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BLOOD FLOW CHANGES TO THE PROXIMAL FEMUR
DURING TOTAL HIP ARTHROPLASTY
Thomas M. Hupel, MD; Emil H. Schemitsch, MD; Sergei A. Aksenov, MD; James P. Waddell, MD
OBJECTIVE: To determine the changes in perfusion to the proximal femur that occur during cemented and
uncemented total hip arthroplasty (THA).
DESIGN: Case series.
SETTING: A single tertiary-care centre.
PATIENTS: Twenty-two consecutive patients. Those who had undergone previous hip surgery or received
systemic corticosteroid therapy were excluded.
INTERVENTION: Cemented (11 procedures) or uncemented (12 procedures) THA.
MAIN OUTCOME MEASURE: Changes in blood flow at the level of the proximal femur, measured with laser
Doppler flowmetry at 4 different times during THA.
RESULTS: In both the cemented and the uncemented procedure overall proximal femoral blood flow was
reduced (p = 0.002, p = 0.008, respectively). A greater reduction in overall proximal femoral perfusion was
seen in the cemented group compared with the uncemented group (p = 0.004). This greater reduction in
perfusion was seen primarily in the proximal femoral diaphysis (p = 0.004).
CONCLUSION: The extensive canal preparation involved with the cemented procedure or the introduction
of bone cement under pressure into the femoral canal may contribute to the greater reduction in perfusion
to the proximal femur.
OBJECTIF : Déterminer les changements de la perfusion du fémur proximal qui se produisent pendant une
arthroplastie totale de la hanche (ATH) cimentée et non cimentée.
CONCEPTION : Série de cas.
CONTEXTE : Un seul centre de soins tertiaires.
PATIENTS : Vingt-deux patients consécutifs. On a exclu ceux qui avaient déjà subi une intervention chirurgicale à la hanche ou qui recevaient une thérapie systémique aux corticostéroïdes.
INTERVENTION : ATH cimentée (11 interventions) ou non cimentée (12 interventions).
PRINCIPALES MESURES DE RÉSULTATS : Changement du débit sanguin au niveau du fémur proximal, mesuré
par débitmétrie Doppler laser à quatre moments différents au cours de l’ATH.
RÉSULTATS : Au cours des deux interventions, cimentée et non cimentée, le débit sanguin global dans le
fémur proximal a diminué (p = 0,002, p = 0,008 respectivement). On a constaté une réduction plus importante de la perfusion globale du fémur proximal chez les sujets qui ont subi une arthroplastie cimentée
comparativement à ceux de l’autre groupe (p = 0,004). Cette réduction plus importante de la perfusion a
été constatée principalement dans la diaphyse du fémur proximal (p = 0,004).
CONCLUSION : La préparation importante du canal nécessaire dans le cas de l’intervention cimentée ou
l’introduction de ciment osseux sous pression dans le canal fémoral peuvent contribuer à réduire davantage
la perfusion du fémur proximal.
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nsertion of cemented and uncemented femoral prostheses requires extensive preparation of
the proximal femur before implantation. Little attention has been focused
on the blood-flow changes that occur
at the proximal femur during total hip
arthroplasty (THA). Most of the
literature pertaining to the effects of
intramedullary devices on bone blood
flow is found in relation to long bone
fracture management with intramedullary nails.1–5 The purpose of the
present study is to quantify the
changes in perfusion to the proximal
femur during cemented and uncemented THA.

