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Abstract 

Background: We separately ligated the arteries and veins of dogs to establish a canine femoral head necrosis model, 
then compared the differences between the outcomes of the two ligation methods on canine femoral heads.

Methods: Twenty-four dogs in this experiment were randomly and evenly sorted into two groups (Group A, the arte-
rial group; and Group B, the venous group). In dogs in Group A, the unilateral deep femoral arteries of the hips were 
ligated. In dogs in Group B, the unilateral deep femoral veins of the hips were ligated. Two dogs from each group 
were randomly selected at the 2nd, 4th, 6th, 8th, 10th, and 12th weeks postoperatively and were marked as Groups 
 A1–A6 and  B1–B6 according to the selection times. The dogs underwent X-ray (DR) and a magnetic resonance imaging 
(MRI) plain scan (1.5 T) on both hip joints and were then sacrificed. Bilateral femoral head specimens were soaked in 
formalin and then decalcified. Hematoxylin–eosin (HE) staining and histopathologic evaluation were performed on 
the tissue sections.

Results: In dogs in Group B, abnormal pathologic changes, such as adipocytes fusing into cysts, were observed at 
the 4th week after establishing the model. MRI scans showed abnormal signal intensity at the 6th week, and fibrocyte 
regrowth was demonstrated in the necrotic area of the femoral heads at the 10th week. At the same time, indicators 
of tissue repair and fresh granulation tissue emerged. Changes in dogs in Group A, such as interstitial haemorrhage 
and oedema, were not noted in pathologic sections until 6 weeks after the model was established. MRI showed 
abnormal signals, such as a linear low signal intensity in the weight-bearing area of the femoral heads at the 8th week. 
New blood vessels emerged in the necrotic area at the 12th week, while there was no proliferation of fibrocytes and 
tissues.

Conclusions: The development and evolution of femoral head necrosis caused by ligation of the main veins of the 
femoral head in dogs appeared earlier than in dogs with arterial ligation, and pathologic changes, such as necrosis 
and repair, were more significant in dogs in the venous group than in dogs in the other group.

Keywords: Femoral head necrosis, Artery and vein, Pathology, MRI, Dogs

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Avascular necrosis of the femoral head is one of the most 
common diseases in orthopaedics and is associated with 
a number of complex factors [1]. Apoptosis of bone cells 

leads to a gradual collapse of subchondral bone and 
articular cartilage and eventually collapse of the femo-
ral heads, which causes avascular necrosis of the femo-
ral head [2]. With widespread attention and in-depth 
research, the corresponding pathologic changes in differ-
ent stages of avascular necrosis of the femoral heads have 
been established with corresponding treatment methods 
[2]. In the early stage of femoral head necrosis, a head-
preserving procedure is the main treatment method and 
aims to stop the disease process and to prevent collapse 
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of the femoral head [2, 3]. Early head-preserving treat-
ments for femoral head necrosis include core decompres-
sion, bone grafting with or without a vascular pedicle, 
and tantalum rodimplantation [2, 3]. For advanced femo-
ral head necrosis, replacement is the preferred method 
to reconstruct the structure and function of hip joints [2, 
3]. Since the aetiology and pathogenesis of femoral head 
necrosis are not fully understood, controversies regard-
ing the choice of treatment methods and the efficacy in 
different stages persist [1–3]. It is now widely accepted 
that ischaemia is an important stage and pathologic 
process in the development of the disease, regardless of 
pathogenic factors [1–3]. This important point of view 
has been confirmed in animal models of femoral head 
necrosis, in which the arteries supplying the femoral 
head were ligated [4, 5]. Digital subtraction angiogra-
phy (DSA) examinations of patients with femoral head 
necrosis in clinical practice, however, showed that blood 
supply imaging of the femoral heads of some patients 
does not reveal a manifestation of arterial ischaemia but 
exposes signs of venous stasis, which is often referred to 
as a manifestation of femoral head vein obstruction [6, 7]. 
We aimed to learn more about the role of femoral head 
venous stasis or simple venous thrombosis on femoral 
head necrosis. For this reason, we designed a study to 
ligate the main feeding arteries and veins of the femoral 
heads of dogs to determine the effects on the femoral 
heads and conducted corresponding digital X-ray scans, 
MRI scans, and haematoxylin–eosin (HE) staining of 
pathologic specimens.

