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ACETABULAR BLOOD FLOW DURING TOTAL HIP
ARTHROPLASTY

OBJECTIVE: To determine the immediate effect of reaming and insertion of the acetabular component with
and without cement on periacetabular blood flow during primary total hip arthroplasty (THA).

DesigN: A clinical experimental study.
SETTING: A tertiary referral and teaching hospital in Toronto.
PATIENTS: Sixteen patients (9 men, 7 women) ranging in age from 30 to 78 years and suffering from arthritis.

INTERVENTION: Elective primary THA with a cemented (8 patients) and noncemented (8 patients) acetab-
ular component. All procedures were done by a single surgeon who used a posterior approach.

MAIN ouTcOME MEASURE: Acetabular bone blood-flow measurements made with a laser Doppler flowme-
ter before reaming, after reaming and after insertion of the acetabular prosthesis.

ResuLTs: Acetabular blood flow after prosthesis insertion was decreased by 52% in the noncemented group
(p < 0.001) and 59% in the cemented group (p < 0.001) compared with baseline (prereaming) values.

ConcLusioN: The significance of these changes in periacetabular bone blood flow during THA may relate
to the extent of bony ingrowth, periprosthetic remodelling and ultimately the incidence of implant failure
because of aseptic loosening.

OgJeCTIF : Déterminer I’effet immédiat de I’alésage et de I'insertion du composant cotyloidien avec et sans
ciment sur la circulation sanguine péricotyloidienne pendant une arthroplastie totale de la hanche (ATH)
primitive.

ConcepTION : Etude clinique expérimentale.

CoNTEXTE : Hopital universitaire de référence pour soins tertiaires de Toronto.

PATIENTS : Seize patients (neuf hommes, sept femmes) agés de 30 a 78 ans et qui souffraient d’arthrite.

INTERVENTION : ATH primitive élective avec composant cotyloidien cimenté (huit patients) et non cimenté
(huit patients). Toutes les interventions ont été pratiquées par le méme chirurgien qui a utilisé une
approche postérieure.

PRINCIPALE MESURE DE RESULTATS : On a mesuré la circulation sanguine dans I’os cotyloidien au moyen d’un
débitmeétre Doppler au laser avant I’alésage, aprés I’alésage et apreés I'insertion de la prothése cotyloidienne.

RESULTATSs : La circulation sanguine cotyloidienne aprés I'insertion de la prothése a diminué de 52 % chez
les sujets qui ont regu un composant non cimenté (p < 0,001) et de 59 % chez ceux qui ont recu un
composant cimenté (p < 0,001) comparativement aux valeurs de base (avant I’alésage).

ConNcLusIoN : La signification de ces changements de circulation sanguine péricotyloidienne pendant
I’ATH peut étre liée a I’étendue de I’interposition osseuse, au remodelage périprothétique et, en fin de
compte, a I'incidence de défaillance des implants a cause d’un relachement aseptique.
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otal hip arthroplasty (THA) is
one of the commonest proce-
dures performed by orthope-
dic surgeons. Acetabular implant sta-
bility is a major determinant of the
early and long-term success of primary
THA. Historically, early stability has
been achieved with implants designed
to be inserted with cement.* Despite
improvements in component design
and cement technique, however, the
rate of loosening of the cemented ac-
etabular prosthesis continues to in-
crease after operation and remains a
major cause of THA failure.? Published
rates of cemented acetabular compo-
nent loosening range from 19% to 40%
at 10 years,® and the most recently
published 15-year follow-up reported
a loosening rate of 22% (26 of 116).*
In an attempt to improve on these
results, noncemented acetabular com-
ponents have been used for THA. Al-
though the intermediate results for
noncemented acetabular fixation are
promising,?* long-term benefits with re-
spect to loosening and osteolysis com-
pared with cemented acetabular com-
ponents have yet to be determined.
Some noncemented prostheses employ
pegs, flanges or screws for initial stabil-
ity and rely on effective interdigitation
of the surrounding bone with a porous
coating for long-term stability. After in-
sertion of the prosthesis, an inflamma-
tory response leads to a reparative phase
with bone remodelling in a process sim-
ilar to fracture healing that requires an
adequate blood supply.®
Periprosthetic bone loss is the most
common complication of both ce-
mented and noncemented THA"®”
and can lead to implant failure with
aseptic loosening.® Bone loss may oc-
cur in response to stress shielding*<°
or osteolysis with a granulomatous
membrane between the implant and
bone.* The development of osteolysis
appears to be related to a number of
factors, including the type of implant
material, the presence of cement, the
size and the volume of particulate de-
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bris, as well as to host factors such as
the effectiveness of lymphatic drainage
and histiocyte response.***? One host
factor that has not been investigated is
the periacetabular blood supply.