MATERIALS AND METHODS
Patient characteristics
and surgical procedures
The study population comprised
22 patients in whom 23 primary hip
arthroplasties were performed. Informed consent was obtained from patients who underwent perfusion measurements. Exclusion criteria included
previous hip surgery, current systemic
corticosteroid therapy and the absence
of informed consent. Eleven cemented
THAs were performed in 10 patients
whose mean age was 68 years (range
from 26 to 84 years). The diagnoses in
this group of patients included primary
osteoarthritis (8 hips), osteoarthritis
secondary to developmental dysplasia
of the hip (1 hip) and rheumatoid
arthritis (2 hips). Twelve uncemented
THAs were performed in 12 patients
whose mean age was 51 years (range
from 36 to 68 years). Diagnoses in the
uncemented group included primary
osteoarthritis (8 hips), osteoarthritis
secondary to developmental dysplasia
of the hip (2 hips) and osteoarthritis
secondary to avascular necrosis of the
femoral head (2 hips).
All surgical procedures were performed under general anesthesia, and
all patients received intravenous an360
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tibiotic prophylaxis (either cephazolin, 1 g, or vancomycin, 1 g) before
skin incision. All procedures were performed by the senior author (J.P.W.)
through a standard posterior approach. Canal preparation before insertion of the uncemented components consisted of intramedullary
canal reaming and sequential broaching. The uncemented femoral stem
was Madreporic-coated and achieved
fixation by filling the femoral metaphysis (St. Michael’s Hip; Howmedica,
Rutherford, NJ). Canal preparation
for the cemented component included
reaming of the endosteal cortex followed by sequential broaching. The
canal was cleared of any loose cancellous fragments, and a distal intramedullary plug was inserted. Before
the cement was introduced, the canal
was irrigated by pulsatile lavage and
dried in standard fashion. The cement
was routinely introduced in a retrograde fashion through a cement gun
with pressurization. A single design
was used for the cemented femoral
component (Contemporary; Howmedica).
Bone blood flow
Bone blood flow was measured
with use of the PF3 laser Doppler
flowmeter (Perimed, Jarfalla, Sweden). Perfusion was assessed by placing the standard laser Doppler probe
directly on the bone surface. Sites of
perfusion measurement included the
greater trochanter, the medial calcar
and the posterior cortex of the femoral
shaft 5 cm distal to the vastus lateralis
ridge. Perfusion was measured immediately after posterior dislocation, after osteotomy of the femoral head and
neck, after canal preparation, and after
insertion of the femoral component.
The operating surgeon was blind to
the laser Doppler flowmetry (LDF)
output throughout the surgical procedure. The LDF output or perfusion
units (PUs) were recorded and later

analysed with the use of Perisoft software (Perimed, Jarfalla, Sweden) on a
personal computer (NoteMaster
486P, Samsung SDS America, San
Jose, Calif.).
Blood pressure and hemoglobin
For each patient, blood pressure
was monitored throughout the surgical procedure and was recorded for
each perfusion measurement. Mean
arterial blood pressure was calculated
mathematically according to the formula: diastolic pressure + one-third
of the pulse pressure (systolic – diastolic pressure). For each patient the
hemoglobin level was determined
preoperatively as well as on postoperative day 1.
Statistical analysis
Osseous perfusion values were normalized relative to the initial blood
flow values, after posterior dislocation
of the hip. The dislocation was required in order to expose the medial
calcar for placement of the LDF probe
directly on the bone surface. Overall
proximal femoral blood flow represented the mean LDF output over the
3 sites measured. The mean and the
corresponding standard error of the
mean were determined for overall and
site-specific perfusion at each time interval. For between-group comparisons, the mean blood pressure at the
conclusion of the surgical procedure
was normalized relative to the initial
mean blood pressure. Similarly, the
hemoglobin level on postoperative
day 1 was normalized relative to the
preoperative hemoglobin. Statistical
comparisons within and between
groups were performed using paired
and nonpaired t-tests respectively. Differences were considered significant at
a probability value of less than 0.05.
Statistics were calculated on a personal
computer (NoteMaster 486P, Samsung SDS America Inc.) using the Ex-

FEMORAL BLOOD FLOW CHANGES IN HIP ARTHROPLASTY

cel 5.0 database and statistical software (Microsoft Corp.).

