is not 4-6 cm
of cortical bone distally to provide scratch fit of a porous
coated stem, or the isthmus is non-supportive, femoral
impaction grafting is a viable option. If there is minimal
cancellous bone present after removal of a femoral stem,
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impaction grafting is capable of creating a neomedullary
canal that allows the use of a cemented stem with du-
rable fixation. When a stem from an ipsilateral total knee
arthroplasty prevents femoral component revision of a
hip prosthesis with a long extensively porous coated im-
plant, femoral impaction grafting is an option (Figure 1).

A continuous femoral tube must be confirmed intra-
operatively before commencing with impaction of can-
cellous bone, otherwise another technique for revision
should be considered. Segmental bone loss that can be
converted to a contained defect with metal mesh, al-
lograft struts or bulk allograft is amenable to impaction
grafting. Although not commonly used for managing
periprosthetic fracture, Tsiridis ez al® reported a fracture
union rate of 84% with 4 year follow-up when femoral
impaction grafting was used to manage Vancouver B2
and B3 fractures.

Femoral impaction grafting requires the patient to be
medically stable enough to tolerate a long operation. The
technique becomes exceptionally challenging in recon-
structions where there is near complete loss of the proxi-
mal 10 cm of the femut'”. In these situations, an allograft
prosthesis composite or megaprosthesis reconstruction
is recommended. Although femoral impaction grafting
can be used to manage infection, a two-stage operation is
generally preferred over a single-stage revision.

SURGICAL TECHNIQUE

The patient is positioned laterally on the operating table
and secured between two hip positioners, ensuring
enough space is available to dislocate the hip before prep-
ping and draping. A posterior or posterolateral approach
is preferred in all cases and can easily be extended. Previ-

ous scars in line with the planned incision are incorpo-
rated. The fascia lata is incised along the mid to postetior
portion of the femoral shaft and the gluteus maximus
bluntly dissected in line with its fibers to allow adequate
exposure of the hip joint and proximal femur. The short
external rotators and posterior hip capsule are then taken
down as a single layer to the level of the lesser trochanter
distally and repaired back to the greater trochanter with
drill holes at the conclusion of the case. The anterior cap-
sule is elevated off the femoral neck to help deliver the
femur out of the wound. The iliopsoas and the femoral
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Figure 1 63 year-old female with an infected, loose right femoral com-
ponent. A: A stem from an ipsilateral total knee arthroplasty prevented revi-
sion with a long extensively porous coated implant. A stage 1 revision was
performed with retention of the pedestal to prevent cross-contamination
followed by 6 wk of IV antibiotics with subsequent femoral impaction graft-
ing; B: With subsequent femoral impaction grafting; C: 63 year-old female 3
mo after femoral impaction grafting. Allograft struts were applied to bypass
a stress riser distally, and metal mesh was used to reconstruct the calcar.

insertion of the gluteus maximus tendon are usually tak-
en down to ensure enough soft tissue tension is released
to safely dislocate the femur without causing a fracture.
A bone hook is placed underneath the femoral neck to
lift the femoral head out of the socket instead of rotating
through the leg to perform the dislocation.

Prior to removal of the femoral component, the
surgeon should ensure enough space is cleared of soft
tissue and bone laterally between the prosthesis and the
greater trochanter to reduce the risk of femoral fracture
during stem extraction. An extended trochanteric oste-
otomy is utilized if the stem cannot be removed easily. If
a cemented stem is being revised, the cement is carefully
removed with an osteotome, high-speed burr or ultra-
sonic device. If the cement plug is well fixed and is >2
cm from the tip of the planned revision stem, it need not
be removed and can be left iz situ to occlude the femoral
canal distally.