The purpose of this study was to
determine the immediate effect of
reaming and insertion of the acetabu-
lar component with and without ce-
ment on periacetabular blood flow
during primary THA.

METHODS

Patient selection and surgical
procedures

In this study, 16 patients underwent
16 THAs. Criteria for inclusion were
end-stage arthritis, a consistent pros-
thetic design for noncemented and ce-
mented prostheses and an identical sur-
gical exposure by a single surgeon.
Exclusion criteria included revision
arthroplasty, patients with metabolic
bone disease, prolonged steroid use or
intraoperative hemodynamic instability.
The patients were grouped into those
undergoing noncemented (8 patients
— 4 men, 4 women) and cemented (8
patients — 5 men, 3 women) THA.

The average age of those in the non-
cemented group was 49.4 years (range
from 30 to 63 years) and in the ce-
mented group 73.6 years (range from
67 to 78 years). In all patients the THA
was done for arthritis. The diagnosis of
patients in the noncemented group was
primary osteoarthritis (3), developmen-
tal hip dysplasia (3) and avascular necro-
sis (2). The diagnosis of patients in the
cemented group included primary os-
teoarthritis (6), post traumatic arthritis
(1) and rheumatoid arthritis (1). The 2
groups could not be matched for age,
diagnosis or comorbidity, so these fac-
tors were analysed separately.

All the surgical procedures were car-
ried out at a single institution by a sin-
gle surgeon. General anesthesia was
used, and the patients routinely re-
ceived preoperative intravenous antibi-

otics (cephazolin or vancomycin, 1 g).
All  procedures were performed
through a posterior approach to the hip
after a complete capsulectomy. Ream-
ing in both groups was performed con-
sistently to the level of bleeding
subchondral bone. In the cemented
group, the weight-bearing dome was
perforated approximately 8 separate
times with a 6-mm drill bit to encour-
age cement interdigitation. The nonce-
mented acetabular prostheses were all
St. Michael’s cups (Howmedica Inc.,
Limerick, Ireland), and the cemented
acetabular prostheses were all Contem-
porary cups (Howmedica Inc.).

Bone blood-flow measurement

Acetabular bone blood flow was
measured intraoperatively by the PF3
laser Doppler flowmeter (Perimed Inc.,
Jarfalla, Sweden) by placing a sterilized
standard probe perpendicular to and
directly on the bone surface. The loca-
tion of the measurement corresponded
to the 12 o’clock position on the ac-
etabular rim. This position was cleared
of just enough soft tissue to expose the
underlying bone and marked before
the first reading to ensure a consistent
measurement location over time. Mea-
surements were taken at 3 time points:
before reaming (baseline), after ream-
ing, and after insertion of the acetabu-
lar component (with or without ce-
ment). The operating surgeon was
blinded to the results of the blood-flow
data for the duration of the operation.
The laser Doppler flowmetry (LDF)
output was recorded using Perisoft
software (Perimed) on a Samsung per-
sonal computer for later analysis. After
stabilization of the LDF signal demon-
strating pulsatile bone blood flow, red
cell flux data were averaged over a 10-
second period to determine mean flow.

Hemodynamic parameters

At the beginning and end of each
surgical procedure the patient’s mean



arterial blood pressure (diastolic +
[systolic-diastolic]) was recorded.
The difference in mean arterial blood
pressure from the start to the end of
the procedure was calculated for each
patient. Any intraoperative complica-
tion, such as hemodynamic instability,
the need for blood transfusion or frac-
ture, was noted. The patient’s preop-
erative hemoglobin level and the he-
moglobin level on postoperative day 1
were recorded, and the change was
calculated for each patient. These
measurements were monitored to
identify any component of hemody-
namic instability or anemia acting as a
possible confounding variable.