RESULTS
Uncemented THA
At the conclusion of the surgical
procedure, overall proximal femoral
blood flow was reduced by 39% compared with the initial postosteotomy
perfusion values (p = 0.008) (Fig. 1).
Stepwise analysis demonstrated that
overall perfusion was reduced most
significantly after osteotomy (p =
0.037). After osteotomy, no further
significant reduction in blood flow occurred after canal broaching (p = 0.35)
or after insertion of the uncemented
femoral prosthesis (p = 0.38). Sitespecific analysis of perfusion demonstrated that at the conclusion of the
surgical procedure, blood flow was reduced significantly, relative to the initial perfusion measurement, at the
greater trochanter (p = 0.03) and at
the medial calcar (p = 0.001) (Fig. 2).
Cemented THA
After insertion of the cemented
femoral component, overall proximal
femoral perfusion was reduced by 70%
(p = 0.002) (Figs. 3 and 4). Similar to

the uncemented procedure, a reduction in blood flow occurred after osteotomy of the femoral neck (p =
0.02). Relative to the values after osteotomy, a further reduction in overall proximal femoral perfusion was
seen after insertion of the femoral
stem (p = 0.016). At the conclusion of
the surgical procedure, site-specific
analysis of perfusion demonstrated a
significant reduction of perfusion at
the calcar (p = 0.046) and at the proximal femoral shaft (p = 0.02). Perfusion was also reduced at the greater
trochanter and this change in perfusion approached statistical significance
(p = 0.06) (Fig. 4).
Uncemented versus cemented THA
Direct comparison of the 2 techniques revealed that perfusion values
were reduced to the same extent after
osteotomy (p = 0.18). After reaming
and canal preparation, perfusion was
decreased to a greater extent in the cemented group, but this difference did
not reach statistical significance (p =
0.08). At the conclusion of the surgical
procedure, however, overall proximal
femoral blood flow was reduced to a
significantly greater extent in the patients who had cemented femoral fixation (p = 0.004). Site-specific analysis

FIG. 1. Changes to overall proximal femoral perfusion during the performance of uncemented total hip arthroplasty.

demonstrated that, at the conclusion of
the surgical procedure, blood flow was
decreased to the same extent at the
greater trochanter (p = 0.45) and at the
calcar (p = 0.15). A greater reduction
of perfusion occurred in the proximal
shaft (p = 0.001) in the cemented
group (Fig. 5).
Mean blood pressure, hemoglobin
and complications
During the surgical procedure the
mean (and SEM) elapsed time between the first and the last perfusion
measurements was 28.7 (4.4) minutes
and 39.3 (7.4) minutes for the uncemented and the cemented procedures,
respectively (p = 0.0007). For the uncemented group the mean blood pressure was 92 (17) mm Hg and 75 (16)
mm Hg at the time of the first and the
last perfusion measurements, respectively (p = 0.01). Similarly, for the cemented group, the mean blood pressure was 91.8 (14) mm Hg and 78
(11) mm Hg at the first and the last
perfusion measurements, respectively
(p = 0.001). Mean blood pressure decreased to the same extent in both
groups of patients (p = 0.40). For the
uncemented group, the hemoglobin
level was reduced after the surgery
(mean [and SEM] preoperative hemo-

FIG. 2. Changes of perfusion to the specific sites of measurement after uncemented total hip arthroplasty. White bars = before osteotomy, black bars
= after implantation, GT = greater trochanter.
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globin 136 [13] g/L) compared with
the level on postoperative day 1 (98
[14] g/L, p = 0.00002). Similarly, the
hemoglobin level also decreased in the
cemented group (preoperatively, 131
[21] g/L, postoperative day 1, 92
[18] g/L, p = 0.002). The decrease in
hemoglobin was similar in both
groups (p = 0.46). No patient required blood transfusion intraoperatively, and no intraoperative complications, including fracture of the
femoral shaft, occurred.

DISCUSSION
LDF was used to measure proximal
femoral blood flow in patients who
underwent primary cemented or uncemented THA. Perfusion of a number of soft-tissue types and bone has
been assessed by LDF in both experimental and clinical situations.5–11 LDF
is minimally invasive, nondestructive
and does not require removal of tissue. At the same time, it is the only
in vivo method that provides repeatable, instantaneous determinations of
blood flow, making it possible to evaluate the effect of each of the steps
involved in the performance of
THA.5,7,12–14
The results of this study demonstrate that the circulation to the proxi-