Particulate allograft bone is the most common graft
type utilized for impaction grafting. The structural sup-
port provided by the impacted graft depends on the size
of the graft as well as how tightly the graft is packed at
the time of revision surgerym. The optimal graft size and
method of preparation is currently debated amongst
surgeons. Commercially available bone mills typically pro-
duce graft sizes of 2 to 5 mm, however some published
data suggests that larger sizes (7 to 10 mm) of graft ma-
terial provide better stabilitym. Washing the graft prior
to impaction removes fat and marrow contents, which
theoretically improves the resistance to shear stresses and
enhances frictional resistance providing a more mechani-
cally stable environment to support the prosthesis and
allow incorporation of the graft with host bone!"”. In
general, smaller pieces of bone graft are impacted distally
and larger ones used proximally at the time of recon-
struction.

A continuous femoral tube must be confirmed intra-
operatively before commencing with impaction of bone
graft. This starts with assessing the size and location
of femoral endosteal and cortical bone loss from pre-
operative radiographs. Areas of cortical bone destruction
around the tip of the stem to be revised deserve close
attention. These are frequently the site and cause of
femoral fractures'™ and the surgeon should attempt to
bypass these defects by two cortical diameters at the time

January 18,2013 | Volume 4 | Issuel |



of impaction grafting. Otherwise these areas should be
reinforced with allograft struts or plate fixation. Fractures
have occurred through these stress risers when reinforce-
ment with only metal mesh or cerclage wires was per-
formed". Prophylactic cerclage wires should also be used
liberally to reinforce weak areas of cortical bone.

A threaded distal intramedullary plug is placed 2 cm
beyond the tip of the planned revision stem whose length
and offset are determined from templating pre-operative
radiographs. A central guidewire is screwed into the oc-
clusion plug through which cannulated instruments are
advanced to impact bone graft with a slotted mallet. The
largest phantom (femoral stem shaped bone tamp) that
passes through the canal without impinging distally with
the appropriate offset is selected. Next, a series of distal
impactors are chosen and marked according to the depth
to which they should be advanced. Impaction of bone
graft starts distally and advances proximally until the fe-
mur is backfilled to the mid-portion of the diaphysis. The
phantom is then used to impact bone graft while being
sure the desired amount of anteversion is reproduced
with each sequential impaction. Graft impaction contin-
ues until there is enough axial and rotational stability of
the phantom to allow a trail reduction. Metal mesh and
cerclage wires are then used to reconstruct the proximal
femur. The phantom is left it place and then larger bone
graft pieces impacted around the phantom with proximal
tamping instruments. The phantom should be difficult
to remove at the conclusion of graft impaction and axial
and rotational stability achieved.

The canal is then dried with a suction device that
threads into the phantom and a collatless, polished, ta-
pered femoral stem cemented in place. The distal aspect
of the neomedullary tube takes the shape of a thin cone,
which requires the cement to be inserted with a low
enough viscosity to squeeze through a narrow tipped
nozzle.

After the cementation is complete and the femoral
head reduced, the wound is copiously irrigated and the
short external rotators and hip capsule repaired back to
the proximal femur through drill holes with a heavy non-
absorbable braided suture.

Deep drains are utilized, and the incision is closed in
layers in routine fashion.

POST-OPERATIVE CARE

Total hip precautions are instituted after surgery and start
with a hip abduction pillow placed between both lower
extremities at the conclusion of the operation. Radio-

graphs are taken shortly after surgery to assess whether
there ate any areas of cortical bone that may be deemed
high risk for a post-operative fracture and to confirm
there are no complications that would require early return
to the operating room. Patients are frequently fitted for
an abduction orthosis limiting hip flexion greater than 70
degrees to decrease torsional forces on the femoral stem
and decrease the risk of implant loosening. The patient is
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mobilized on the first post-operative day and is toe touch
weight bearing for 6 wk followed by gradual advance-
ment of weight bearing to tolerance.

If the indication for femoral impaction grafting is
primarily to reconstitute cancellous bone loss and corti-
cal bone is otherwise structurally intact, it is reasonable
to allow weight bearing to tolerance in the acute peri-
operative period. The hospital stay varies amongst differ-
ent countries, but in the United States patients usually are
discharged after 3 d. The patient returns for follow-up at
6 wk, 12 wk, 6 mo, 1 year and then every 2 years for clini-
cal and radiographic surveillance.

