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Abstract Femoral neck fracture is one of the most

common complications of hip resurfacing and considered

by some to be related to reduced blood flow as a conse-

quence of the surgical approach. We measured oxygen

concentration during hip resurfacing through the trochan-

teric flip approach (n = 15 patients) and compared this

approach with previous data for the posterior and antero-

lateral approaches. With the trochanteric flip the average

femoral oxygenation decreased during the procedure to

approximately 50% of that at the start, however it recov-

ered to starting level by the end of the procedure.

Preservation of oxygenation with the trochanteric flip was

similar to that observed with the anterolateral approach, but

with less variation during the procedure. Both of these

approaches were superior in terms of oxygenation preser-

vation to the posterior approach which resulted in a

dramatic reduction in oxygenation.

Introduction

Resurfacing hip arthroplasty is becoming a popular

alternative to THA, particularly for young active patients

[5, 14]. Successful resurfacing relies on the viability of the

bone in the remaining head and neck of the femur. The

residual bone needs to retain its load-transmitting proper-

ties for the resurfaced femur to fulfill its mechanical

function [10]. If the viability of the remaining bone is

compromised, the whole construct will be weakened and

this could contribute to early failures resulting from frac-

ture because of resorption [3, 9, 12] or later fatigue failure

resulting in femoral head collapse [3].

The most commonly used approach for resurfacing

surgery is the extended posterior approach [11]; this

approach provides good visibility for the acetabular and

femoral component preparation and implantation [13].

However, some authors report this approach leads to

compromise of the femoral head and neck blood supply

[8, 20]. The main blood supply to the head and neck is from

the deep branch of the medial femoral circumflex artery

(MFCA) [7, 21]. During resurfacing through the extended

posterior approach, the branches of the MFCA passing

along the short external rotators to the femoral head are

destroyed [20]. It also is possible to use an anterolateral

approach for resurfacing [13, 17]; this approach appears to

preserve the femoral head and neck blood supply but blood

flow in the femoral head depends on intraoperative leg

positioning [18], suggesting the branches of the MFCA are

temporarily occluded. Ganz et al. [6] advocated the tro-

chanteric flip for preserving femoral blood supply.

The majority of revisions of hip resurfacing reportedly

are attributable to atraumatic fracture of the femoral neck

[15, 16, 19, 22]. These fractures have been attributed to

devascularization-induced weakening of the bone [9]. The
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standard posterior approach for hip resurfacing reduces the

femoral head blood supply [1, 8, 20], therefore it is likely

devascularization is a result of the surgical technique.

There also is evidence the anterolateral approach leads to

less disruption of blood supply during hip resurfacing

which is explained by preservation of the deep branch of

the medial femoral circumflex artery [18].

We wished to (1) measure intraoperative femoral head

oxygenation during hip resurfacing using the trochanteric

flip and (2) compare the oxygenation with that reported in

previous studies of the posterior [20] and anterolateral [18]

approaches.

Materials and Methods

We recruited 15 patients undergoing routine metal-on-

metal hip resurfacing for primary osteoarthritis. All pro-

cedures were performed by two surgeons (DF, MN) with

the patients under spinal anesthesia. We performed the

trochanteric flip approach in each case. All patients

received the uncemented Cormet hip resurfacing prosthesis

(Corin Group Plc, Cirencester, UK). There were 10 male

and five female patients. Their mean age was 50 years

(range, 39–62 years). The preoperative diagnosis was

osteoarthritis for all but one patient; this patient had

avascular necrosis (AVN). Informed consent for partici-

pation in the study was obtained from each patient. The

study had local ethical committee approval.

The measurements from this group of patients under-

going the trochanteric flip approach were compared with

previously reported measurements made on patients

receiving hip resurfacing using the posterior [20] and the

anterolateral approaches (Table 1) [18].

We measured oxygen (O2) concentration using gas-

sensitive electrodes. The measurement principle of the

electrodes, also known as Clark electrodes [4], is based on

the electrochemical reduction of oxygen. The technique for

measuring oxygen and nitrous oxide in bone was described

previously [20], however, we will provide a brief synopsis

here.