Methods
Animals and experimental design
Thirty healthy male dogs, 14–18 months old and weigh-
ing 5–8 kg, were purchased from the Animal Experiment 
Center of Dalian Medical University. These animals were 
then housed in the Animal Room of Zhongshan Hospi-
tal Affiliated to Dalian University. The animals were fed 
300 g/d standard animal feed 3 times/day and were occa-
sionally fed vegetables. All the animals had free access 
to water, proper sunlight, and enough warmth to regu-
late their vital signs and prevent the interference of dis-
ease. After 1 week of adaptation, 24 dogs were randomly 
assigned to groups  A1–A6 (the arterial group) or groups 
 B1–B6 (the venous group), with 2 dogs in each group. 
There were six dogs that were not assigned to a group. 
The dogs were thoroughly disinfected before model-
ling began, and the animal room was cleaned and disin-
fected to reduce the risk of postoperative infection. The 
dogs underwent anteroposterior X-ray and MRI (1.5  T) 
of both hips to rule out femoral head necrosis before 
surgery.

This study was approved by the Ethical Committee of 
our institution (E-2014-037) and proceeded according to 
the National Regulations on the Administration of Labo-
ratory Animals.

Construction of the experimental model
Twenty-four experimental dogs were randomly sorted 
into 2 groups of 12 (Group A [deep femoral artery group] 
and Group B [deep femoral vein group]). The left deep 
femoral arteries (Group A) of the dogs were ligated with 
nonabsorptive surgical 4–0 silk sutures, and the left 
deep femoral veins (Group B) of the dogs were ligated 
with nonabsorptive surgical 4–0 silk sutures. After the 
model of ligating the canine artery and vein was estab-
lished, the opposite femoral heads were designated as the 
control group. Anteroposterior X-ray and MRI (1.5  T) 
of the bilateral femoral heads of all the dogs confirmed 
that there was no preoperative femoral head necro-
sis. The left femoral heads of the dogs were selected for 
modelling, while the right femoral heads were used as 
the control group. The dogs underwent water depriva-
tion for 6–8  h before modelling. The operating room 
was irradiated with ultraviolet rays for 6–8  h. Sodium 
pentobarbital (Bjchemmart, Beijing, China) (3% concen-
tration) was slowly injected into the abdominal cavity of 
each experimental dog at a dose of 30 mg/kg. Care was 
taken not to inject sodium pentobarbital into the blood 
vessel as that would kill the experimental dog. The dogs 
were completely anaesthetized and placed on their backs 
on the operating table with their limbs secured by band-
ages. We covered the eyes of the dogs with black surgical 
towels and opened their mouths with gauze to prevent 
suffocation and death. If the dogs showed signs of emerg-
ing from anaesthesia during the operation, a small dose 
of sodium pentobarbital was injected into the dog to 
achieve sedation. If a dog had convulsions, we suspended 
the experiment immediately and prepared the dog for 
infusion and rescue. We used gauze to wet the hair of 
the dog in the surgical area, and the dog’s inguinal hair 
was shaved. Animal depilatory liquid was used to remove 
the hair to prevent burns on the skin in the surgical area. 
We disinfected our hands and arms with Aier iodine and 
then with 5% iodine and 75% alcohol in sequence for 
repeated deiodination until the iodine was removed. We 
positioned the animals, disinfected our hands and arms 
again, and put on sterile gowns and gloves. Through a 
lateral incision, the skin, subcutaneous fascia, and super-
ficial fascia of the dogs were incised in turn. During the 
operation, electrocautery was used to stop the bleeding, 
and haemostatic forceps were used to bluntly separate the 
deep fascia. The gluteus medius and minimus were suc-
cessively separated and excised. Lidocaine hydrochloride 
was injected locally around the blood vessels to expose 
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the arteries and veins after the deep femoral blood vessels 
were exposed. The operated sides of the dogs were rolled 
outward. The left deep femoral arteries were ligated 
in dogs in Group A (Fig. 1A), and the left deep femoral 
veins were ligated in dogs in Group B (Fig. 1B). The deep 
femoral arteries and veins were ligated twice to achieve 
complete vascular ligation. After ligation, the incisions 
were closed in sequence according to the anatomic order, 
and then the dogs were returned to the Animal Experi-
mental Center for feeding. Within 3 days postoperatively, 
the dogs were given intravenous infusion of gentamicin 
sulfate injection (80,000 Udaily) to prevent infection and 
intravenous infusion of glucose and normal saline at the 
same time to prevent shock. The vital signs of the dogs 
were under observation at all times, and if there were 
any signs of discomfort, the experimenters were notified 
immediately for symptomatic treatment.