OUTCOMES

The long-term survivorship of the prosthesis depends
on the success of graft incorporation. Ling ez al'! per-

formed histological analysis following post-mortem re-
trieval of revisions utilizing femoral impaction grafting,
The authors described three zones of different cellular
morphology and activity: A “deep zone” adjacent to the
implant contained necrotic bone encased by cement, an
“interface zone” consisted of osteoid in direct contact
with methyl methacrylate and scattered giant cells. There
was no evidence of viable mineralized bone in direct
contact with cement in this zone. The “outer zone”, or
regenerated cortical zone, was composed of normal cor-
tical bone, fatty bone marrow and a few contained ateas
of dead bone.

Histology from biopsy specimens taken at multiple
time points over a 4 year period from 19 patients who un-
derwent revision surgery with femoral impaction grafting
showed a cellular response characterized by infiltration of
fibrous tissue into impacted bone graft with new periph-
erally located bone formation by one year. Reabsorption
of bone graft however can take years to complete. Areas
of necrotic bone were identified adjacent to well-fixed
stems at 4 years from the time of revision surgerym].

Halliday ¢# /" reported 90.5% survivorship of 226
hips with re-operation as the end point with 10-11 year
follow-up using the Universal Exeter stem in all cases.
Femoral fracture was the most common indication for
re-operation in this series. The authors reported 17 (7.5%0)
intra-operative femoral fractures. Eight of these were
managed at the time of the initial procedure without re-
quiring further surgery. The reported rate of revision for
aseptic loosening for any cause after the initial procedure
was 7%. The authors noted poor quality bone around the
tip of the femoral stem probably predisposed some pa-
tients to femoral fractures. This led the group to modify
their technique by using longer femoral stems for most
revision cases and the development of instrumentation
that permits impaction grafting along the entire length of
the stem to bypass these inherently weak areas of femo-
ral cortical bone.

Lamberton ¢/ a/” found a 84.2% 10 year survival
rate in their cohort of 487 patients treated with femoral
impaction grafting with revision for any reason as the
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Table 1 Summary of survivorship data and rates of complications for femoral impaction grafting

Ref. No. of femoral Average follow-up Outcome measures Survivorship  Rate of femoral Rate of infection
impaction grafting cases (yr) fracture
Lamberton et al® 540 10 Revision 84.2% 5.4% 3.9%
Schreurs et al” 33 10.4 Revision 100% 9% 0.0%
Halliday ef al! 226 10 Re-operation 90.5% 7.5% 2.2%
Ornstein et al™ 1305 15 Revision 94% 2.5% 1.4%
Wraighte et al™ 75 10.5 Revision 92% 2.6% 1.3%
Sierra et al™ 42 10 Re-operation 82% 4.7% 4.8%
Summary 2221 11 Re-operation (including revision) 90.5% 5.3% 2.3%
primary end-point. With aseptic loosening as the end- reported only mild pain.

point, the 10-year survival rate was 98%. The most com-
mon intra-operative complication was perforation of the
femoral shaft (8.5%). Other intra-operative complications
included fracture of the greater trochanter (3.5%), cal-
car (5.9%) and femoral shaft (1.9%). The authors used
supplemental fixation in the form of cerclage wires,
cables, cortical strut allograft, metallic mesh or dynamic
comptession plating in 56% of the 540 revisions in their
series of 487 patients. 36% of the 540 revisions required
the use of 2 or more types of reinforcement to manage
deficient bone stock to make impaction grafting feasible.
The post-operative rate of femoral fracture was 5.4%.