Oxygen reduction at the surface of a silver (Ag)

measurement electrode occurs when it is polarized at -0.65 V

with respect to a reference silver/silver chloride (Ag/AgCl)

electrode; this gives rise to a current flow, which is pro-

portional to the oxygen concentration present. All the

measurement electrodes were individually calibrated pre-

operatively in a solution of phosphate-buffered normal

saline with known dissolved concentrations of O2.

We used spinal anesthesia in each case. Six patients

received an oxygen-air mix through a face mask (open

anesthetic system). The remaining nine patients received

ventilation through a laryngeal mask. In each case, constant

oxygen concentrations were maintained in the anesthetic

gas mix throughout the entire surgery.

After spinal anesthesia, the patient was positioned lat-

erally and the pelvis stabilized by a padded support. A

standard incision for a soft tissue-sparing trochanteric flip

approach was made [6]. Once the fascia lata was split, a

Kirschner (K-) wire (2.3-mm diameter) was introduced into

the femoral neck below the greater trochanter. It was

advanced up the femoral neck under fluoroscopic guidance

until the end of the wire was positioned superolaterally in

the femoral head, near the head-neck junction; the K-wire

then was removed. The resulting tunnel mouth in the cor-

tical bone was widened slightly using a drill, and a size

14 Ag measurement electrode was inserted into the femur;

this was held in place with a suture. Correct electrode

placement was confirmed fluoroscopically. An Ag/AgCl

reference electrode then was placed in the gluteus medius

muscle; this reference electrode completes the measure-

ment circuit, and it is relative to this reference that the

measurement electrodes are polarized, there is no separate

measurement made from this reference electrode. Both

electrodes were connected to a potentiostat (Model MEC

V1, optoelectronic head stage: Model MHS V1, power

supply unit: Model MPS V1; EMS, Newbury, UK), which

generated the correct polarizing voltages for the measure-

ment electrode. The connections were made using 2-m long

signal wires to reach beyond the sterile field. The data

collection system consisted of an analog to digital con-

verter (PowerLab; ADInstruments Ltd, Chalgrove, UK),

Table 1. Patients’ details

Approach Number

of patients

Gender

ratio M:F

Mean age

(years)

Age range

(years)

Diagnosis Anesthesia Ventilation

Extended posterior 15 66:33 55.8 24–70 OA (100%) General Intubation

Anterolateral 12 50:50 58 39–73 OA (100%) Spinal Face mask

Trochanteric flip 15 66:33 50 39–62 OA (93%)

AVN (7%)

Spinal Laryngeal mask (9)

Face mask (6)

OA = osteoarthritis; AVN = avascular necrosis.
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which sampled the output current at 10 Hz, connected to a

personal computer.

Baseline measures were established for oxygen in the

femoral head. The operating surgeon then continued the

standard trochanteric flip approach [6].

The split in the iliotibial band was continued distally and

proximally between the tensor fascia lata and the gluteus

maximus. The posterior border of the medius was identified

and the greater trochanteric osteotomy was marked with a

cautery. The vastus lateralis fascia then was elevated while

keeping its integrity to the trochanteric fragment. With a

thin saw blade, the trochanteric osteotomy was performed.

The vastus lateralis was elevated distally. The remainder

of the attachment of the gluteus medius was released from

the femur. The leg was flexed and externally rotated. After

exposure of the posterosuperior and anterior aspects of the

hip capsule, an incision was made along the axis of the

femoral neck. The hip was dislocated and the trochanteric

flip fragment was folded in anteriorly. Careful attention

was paid to not damage the retinacular vessels going up to

the lateral aspect of the femoral neck [2]. The resurfacing

then was performed in the normal manner.

The electrodes were removed after reattachment of the

trochanteric osteotomy. Validation measurements, relating

gas concentration to current output, were made immedi-

ately after their removal. A more complete recalibration

with three different known gas concentrations was per-

formed in the laboratory at a later stage.

The analysis was performed in an identical manner to

those in previous studies of the posterior and anterolateral

approaches to facilitate a direct comparison.

We converted the intraoperative current measurements

into oxygen concentrations on the basis of each electrode

calibration. Baseline concentrations were considered to be

the values measured immediately after electrode insertion.

The subsequent gas concentration measurements were

represented as a percentage of the baseline gas concentra-

tion; thus only changes relative to the baseline

concentration at the start of the procedure were compared.