Digital X‑ray (DR) and magnetic resonance imaging (MRI) 
examination
The dogs in Groups  A1B1,  A2B2,  A3B3,  A4B4,  A5B5, and 
 A6B6 were sacrificed by air embolism (injecting 100 ml of 
air intravenously) simultaneously when they underwent 
anteroposterior X-rays and MRIs of both hips at the 2nd, 
4th, 6th, 8th,  10th, and  12th weeks after ligation.

The magnetic field strength of magnetic resonance 
was 1.5  T, and conventional cross-sectional and coro-
nal scanning were performed using phased-array head 
coils and fast spin-echo (FSE)  sequences. The param-
eters were as follows: T1-weighted (TR/TE), 500/40 ms; 
T2, 3085/96  ms; T1 FSAT, 500/40  ms; proton den-
sity weighted, 1485/12  ms; proton lipid suppression, 

1485/12 ms; matrix size, 256 × 256; FOV size, 20 cm; and 
layer thickness, 3.5 mm. X-ray and MRI scans were per-
formed in a consistent order, and the differences between 
X-ray and MRI scans of the dogs at each time node were 
analysed, staged, discussed, and summarized.

Histopathologic observation (HE staining)
Then, the bilateral femoral head specimens from the 
dogs were soaked in formalin for pathologic observation, 
cut along the coronal plane and marked separately. The 
specimens were decalcified with 8% hydrochloric acid 
tissue decalcification solution until there was no appar-
ent hardness in cutting after they were fixed in 10% neu-
tral formalin fixative. The specimens were repeatedly 
rinsed with water, embedded in paraffin and sectioned at 
a thickness of 5 μm; at least 5 tissue sections per femoral 
head were obtained. Electron microscopy was used for 
inspection after conventional HE staining, and photo-
graphs were obtained.

Results
Modelling results
Of the 24 dogs, 1 died in Group  A3, and 1 died in Group 
 B1 after the operation. Another 2 dogs were replaced 
to maintain group size during the follow-up. The suc-
cessfully modelled dogs did not have necrosis of the 
limbs on the modelling side, but the skin on the oper-
ated side had signs of a superficial infection in 1 dog 
in Group B2, 1 dog in Group A4, and 1 dog in Group 
B6. These 3 dogs were actively treated with gentamicin 
injection and ceftiofur sodium anti-inflammatory treat-
ment; the infections gradually healed. Within 3  days 

Fig. 1 A The left deep femoral arteries of the dogs were ligated. B The left deep femoral veins of the dogs were ligated
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after modelling, the dogs had poor mental states, 
mania, lethargy, poor appetites, and occasional fever; 
the dogs were treated with glucose and normal saline. 
The dogs’ limbs on the modelling side could not touch 
the ground. One week later, the dogs’ mental states 
and appetites gradually improved, and the claudication 
symptoms improved as well. The dogs walked slowly 
with their limbs on the modelling side.

Dynamic observation of digital X‑ray (DR)
The pre- and postoperative anteroposterior X-ray 
images of the bilateral hip joints of the dogs were com-
pared. The preoperative anteroposterior X-ray images 
of the bilateral hip joints showed a homogeneous den-
sity in the femoral heads of all dogs without cyst or 
sclerosis. The femoral heads were smooth without une-
venness or collapse. There was no stenosis in the joint 
space, and the bone quality was good (Fig. 2A–D).

Dynamic observation of MRI
T1 and T2 images of the femoral heads in normal dogs 
were basically the same as those of humans, showing 
intermediate or high signal intensity without uneven-
ness or impurities. Preoperative MRI plain scans of the 
bilateral femoral heads of the dogs showed no apparent 
abnormal signals (Fig. 3A, B). MRI scans of the femoral 
heads of the dogs in Groups  A1–A3 and  B1–B2 (2 weeks 
postoperatively) showed no significant differences 
between the postoperative and preoperative signals. 
T1 images of the MRI plain scans of the bilateral femo-
ral heads of dogs in Group  A4 (8 weeks postoperatively) 
showed stripe-like, low  signal intensity primarily in the 
weight-bearing area of the femoral heads, while a scat-
tered dot-like, low  signal  intensity was primarily con-
centrated in the head and neck area (Fig.  3C). T2 lipid 
suppression images of MRI plain scans of the bilateral 
femoral heads of dogs in Group  A5 (10  weeks postop-
eratively) showed an ellipsoidal shape and slightly high 