A retrospective review of the Swedish National Joint
Registry!” revealed 1305 cases of femoral impaction
grafting in 1188 patients with a mean age of 71 years at
the time of revision surgery. Kaplan-Meier survivorship at
15 years was 94% considering all causes of failure. There
was no difference in survivorship of the femoral compo-
nent with respect to age or gender in the study group. The
authors found centers where over 100 cases of femoral
impaction grafting were performed had better outcomes.
Interestingly, there was not difference in the rate of sutrvi-
vorship in revisions using a long stemmed femoral com-
ponent over a shorter stem. The majority of complica-
tions requiring revision after the initial femoral impaction
grafting procedure occurred within four years. Infection
and femoral fracture were the most common complica-
tions (47.5%), while aseptic loosening (15.7%) and subsid-
ence (18.6%) wete also cited as causes of failure.

Wraighte ef @/ retrospectively reviewed 75 patients
who wete treated with femoral impaction grafting and
reported a 92% survivorship with revision for any reason
as the end-point with a mean follow-up of 10.5 years.
Intra-operative fracture was associated with an increased
risk of post-operative subsidence of the femoral compo-
nent. The median subsidence of the femoral stem was 2
mm at 1 year and 10-year follow-up. Femurs with greater
pre-operative bone loss were at higher risk of subsidence
after impaction grafting. The data from the study group
however showed no association between long-term clini-
cal outcome and subsidence of the femoral component.
Patients being re-revised for infection were more prone
to complications than patients being managed for aseptic
loosening with impaction grafting. The median Harris
Hip score was 80.6 at the mean follow-up duration of
10.5 years and 88% of patients were either pain free or
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Sierra er al" retrospectively reviewed 567 cases of
femoral impaction grafting from the Princess Elizabeth
Orthopaedic Centre at Royal Devon and Exeter Hos-
pital in Exeter, United Kingdom to determine the rate
of post-operative periprosthetic fracture using a long
stemmed (> 220 mm) femoral component. They estab-
lished a cohort of 40 patients in whom 42 revisions were
performed with a long stemmed femoral component and
had a minimum follow-up of 5 years. The average age of
their study group was 73.8 years. They found a substantial
post-operative surgical complication rate of 33%, but
only 2 of the 42 cases (4.7%) resulted in post-operative
femoral fracture. The survival rate at 5 and 10 years with
re-operation of the femur for any reason was 82%.

Schreurs ef al” reported 100% survivorship of 33
femoral revisions managed with impaction grafting at a
mean of 10.4 years with revision of the femoral compo-
nent as the end-point. Three femoral fractures occurred
post-operatively at three, six and twenty two months and
successfully treated with open reduction and internal fixa-
tion. This decreased the survivorship to 85% at nine years
with re-operation for any reason as the end-point. These
fractures occurred at the tip of the stem where a segmen-
tal defect existed at the time of impaction grafting. In
one case it was reinforced with metal mesh at the time of
the initial procedure, and not reinforced in the other two.
Two of the three post-operative fractures resulted from
a fall and the other occurred unexpectedly. Three intra-
operative complications resulted in femoral fracture that
were not identified at the time of surgery, but successfully
healed without an additional operation. Subsidence of the
femoral stem within the cement mantle was common and
averaged 3 mm over the case series. The largest change in
stem position occurred within the first six months after
impaction grafting, Interestingly, subsidence did not del-
eteriously affect Harris Hip scores. Seven patients with an
average Harris Hip scores of 85 points, developed sub-
sidence of the femoral stem within the cement mantle >
5 mm.

In conclusion, Femoral impaction grafting is primarily
indicated for restoring bone stock in patients who require
reconstruction of the femoral component, and for type
IV femoral defects where the isthmus is not capable of
supporting an implant that relies on biologic fixation.
There are concerns about the risk of iatrogenic fracture
both intra-operatively and post-operatively as well as
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subsidence!”. The procedure is technically challenging
and time consuming. Femoral impaction grafting is not
suitable for patients who are medically unable to tolerate
a long procedure, or where an intact femoral tube cannot
be restored. Despite the potential drawbacks of impac-
tion grafting, this technique is associated with high survi-
vorship rates at ten-year follow-up (Table 1), and repre-
sents a viable option when an extensively porous coated

stem cannot be used.
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