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Abstract.
BACKGROUND: Vascularized bone grafting was used in the treatment of osteonecrosis femoral head, which may directly
influence the pathologic event of femoral head.
OBJECTIVE: This paper evaluates hemodynamic changes in osteonecrosis treatment of the femoral head (ONFH) with iliac
bone flaps from the lateral femoral circumflex artery ascending branches via digital subtraction angiography.
METHODS: A total of 48 patients, (31 males and 17 females; 38 at stage II and 10 at stage III), were treated with iliac
bone flaps pedicled with the ascending branch of the lateral femoral circumflex artery. DSA was performed on all 48 patients
preoperatively and 6 months postoperatively, and 10 years postoperatively on 1 patient.
RESULTS: Six months after surgery, femoral head blood supplies were distinctly visualized in the selective DSA in 44 cases.
4 patients showed poor or failed vessel pedicle filling in the transplanted bone flaps. Total hip arthroplasty was performed on
these 4 patients. DSA was conducted 10 years post-operation in 1 case; the subject showed normal blood supply of the femoral
head.
CONCLUSIONS: The anatomical position of the ascending branch of the lateral femoral circumflex artery was constant.
Digital subtraction angiography successfully examined hemodynamic changes in osteonecrosis treatment of the femoral head
with vascularized bone flaps.
Keywords: Femoral head necrosis, digital subtraction angiography, bone remodelling

1. Introduction
Osteonecrosis of the femoral head (ONFH) is a common disease; typical symptoms include a decrease in blood flow to the femoral head, and collapse of the articular surface. A variety of factors have
been identified as risk factors for ONFH, but the etiology and pathogenesis still remains unclear [1–7].
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Table 1
Properative patient demographics
No. of patients (M/F) 48 (31/17)
Mean age (range), y 37.3 (20–54)
Etiology (No. of hips)
Corticosteroids, No. 26
Alcohol, No. 10
Post-trauma, No. 10
Other causes, No. 2
ARCO stage
Stage II 38
Stage III 10
Abbreviation: ARCO, Association
Research Circulation Osseous.

ONFH tends to affect younger patients; therefore, various head-preserving procedures have been used
to delay the progression of the disease and provide pain relief to avert or delay total hip arthroplasty
(THA) [8–13]. Femoral head sparing procedures (FHSP) include core decompression (CD), different
bone grafting procedures, and/or biologic agents and rotational osteotomies. Non-vascularised bone
grafting from different sources have been used to fill the necrotic area in the femoral head and provide structural support to the subchondral bone and articular cartilage, thereby preventing collapse during mechanism repair [14,15]. Vascularized bone grafting include the fibula [16] and iliac crest bone
block transfer [17–20]. Currently, there is no consensus regarding the treatment of the different stages of
ONFH to reliably prevent ONFH progression. Good results were obtained in 94% of patients younger
than 45 years with Ficat and Arlet Stage II osteonecrosis of the femoral head [21]. However, digital subtraction angiography (DSA) was selected in this study to evaluate hemodynamic changes after femoral
head osteonecrosis treatment (ONFH) with the ascending branch of lateral femoral circumflex artery
bone flaps.

2. Materials and methods
2.1. Patients
We retrospectively reviewed clinical data for 48 consecutive patients diagnosed with segmental
femoral head necrosis who received treatment at the Affiliated ZhongShan Hospital of Dalian University
between 1998 and 2008. The same surgeon operated on all patients (DWZ). These 48 patients included
31 males and 17 females between the ages of 20 and 54 (mean, 37.3 years). According to the ARCO
classification, 38 were stage II and 10 were stage III. The etiological causes of osteonecrosis were steroid
use in 26 patients, alcohol abuse in 10 patients, post-traumatic osteonecrosis in 10 patients, and other
causes in 2 patients. Preoperative Harris hip scores ranged from 45 to 75 (mean, 56.0), as shown in
Table 1.
2.2. Materials
Materials included a DSA system (Digital Fluorikon 5000, General Electric Co.), a 4 French tight
J-curved Simmons 80-cm catheter, a 19-gauge extra-thin-wall Seldinger needle, and a J/Straight floppy
125-cm guidewire.
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Fig. 1. The illustration shows the location of the 12-cm
double curve incision. It was 4 cm proximal to the anterosuperior iliac spine.
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Fig. 2. The illustration shows a vascularised bone block,
based on the ascending branch of the lateral femoral circumflex vessels.