The surgical steps were grouped in the following manner

and were used as a standardized event-based time line to

facilitate comparison between patients: (1) Start: mea-

surements were taken immediately after electrode

placement; (2) Approach: this step included the muscle/soft

tissue divisions, capsulotomy, and dislocation. The mea-

surement was made at the end of the approach; (3)

Implantation: this step included preparation of the femur

and acetabulum and insertion/fixation of the components.

The measurement was made after insertion of the second

component; and (4) End: the replaced joint was reduced

and the capsule was repaired. The measurement was made

during closure of the fascia lata.

During surgery, we placed the leg in various positions to

facilitate the different steps of the procedure. There were

five main changes in position, going from: (1) neutral with

no hip rotation and slight hip and knee flexion (Fig. 1A);

(2) hip externally rotated and flexed and knee flexed

(Fig. 1B); (3) neutral; (4) hip externally rotated and flexed

and knee flexed; and (5) neutral.

Using the Wilcoxon signed rank test, we compared the

following matched pairs of oxygen concentration at these

surgical points: Start and Approach, Approach and

Implantation, Implantation and End, and Start and End. We

then performed a subanalysis of the oxygenation changes

as a function of position to investigate the effects of the

different leg positions used during surgery. The relative

Fig. 1A–B The intraoperative photographs show (A) the neutral position and (B) the hip rotated and flexed with knee flexed position.
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oxygen concentration values recorded at the end of each

period spent with the leg in Positions 1 to 5 were analyzed

in the following pair groups using the Wilcoxon signed

rank test for matched pair analysis: Position 1 (neutral) and

Position 2 (hip rotated), Position 2 and Position 3 (neutral),

Position 3 and Position 4 (hip rotated), and Position 4 and

Position 5 (neutral). We used SPSS, version 14.0 (SPSS

Inc, Chicago, IL) for analysis.

Results

There were no surgical complications related to the oxygen

concentration measurements in the femoral head. Suc-

cessful data collection was achieved for all 15 patients.

The pattern of changes in oxygen concentration was

variable across the patient cohort. In an illustrative case for

this cohort, baseline absolute oxygen concentration at Start

in the femoral head was 22% (Fig. 2). This decreased to

approximately 16% at the time of dislocation and remained

consistent until the end of the Approach. During the fem-

oral preparation (Position 2, hip rotated), the oxygen

concentration remained at approximately 15%. Only minor

changes in femoral head oxygen concentration (± 1%)

occurred while the leg was placed in Position 3 (leg neu-

tral) and in Position 4 (hip rotated). By the End, oxygen

concentration was at approximately 15% in this patient.

Qualitatively, we observed a similar pattern of femoral

head oxygenation level changes for the entire cohort with

some variation in response between patients (Fig. 3). The

overall pattern was one of some decrease in femoral head

oxygenation from the baseline level by the end of

Approach. In all but one case, there was a decrease in

relative oxygenation concentration during the preparation

and component implantation phase (Fig. 3), the cohort

average decreased to 51% (standard deviation [SD], 35%)

relative oxygen concentration (Fig. 4); this was a reduction

(p = 0.012) compared with the value at the end of

Approach. All but two patients showed an increase in rel-

ative oxygen concentration by the End measurement

(Fig. 3), the cohort average increasing to 89% (SD, 62%)

(Fig. 4); this was an increase (p = 0.031) from the end of

Implantation, but similar to the Start.

Changes in leg position from neutral to either of the

rotated positions, Position 2 or Position 4, did not reduce

relative oxygen concentration in the femoral head. Con-

versely, straightening the leg from either of the two rotated

positions did not increase femoral head relative oxygen

concentration.

Discussion

The majority of revisions of hip resurfacing reportedly are

attributable to atraumatic fracture of the femoral neck

[15, 16, 19, 22]. These fractures have been attributed to

devascularization-induced weakening of the bone [9]. We

previously showed the extended posterior approach reduces

oxygen concentration in the femur during resurfacing; the

deep branch of the medial femoral circumflex artery is

destroyed when the extended posterior approach is used

[20]. In the current study, we determined whether the tro-

chanteric flip approach maintains oxygenation of the femur

and compared the effects of this approach with those of the

extended posterior and anterolateral approaches.