Statistical analysis

All data are reported as mean (and
standard error of the mean). Acetabu-
lar bone blood-flow data were nor-
malized to pre-reaming values for
each patient, and the results for non-
cemented and cemented arthroplasties
were pooled. Analysis of variance
(ANOVA) was used to determine if
any differences existed between the
means of each group before reaming,
after reaming and after implant inser-
tion. If ANOVA was significant, the
Tukey—Kramer multiple comparisons
test was applied. Differences between
noncemented and cemented groups at
each time point were compared with
normalized data using an unpaired
t-test, with a value of p < 0.05 being
considered significant. All statistical
analysis was performed with the use
of Instat2 software (GraphPad Inc.,
London, Ont.).

RESULTS

Hemodynamic parameters
and complications

The mean arterial blood pressure
decreased with hip arthroplasty, but
there was no significant difference
(p = 0.77) in the magnitude of this de-

crease between the noncemented (23
[8] mm Hg) and cemented (20 [5]
mm Hg) groups. There was no signifi-
cant difference (p = 0.31) in the mean
preoperative hemoglobin level be-
tween the noncemented (13.2 [0.5]
g/L) and the cemented group (141
[0.7] g/L). The magnitude of the de-
crease in hemoglobin level in the non-
cemented group (35 [0.9] g/L) was
not significantly different (p = 0.24)
from that in the cemented group (24
[0.2] g/L). There were no episodes of
hemodynamic instability during any of
the operations, and no patient needed
intraoperative blood transfusion.

Acetabular blood flow

Reaming decreased acetabular
blood flow by 34% in the nonce-
mented group (p < 0.01) and 38% in
the cemented group (p < 0.01) com-
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pared with baseline values. Insertion
of the acetabular prosthesis further
decreased blood flow levels compared
with post-reaming values in both the
noncemented and cemented groups,
but this decrease was not statistically
significant (Table ). At the end of the
operation, after the prosthesis was in-
serted, acetabular blood flow was de-
creased by 52% in the noncemented
group (p < 0.001) and 59% in the ce-
mented group (p < 0.001) compared
with baseline values (Fig. 1).

Noncemented versus cemented
THA

A comparison of the relative effect
of the prostheses on acetabular blood
flow demonstrated no difference be-
tween groups. The perfusion values
were reduced to the same extent after
reaming (p = 0.76) and after prosthe-

Table |

Mean Normalized Acetabular Perfusion During Total Hip Arthroplasty

Noncemented, n=8

Cemented, n=8

Measurement time Mean (and SEM) pvalue Mean (and SEM) p value
Baseline 1.00 (0.00) na 1.00 (0.00) na
After reaming 0.66 (0.07) <0.01 0.63 (0.09) <0.01
After implant insertion 0.48 (0.08) < 0.001 0.41 (0.06) < 0.001
na = not applicable.
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FIG. 1. Normalized mean (and standard error of mean) acetabular perfusion during noncemented
(circles) and cemented (squares) total hip arthroplasty.
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sis insertion (p = 0.54).
DISCUSSION

The optimal method for fixation of
the acetabular component in THA re-
mains controversial.>** Concerns over
the long-term durability of cemented
acetabular components have con-
tributed to an increase in the use of ac-
etabular components designed to be
inserted without cement. Aseptic loos-
ening, however, persists as the most
problematic complication compromis-
ing the results of THA and leading to
implant failure.*®

Loosening may result from signifi-
cant bone loss because of bone remod-
elling or osteolysis, processes that may
in part be related to local blood supply.
The effect of acetabular reaming and
prosthesis insertion, with and without
cement, on acetabular bone blood flow
has not been previously investigated.
LDF, the method used to measure ac-
etabular blood flow in patients who un-
derwent primary THA, measures red
cell flux in a 1- to 3-mm? spherical vol-
ume around the tip of the probe.***
The selection of measurement location
was such that the volume of bone used
for measurement surrounding the
probe would not be violated by cement
interdigitation in the cemented group.
LDF has been used both experimen-
tally and clinically to provide real-time,
reproducible assessment of bone blood
flow, and its advantages include its abil-
ity to provide dynamic, in-vivo evalua-
tions without removing tissue, allow-
ing for evaluation of each step involved
in the performance of THA.***

The acetabulum is formed by in-
tramembranous ossification and has
an extensive soft-tissue and periosteal
blood supply.*” The primary blood
supply of the acetabulum, including
the weight-bearing dome, is through
the acetabular notch from the acetab-
ular branch of the obturator artery.*®
The inferior gluteal artery supplies the
posteroinferior region, and the deep
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branches of the superior gluteal artery
supply the superior region where our
measurements were taken.** Local
blood-flow changes may potentially
be an important factor in determining
long-term total hip survival by influ-
encing the amount of bony ingrowth
and resorption of acetabular peripros-
thetic bone.®

Our study found that the peri-
acetabular circulation was significantly
decreased by THA using a non-
cemented (52%) and cemented (59%)
acetabular component. Bone blood
flow is significantly decreased by ream-
ing and insertion of the prosthesis com-
pared with pre-reaming levels in both
types of procedure. A comparison of
the 2 techniques revealed no significant
difference in the vascular insult be-
tween noncemented or cemented
arthroplasty. It must be noted that
these groups were not matched for age,
diagnosis or comorbidity, which could
also affect local blood supply.