2.3. Methods
2.3.1. Operation method
All patients were treated with iliac bone flaps pedicled with the ascending branch of the lateral femoral
circumflex artery. Figures 1 and 2 show the process.
2.3.2. DSA Method: Digital subtraction angiography of the femoral head using the Seldinger technique
Paracentesis was performed from the normal-side femoral artery by inserting a 3-5F c-curved Simmons 80-cm catheter into the external iliac artery of the affected side and selection of the lateral femoral
circumflex artery and the medial femoral circumflex artery. Before this, 8 mL of iohexol at 4 mL/sec and
300 kpa pressure was injected; orthotope and double-sided oblique-position X-ray films were obtained.
The vessel visualization, blood distribution, and staining of the affected femoral head were observed.
Selective DSA was performed on all 48 patients before operation and 6 months to 10 years postoperatively (mean 4.5 years). Selective DSA was performed in 1 of the 48 patients 10 years after the
operation.

3. Results
DSA was performed on all 48 patients successfully, both preoperatively and postoperatively. Preoperative results demonstrated abnormal vascularisation in all 48 patients, extenuation breaks in the supraretinaculum arteries, and the loss of normal appearance, including diminished arteries. These diminished arteries were likely due to small artery revascularization. Hips (ARCO II, III) displayed abnormal
femoral head venous return and showed color anomalies or time delays in different femoral head fields
in the parenchyma period. The venous tributary decrease in the venous phase and slow movement of the
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contrast media was also accompanied by contrast media siltation. These observations demonstrate that
the femoral head blood supply had predominantly been lost.
Selective DSA showed that the lateral femoral circumflex artery site was constant. The lateral femoral
circumflex artery’s ascending, transverse, and descending branches had sharp positions without large
variations. The outside diameter of the ascending ramus origin part was 3.2 ± 0.9 mm, and its length
was 8.5 ± 3.1 cm.
From six months after the operation, the ramus ascendens arteriae circumflexae femoris lateralis and
the following veins were distinctly visualized in the selective DSA; the femoral head staining fields were
enlarged while the staining time shortened. The number of blood vessels per unit area increased. Venous
return visualization was faster after the operation than before, and it showed obvious improvements.
These results demonstrate that the femoral head blood supply was reversing to a more normal state after
the operation. Microcirculation was restored six month postoperatively. Selective DSA was performed in
1 patient 10 years after the operation; the results showed satisfactory filling. In 4 patients, poor filling and
2 failures of vessel pedicle filling in the transplanted bone flaps was observed 6 months postoperatively.
4 cases received a THA 1 and 2 years postoperation, including 2 failure filling cases and 2 poor filling
cases. The clinical success rate of this group was 91.7%. Selective DSA was performed in 1 of the 48
patients 10 years after the operation showed good filling.
4. Discussion
The blood flow of the femoral head mainly comes from the medial femoral circumflex artery. The
upper-aboral retinacular artery supplies roughly 66% of the area of the femoral head. Femoral head
necrosis can occur in multiple locations within this area. The anterior-posterior retinacular artery supplies 25–33% of the inferior femoral head field. The inferior retinacular artery entering the femoral head
is small and has few branches. The round ligament artery only supplies the fossa capitis femoris field.
The femur head and the supra-neck articular capsule artery, which provides 65–80% of the femoral
head and sub-joint capsule artery blood supply, are visualized well and are sharply visible in normal
DSA [22]. The inosculation of the medial femoral circumflex artery and obturator artery is also sharp.
The lateral femoral circumflex artery passes through the linea intertrochanterica and supplies the outside
soft tissues and vicinity muscles outside the femoral head. The superior gluteal artery and the inferior
gluteal artery are visualized simultaneously in DSA.
Vascularized iliac bone graft, perfused by the lateral femoral circumflex artery ascending branch,