Fig. 2 A The density in the femoral head was symmetric, without obvious cysts (before operation, dogs in Group A). B The density in the femoral 
head was equal, and the femoral head was smooth (before operation, dogs in Group B). C The femoral head was smooth, and a few cystic changes 
were visible (at 12 weeks, dogs in Group A). D The density of the femoral head was asymmetric, and there were partial sclerosis zones (at 12 weeks, 
dogs in Group B)
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signal intensity in the weight-bearing area and an annular 
low signal intensity in the surrounding area (Fig. 3D). T2 
lipid suppression images of MRI plain scans of the bilat-
eral femoral heads of dogs in Group  A6 (12 weeks post-
operatively) showed stripe-like, high signal intensity in 
the weight-bearing area (Fig.  3E). T2 lipid suppression 
images of MRI plain scans of the bilateral femoral heads 
of dogs in Group  B3 (6  weeks postoperatively) showed 
slightly high patchy signal intensity under the head, 
with blurred boundaries and exudate in the joint cavity 
(Fig. 3F). T2 femoral head images of MRI plain scans of 
the bilateral femoral heads of dog in Group  B4 (8 weeks 
postoperatively) showed a small round sack-like area of 
high signal intensity surrounded by a visible circular low 
signal intensity (Fig. 3G). T2 lipid suppression images of 

MRI plain scans of the bilateral femoral heads of dogs in 
Group  B5 (10  weeks postoperatively) showed stripe-like 
high signal intensity in the weight-bearing area (Fig. 3H).

HE staining analysis
Normal trabecular bone of the femoral head was com-
plete with clearly visible, regular osteocytes in the 
trabecular bone and abundant haematopoietic cells. 
Pathologic changes (osteocyte oedema and intercellu-
lar substance haemorrhage in dogs in Group A; Fig. 4A) 
occurred at 6  weeks postoperatively. The decrease in 
bone lacuna osteocytes and the continuous fracture 
of the trabecular plate structure (Fig.  4B) occurred at 
8  weeks postoperatively. The loss of osteocytes in the 
bone lacuna, the interruption of the continuity of the 

Fig. 3 A A T1wMRI scan showed homogeneous low-signal intensity within the femoral head (before operation, dog in Group A). B A T2wMRI 
scan showed homogeneous low-signal intensity within the femoral head (before operation, dog in Group B). C A Group  A4 MRI scan showed a 
stripe of T1 low-signal intensity in the weight-bearing area (at 8 weeks after operation, dog in Group A). D A Group  A5 MRI scan showed elliptical 
T2 high-signal intensity in the weight-bearing area (at 10 weeks after operation, dog in Group A). E A Group  A6 MRI scan showed a stripe of T2 
high-signal intensity in the weight-bearing area (at 12 weeks after operation, dog in Group A). F A Group  B3 MRI scan showed a patchy T2 slightly 
high -signal intensity within the femoral head (at 6 weeks after operation, dog in Group B). G A Group  B4 MRI scan showed a circular T2 low-signal 
intensity surrounding the femoral head (at 8 weeks after operation, dog in Group B). H A Group  B5 MRI scan showed a stripe of T2 high-signal 
intensity in the weight-bearing area (at 10 weeks after operation, dog in Group B)
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trabecular bone, and the cystic degeneration of the 
bone tissue (Fig.  4C) mainly appeared in the patho-
logic sections at 10  weeks postoperatively. New blood 
vessels appeared in the necrotic area of the pathologic 
sections at 12  weeks postoperatively, while there was 
no proliferation of fibrocytes and tissues (Fig.  4D). A 
large number of adipocytes ruptured and fused into 
giant adipocytes (cystic) 4 weeks postoperatively on the 
modelling side of dogs in Group B (Fig. 4E). The osteo-
cytes were limited in the bone lacuna, and the trabecu-
lar plate structure remained basically the same (Fig. 4F) 
in the pathologic Sects.  6  weeks postoperatively. The 
pathologic manifestations of discontinuous and disor-
derly trabecular plate structure appeared in the path-
ologic Sects.  8  weeks postoperatively (Fig.  4G). New 
blood vessels emerged, and fibrocytes and granulation 
tissues proliferated in the necrotic area 10 weeks post-
operatively (Fig. 4H).