mal femur is significantly altered after
insertion of an uncemented or a cemented femoral stem. After insertion
of an uncemented stem there is an
overall reduction in perfusion to the
proximal femur. In this study, blood
flow was reduced most significantly in
the area of the medial calcar and the
greater trochanter whereas the perfusion to the proximal femoral diaphysis
remained unaltered. Overall proximal
femoral perfusion was also significantly reduced after insertion of a cemented femoral prosthesis. Perfusion
was affected at all 3 sites measured, including the greater trochanter, the
medial calcar and the proximal
femoral diaphysis. At the conclusion
of the surgical procedure, overall
proximal femur perfusion was reduced
to a greater extent when a cemented
THA had been done. Site specifically,
perfusion was affected similarly in
both groups, except that the reduction was greater in the area of the
proximal shaft in the cemented procedure.
A number of factors have been
shown to affect the LDF output signal of the standard LDF probe. They
include the concentration and velocity
of moving particles, which in turn are
related to the systemic patient parameters of hemoglobin and blood pres-

FIG. 3. Changes to overall proximal femoral perfusion during cemented total hip arthroplasty.
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sure.12,14,15 For both groups of patients,
the mean arterial blood pressure and
the hemoglobin level were reduced after the procedure. These parameters
were reduced to the same extent in
both groups. The differences observed
in proximal femoral perfusion were
therefore not related to differences in
systemic parameters.
Osseous perfusion may also be affected by the maintenance of general
anesthesia. In a canine model, McGrory and colleagues16 demonstrated
that bone blood flow decreased over
time in an anesthetized dog, even in
the absence of surgical intervention. If
a similar mechanism was responsible
for the reduction in proximal femoral
perfusion observed in the present
study, blood flow should have been
reduced at all 3 sites, in both groups
of patients. This was not the case,
since perfusion to the proximal shaft
area in the uncemented group was unaltered after the surgical procedure.
The preoperative diagnoses were
similar in the 2 patient groups, but the
mean age and the duration of the surgical procedure differed. The patients
who had uncemented THA were
younger than those who had cemented THA. Insertion of the uncemented components required less operative time than did the cemented

FIG. 4. Changes of perfusion to the specific sites of measurement after cemented total hip arthroplasty. White bars = before osteotomy, black bars =
after implantation, GT = greater trochanter.
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procedure. It is possible that this factor contributed to the differences in
blood flow observed between the 2
groups. Alternatively, the differences
may be attributed to variations in the
techniques required for insertion of
the uncemented versus the cemented
component.
Rhinelander and colleagues, in a series of elegant microangiopathic studies of canine femora, demonstrated
qualitatively the pattern of resting vascularization of the proximal femur and
the changes that occur after intramedullary reaming alone, and after
reaming and acrylic cement insertion.
These studies revealed that the “resting circulation” consists of small
metaphyseal vessels that anastomose
with larger, dominant medullary arteries derived from the nutrient artery
system. After medullary reaming
alone, a disturbance of the nutrient
artery system occurred, resulting in
devascularization of a large area of
the proximal diaphyseal cortex. After
6 months, revascularization was reestablished. In contrast, after reaming
and acrylic cement insertion, extensive
devascularized areas were still present
after 1 year.17 Quantitative microan-

giographic and histomorphometric
studies in goat femora, after cemented
and uncemented THA, demonstrated
that the inner one-third of the proximal diaphysis becomes avascular after
the procedures. Revascularization and
subsequent new bone formation occurred earlier in the uncemented
group.18 Sund and Rosenquist19 also
demonstrated that implantation of
polymethylmethacrylate into the rat
femoral diaphysis caused a greater vascular disturbance than removal of the
bone marrow alone.
In our study, femoral osteotomy
resulted in a decrease in perfusion to
the proximal femur in both groups of
patients. The effect of posterior dislocation of the hip on proximal femoral
perfusion could not be determined
because perfusion to the medial calcar
could not be measured when the hip
was in a reduced position. The greater
reduction in blood flow to the proximal femoral diaphysis after cemented
THA, seen in our study, may be related to the introduction of polymethylmethacrylate under pressure
into the femoral canal.
The results of this study demonstrate that the circulation of the proxi-

mal femur is affected during the insertion of both cemented and uncemented femoral components. A limitation of the present study is the
restriction of blood flow data to the
immediate operative period. Future
directions involve developing animal
models to study the long-term
changes in perfusion to the proximal
femur, and the resulting bone histomorphometry, after THA.
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