has been used widely in China for approximately two decades as an alternative method for treating
osteonecrosis, with satisfactory results [23]. Results of an anatomical study and clinical research [24,25]
showed that the vascular branches that run into the anterosuperior iliac crest along the tensor fasciae
lata muscles are consistently present. However, we suspect that a good blood supply postoperatively is
critical, and that it helps to prevent femoral head blood supply occlusion.
Free vascularized fibular transplant and vascularized iliac crest transplants have been reported to improve blood supply functionality [26]. Some surgeons have considerable experience with free autogenous vasularized fibular transplantation, whereas others rely on transplants [27,28]. However, the necessity for microvascular anastomosis is a disadvantage to the free vascularized fibular transplant compared
with the vascularized iliac crest transplant.
Starklint et al. [29] found in a study that vein specimens of the femoral head’s bone marrow blood vascular system excised from advanced-stage ONFH were generally not suitable for immunohistochemical
studies. Moreover, red blood cell accumulation and newly-arising or old fibrin thrombi were seen, and
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afferent fibers formed. Venous outflow tract blockage increased intraosseous pressure, slowed/ceased
the venous system blood flow, and decreased the partial pressure of bone marrow oxygen. In our study,
selective preoperative DSA showed mainly venous stasis in ARCO stage II, indicating that microcirculation disturbance and/or venous deposition and back flow obstruction occurred in the femoral head.
Abnormal arterial blood supply was the predominant representation of ARCO III stage of ONFH. The
feeding artery was tiny or interrupted, indicating insufficient arterial blood supply. These signs were seen
simultaneously in some ONFH patients. Selective DSA performed 6 months after the operation showed
that in 42 of the 48 patients, the bone graft flap arteries were well-visualized, well-stacked, and had no
interruptions. Furthermore, the femoral head staining field was enlarged, the staining time shortened, the
number of blood vessels increased in unit area, the venous return visualization shifted to an earlier time,
and the back flow obstruction was obviously improved. This data suggested that the femoral head blood
supply was restored, and microcirculation restoration had begun. In this report, selective DSA performed
before the operation provided direct evidence of the blood supply route. It is advisable to avoid exploring
blood vessels or vascular injury during the operation due to anatomical variations to ensure desirable
outcomes. In 6 of 48 cases, selective DSA performed before the operation showed the ramus ascendens
arteriae circumflexae femoris lateralis filling well, but DSA performed after the operation showed that
the transplanted bone flap with the ramus ascendens arteriae circumflexae femoris lateralis under-filled
or had no filling with the contrast media in the femoral head. 4 of these 6 cases received THA due to
vosospasm or bone graft flap vessel pedicle distortion during the operation, and due to other reasons that
led to blood supply obstruction. It is not yet clear which specific development mechanism applied in
each individual case; this area must be further studied. Our data suggests that femoral head blood supply
reversion is key to successful ONFH treatment.
In summary, selective DSA can help visualize the precise femoral head blood supply and provide accurate information about the site and distribution of the lateral femoral circumflex artery, which is helpful
for devising the operation strategy. It can also help reveal femoral head blood supply reversion in postoperative follow-up; this method is more objective than other evaluation methods. However, selective
DSA has contraindications and pitfalls. DSA contraindications include:
(1) Iodine allergy
(2) Serious heart, liver, or kidney failure
(3) Blood coagulation dysfunction, or tendency to bleed
(4) Fever or period of acute inflammation
(5) Systemic infection or sepsis
(6) The patient is older than 55
(7) IV ARCO classification
Additionally, DSA is an expensive and traumatic procedure. Selective DSA should not be the standard
method of ONFH diagnosis and follow-up.
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