Discussion
The blood supply of the femoral head in humans can be 
categorized into two aspects: the external femoral skull 
artery and the internal femoral skull artery. Due to its 
special anatomical structure, the blood supply of the 
femoral head is relatively small. The medial femoral cir-
cumflex artery and the lateral femoral circumflex artery 
are the main blood supply sources. Injury of the medial 
femoral circumflex artery is the main factor leading to 
avascular necrosis of the femoral head [8–10]. The inter-
nal circumflex femoral artery originates from the deep 
femoral artery. It extends from the upper lateral side of 
the distal femoral neck and goes into the superior sup-
porting artery in the joint capsule of the femoral head; 
alternatively, it extends from the posterior medial femo-
ral neck and goes into the inferior supporting artery in 
the joint capsule of the femoral head. The lateral femo-
ral circumflex artery originates from the deep femoral 

Fig. 4 A Intercellular substance haemorrhage and oedema in dogs inGroup  A3 (at 6 weeks after operation, Group A). B The decrease of osteocytes 
in bone lacuna and the fracture of the trabecular structure in dogs in Group  A4 (at 8 weeks after operation, Group A). C The fracture of the trabecular 
bone, and the cystic degeneration of the bone tissue in dogs in Group  A5 (at 10 weeks after operation, Group A). D The appearance of new blood 
vessels in dogs in Group  A6 (at 12 weeks after operation, Group A). E The adipocytes ruptured and fused into cysts in dogs in Group  B2 (at 4 weeks 
after operation, Group B). F The osteocytes basically disappeared in dogs in Group  B3 (at 6 weeks after operation, Group B). G Fracture and structural 
disorder of trabecular bone in dogs in Group  B4 (at 8 weeks after operation, Group B). H New granulation tissues appeared in dogs in Group  B5 (at 
10 weeks after operation, Group B)
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artery and has become the most important donor artery 
for femoral head necrosis and femoral neck fracture 
pedicled bone flap grafts [8–10]. Previous studies have 
demonstrated that the inferior gluteal artery contributes 
to blood flow from the arterial ring that enters the femo-
ral head, and attention should be given to protecting the 
inferior gluteal artery and the medial femoral circumflex 
artery [9–11]. The superior retinacular vessels of the fem-
oral head and the deep branch of the medial femoral cir-
cumflex artery are extremely important for blood supply 
[8–11]. Although the blood supply of the proximal femur 
in dogs is different from that of humans, the blood supply 
of the femoral head of dogs is also mainly provided by the 
internal and external circumflex femoral arteries, espe-
cially from the blood supply vein from the internal femo-
ral circumflex artery. The vein flows back to the internal 
femoral circumflex, lateral vein, median sacral vein, and 
inferior gluteal vein through the supportive vein [12, 13]. 
Nishino et  al. found that only femoral head blood flow 
below 20% of the control value can cause osteonecrosis 
in dogs, and necrotic changes are detected by MRI after 
ischaemia at the 4th week [14].

There are many factors leading to femoral head necro-
sis. The reduction in blood supply to the femoral head 
area is a common characteristic of femoral head necrosis 
[1, 2]. The histologic manifestations include interstitial 
haemorrhage, fibrosis, cell oedema, osteocyte ischaemia, 
and necrosis [1–3, 15]. In this study, the deep femoral 
arteries (Group A) and veins (Group B) of the dogs were 
ligated separately. The results of conventional DRs and 
MRIs (1.5 T), combined with HE staining results, showed 
significant differences in the pathologic changes of the 
femoral heads after ligating the main feeding arteries 
and veins of the femoral heads. First, the main pathologi-
cal manifestations of the two were different. The patho-
logical manifestations of femoral head necrosis caused 
by deep femoral vein ligation occurred earlier than other 
manifestations. In Group B, abnormal findings could be 
found as early as 4 weeks after ligation of the main feed-
ing veins of the femoral heads; the fat cells in the bone 
marrow cavity ruptured and merged into cysts. In dogs 
in Group A, femoral head necrosis, evidenced by inter-
stitial haemorrhage, oedema, etc., could be found as early 
as 6 weeks after ligation of the main feeding arteries. Sec-
ond, the time point when the trabecular tissue started 
to show signs of repair was different, and the pathologi-
cal manifestations were also different. In dogs in Group 
B, fibrocytes in the femoral head necrosis area began to 
regrow 10 weeks after necrosis. At the same time, there 
were indicators of tissue repair, such as fresh granula-
tion tissue emerging. In dogs in Group A, manifestations 
of histological repair appeared 12  weeks after necro-
sis, namely, the formation of new blood vessels and the 