A limitation of the current study is the fact that the

ventilation method was not consistent across the entire

cohort; six patients received an oxygen-air mix through a

face mask and the remaining nine patients received venti-

lation through a laryngeal mask. However, care was taken

to ensure the oxygen concentration provided in every case

was maintained at a constant value throughout the proce-

dure. In addition the analyses were performed using

relative oxygen concentration changes, where the baseline

measurement was the concentration at the start of the

procedure for each case, and absolute oxygen concentra-

tions were not compared.

Previous studies suggest the extended posterior

approach impairs blood supply to the femoral head [1, 8,

20]. The anterolateral approach appears to preserve the

blood supply, but the oxygenation was highly dependent on

leg position during surgery [18]. Our data suggest the

trochanteric flip approach also appears to preserve the

blood supply to the femoral head, as oxygenation at the end

of the procedure did not differ from that at the start.

Comparing the current study results with those from a

previous study of posterior and anterolateral approaches

[18], clear differences between the three approaches can be

observed (Fig. 5). For the anterolateral approach and the
Fig. 2 The absolute oxygen concentrations in the femoral head

during surgery in Positions 1, 3, and 5 are shown.
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trochanteric flip approach, there was recovery of femoral

oxygenation at the end of the surgery; the anterolateral

approach the relative oxygenation showed more variation

throughout the procedure than with the trochanteric flip

approach. In contrast, the posterior approach resulted in a

dramatic reduction in femoral oxygenation. These data

support the concept that the main blood supply to the head is

from the MFCA, and this is destroyed during the posterior

approach but not with the other two approaches. During the

anterolateral approach, the oxygen tension decreased when

the hip was placed in extreme rotation and increased again

when it was returned to a more neutral position. This sug-

gests the MFCA was temporarily occluded. With the

trochanteric flip, this positional effect was not observed,

suggesting the vessels are not occluded. This difference is

probably because more external rotation is needed to gain

adequate exposure with the anterolateral approach than with

the trochanteric flip approach. It is not clear whether the

temporary decrease in oxygenation occurring during the

anterolateral approach will cause problems. It may be there

is no lasting effect as with a temporary tourniquet.

Although the trochanteric flip provides good exposure

for resurfacing, there are complications that must be con-

sidered. The most important complication is trochanteric

nonunion, which may require additional surgery. Although

the reported incidences are low, approximately 1.5% [6] in

some series, they might be higher in others. To minimize

the risk of nonunion, patients usually are restricted to

partial weightbearing for 6 weeks.

Complications of hip resurfacing such as femoral neck

fracture and AVN may be reduced by using blood supply-

conserving surgical approaches. Preservation of blood

Fig. 3 Intraoperative femoral head relative oxygenation changes for

each patient during trochanteric approach are shown. The numbers on

the curves identify individual patients (n = 15); the lines are

alternately dashed and solid for clarity. The baseline value of

oxygenation was taken as that at the start of the procedure, therefore,

all plots show 100% at the Start. The majority of traces show a

decrease in oxygenation during Implantation with a recovery at the

End.

Fig. 4 The relative femoral head oxygenation changes averaged for

the cohort (n = 15) during the trochanter flip approach and results of

the Wilcoxon signed rank test for matched pair analyses are shown

(error bars = standard deviations). The data show oxygenation

decreased during the procedure but recovered at the end.

Fig. 5 Our comparison between the trochanteric flip, anterolateral,

and posterior approaches showed the posterior approach decreased

oxygenation by the end of the procedure, in contrast to the

anterolateral and trochanteric flip approaches. The anterolateral

approach resulted in more variation of oxygenation levels during

the procedure than the trochanteric approach.
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supply also may enhance the fixation of cementless femoral

components. At the end of the procedure with the tro-

chanteric flip and anterolateral approaches, femoral head

oxygenation is the same as at the start, whereas with the

posterior approach, it is considerably worse. During sur-

gery through the trochanteric flip approach, the oxygen

concentration is more consistent than during surgery

through the anterolateral approach. The trochanteric flip

approach is blood supply-conserving and may be the

optimal approach for hip resurfacing in terms of ensuring

femoral head and neck viability and cementless femoral

fixation.
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