The results of our study do not al-
low us to make a determination as to
the cause of the decrease seen in peri-
acetabular blood flow. We may specu-
late, however, that in both groups the
mechanical and thermal insult of ream-
ing may inflict structural injury to sur-
rounding vessels, as well as potentially
causing a dynamic decrease in flow due
to vasospasm, embolism or thrombo-
sis. In the noncemented group, pres-
sure on the surrounding bone from a
tight-fitting component may deform
vessels or raise intravascular pressure
and impair local blood supply. In the
cemented group, the local monomer
toxicity and exothermic reaction of
methylmethacrylate may have similar
deleterious effects on local vasculature
and dynamic blood flow.

The clinical importance of the acet-
abular devascularization demonstrated
in our study relates to the effect of
blood flow on periprosthetic bone
ingrowth and remodelling.

Interdigitation of bone into the
porous surfaces of acetabular compo-

nents designed to be inserted without
cement is crucial to component stabil-
ity.® Bony ingrowth depends on blood
supply.® Conditions or treatments
known to have an adverse effect on
fracture healing, such as radiation,
nonsteroidal anti-inflammatory drugs,
and a decreased blood supply, also in-
hibit bone ingrowth.® Fink and associ-
ates* identified local blood supply as
a key factor in determining the extent
of bone formation during llizarov cal-
lus distraction of the tibia.

Also, in a morphometric study of
the vascularity of hip arthroplasty
periprosthetic tissues, Santavirta and
colleagues® discovered that vascular
injury and decreased blood supply oc-
curred at the implant-host surface,
and they implicated this as a cause of
insufficient implant osseointegration
and prosthetic loosening.

Local vascularity is also important
in the successful fixation of acetabular
cups inserted with bone cement. The
biologic response to the introduction
of methylmethacrylate into bone pro-
ceeds through 3 distinct phases. Ini-
tially, necrosis occurs, lasting up to 3
weeks, and is attributable to mechani-
cal trauma, chemical insult and ther-
mal injury from the exothermic cur-
ing reaction.® The tissue repair phase
is accomplished by granulation tissue,
leading to membrane formation and
finally mechanical stabilization.?**
These processes are necessary for ef-
fective interlocking between cement
and surrounding bone and rely on an
adequate blood supply.

Our study has a number of signifi-
cant limitations. There exist a number
of sources of variability in LDF mea-
surements, including the concentra-
tion and velocity of particles, which
may have greater importance given the
small numbers of subjects in each
group. Also, blood-flow measure-
ments were made at only one location
in the acetabulum. We chose the 12
o’clock position on the acetabulum to
correspond to the posterior-superior



quadrant described by Wasielewski and
colleagues® in 1990 for safe and secure
screw fixation of acetabular compo-
nents. Although adding more sites
may minimize variability, the added
dissection necessary to circumferen-
tially expose the acetabulum was not
surgically indicated by the procedure
and may have adversely affected local
blood flow. Further research should
incorporate multiple blood-flow mea-
surement sites to confirm that the
changes seen at this location accurately
reflect the rest of the acetabulum,
which has different primary sources of
vascular supply.

Another limitation is that the mea-
surements were made intraoperatively
and immediately after implantation.
Since operative measurements may
change over time, the duration of the
adverse effect on local vascularity should
be determined with recovery measure-
ments. More importantly, to assess the
clinical significance of the demonstrated
changes, a persistent adverse effect on
local blood flow must be demonstrated.

To the best of our knowledge, this is
the first study in which perfusion of the
acetabulum has been quantified during
noncemented and cemented THA in
humans. The results of our study
demonstrate that periacetabular circula-
tion is adversely affected after reaming
and immediately after insertion of both
noncemented and cemented acetabular
components. These changes may ulti-
mately relate to periprosthetic bone loss
and the extent of bone ingrowth.
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