proliferation of fibrous tissue. Third, in the late stage of 
repair, the repair of necrotic bone in dogs in Group B was 
more obvious than that in dogs in Group A. In dogs in 
Group B, the formation of osteoblasts, the appearance of 
new bone, the proliferation and repair of cartilage tissue 
on the surface of necrotic bone tissue, and the prolifera-
tion of fibrous tissue with collagenization were visible. 
In dogs in Group A, the formation of fibrous tissue sur-
rounding the necrotic bone was visible, and the repair 
was slow. In the necrosis stage, the haematopoietic cells 
in the bone marrow gradually decreased until they basi-
cally disappeared. In the repair stage, the haematopoietic 
cells in the bone marrow grew from scratch and gradu-
ally increased. Two stages showed the pathological pro-
cess of the femoral head from necrosis to repair. In dogs 
in Group B, at the initial stage of osteonecrosis (4 weeks), 
fat cells increased and merged, and some of them were 
necrotized and dissolved. In dogs in Group A, at the ini-
tial stage of osteonecrosis (6 weeks), interstitial oedema 
and haemorrhage occurred. At this time, the histologi-
cal changes of ischaemia and hypoxia did not cause MRI 
changes in intramedullary adipocytes. The changes in 
MRI findings did not occur until an interval of 2 weeks 
after the pathological changes (6 weeks in dogs in Group 
B, 8 weeks in dogs in Group A), which also confirms that 
the diagnosis of early femoral head necrosis cannot rely 
solely on MRI findings, and the gold standard for early 
detection of femoral head necrosis is pathological exami-
nation [15]. With the development of osteonecrosis (after 
6 weeks in dogs in Group B and after 10 weeks in dogs 
in Group A), oedema, degeneration, necrosis, fragmen-
tation and absorption of osteocytes appeared in dogs in 
Group A due to ischaemia and hypoxia of the femoral 
heads. After the reduction of osteocytes was no longer 
observed, the trabecular plate structure could still main-
tain its integrity. However, with the deepening of ischae-
mia and hypoxia, the trabecular plate structure gradually 
became disordered, broken, and necrotic, along with 
osteoclast phagocytosis and necrotic cellular debris of 
different shapes. Because of the differences in the degree 
of tissue damage, MRI scans showed diffusely asymmet-
ric high and low mixed signal intensity. In dogs in Group 
B, microcirculation disorders, such as interstitial haem-
orrhage and cell oedema were visible due to blood stasis. 
These histologic changes were consistent with the find-
ings previously reported in the literature [16–18]. The 
results for dogs in the two groups were consistent with 
the early phase, midphase, and late phase of blood supply 
changes according to the 2019 version of the Guidelines 
for Clinical Diagnosis and Treatment of Osteonecrosis of 
the Femoral Head in Adults [15]. The results in this study 
also demonstrated that venous stasis led to femoral head 
necrosis earlier than artery blood interruption. Bone cells 
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showed signs of self-repair earlier in the necrotic process 
caused by venous stasis than artery blood interruption. A 
previous report also showed that femoral head necrosis 
in the early stage is often accompanied by venous stasis, 
and insufficient arterial blood supply is more visible in 
the advanced stage [6].

We hypothesize that due to the compensatory effect of 
the terminal vascular network, a small number of ven-
ules developed, and the blood supply of femoral heads 
was partially relieved. As a result, the appearance of tis-
sue necrosis was obviously delayed. With the incomplete 
absorption of congestion, pathological changes in cystic 
degeneration gradually appeared. Because the degree of 
hypoxia and acidosis in dogs in the congestion group was 
less severe than that in dogs in the ischaemic group, the 
necrosis reaction and repair reaction was also expected 
to be milder.

There are no epidemiologic reports of femoral head 
necrosis anywhere in the world, but screening data of 
the osteonecrosis population in some countries, such as 
the USA, Japan, South Korea, and China, show a con-
tinuous increase [15]. Early diagnosis of osteonecrosis is 
crucial for treatment. MRI, X-ray imaging, CT, and bone 
biopsy are common methods to facilitate a diagnosis [15]. 
T1-weighted images (T1WIs) or “double-line signs” in 
T2-weighted images (T2WIs) on MRI scans are appar-
ent signals for femoral head necrosis [19]. Many animal 
models have been applied in research involving femoral 
head necrosis for many years [20]. Dynamic observation 
of MRI in this study was consistent with the results in 
humans in previous reports [15, 19, 21, 22], which indi-
cated that the modelling of this study has a significant 
reference for clinical studies.

There were some limitations in this study. First, we set 
the time points at 2, 4, 6, 8, 10, and 12 weeks, but the cells 
were still growing after 12 weeks. A long-term follow-up 
study may provide more evidence for further study. Sec-
ond, limited by the experimental design, only MRI was 
used to screen the bone changes. As discussed before, 
MRI should not be used alone in the early stage.

Conclusion
Overall, the occurrence, progression and repair of fem-
oral head necrosis caused by venous stasis were signifi-
cantly earlier than those caused by arterial ischaemia, 
and the necrosis and repair reaction of femoral heads in 
dogs in the venous stasis group, especially the necrosis 
reaction, were more obvious than that in other dogs.

Abbreviations
DR: Digital X-ray; MRI: Magnetic resonance imaging; DSA: Digital subtraction 
angiography; HE: Haematoxylin–eosin; FSE: Fast spin-echo.

Acknowledgements
None.

Authors’ contributions
ZL: guarantor of integrity of the entire study, study concepts, study design, 
definition of intellectual content, data analysis, statistical analysis, manuscript 
editing, and manuscript review. DF: literature research, clinical studies, experi-
mental studies, data acquisition, and manuscript preparation. HC: literature 
research, experimental studies, data acquisition, and manuscript preparation. 
GT: experimental studies and data acquisition. All authors read and approved 
the final manuscript.

Funding
None.

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethical Committee of our institution (E-2014-
037) and proceeded according to the National Regulations on the Administra-
tion of Laboratory Animals.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopaedics, Foshan Women and Children Hospital Affiliated 
to Southern Medical University, No. 11 West Renmin Rd, Chancheng District, 
Foshan City 528000, Guangdong, China. 2 Radiology of Orthopaedics, Foshan 
Women and Children Hospital Affiliated to Southern Medical University, 
Foshan 528000, China. 

Received: 2 November 2021   Accepted: 4 February 2022

References
 1. Seijas R, Sallent A, Rivera E, Ares O. Avascular necrosis of the femoral head. 

J Invest Surg. 2019;32(3):218–9. https:// doi. org/ 10. 1080/ 08941 939. 2017. 
13982 82.

 2. Guerado E, Caso E. The physiopathology of avascular necrosis of the 
femoral head: an update. Injury. 2016;47(Suppl 6):S16–26.

 3. Lieberman JR, Berry DJ, Mont MA, Aaron RK, Callaghan JJ, Rajadhyaksha 
AD, et al. Osteonecrosis of the hip: management in the 21st century. Instr 
Course Lect. 2003;52:337–55.

 4. Hofstaetter JG, Wang J, Yan J, Glimcher MJ. The effects of alendronate in 
the treatment of experimental osteonecrosis of the hip in adult rabbits. 
Osteoarthr Cartil. 2009;17(3):362–70.

 5. Tudisco C, Botti F, Bisicchia S, Ippolito E. Ischemic necrosis of the femoral 
head: an experimental rabbit model. J Orthop Res. 2015;33(4):535–41.

 6. Wang B, Li L, Wang Y, Wang Z, Li C, Fu W, et al. Digital subtraction angi-
ography and magnetic resonance imaging-based staging of circulatory 
obstruction in the femoral head during osteonecrosis of the femoral 
head development. Ann Plast Surg. 2020;85(6):677–84.

 7. Solomon L. Idiopathic necrosis of the femoral head: pathogenesis and 
treatment. Can J Surg. 1981;24(6):573–8.

 8. Kalhor M, Horowitz K, Gharehdaghi J, Beck M, Ganz R. Anatomic variations 
in femoral head circulation. Hip Int. 2012;22(3):307–12.

 9. Gautier E, Ganz K, Krügel N, Gill T, Ganz R. Anatomy of the medial femoral 
circumflex artery and its surgical implications. J Bone Joint Surg Br. 
2000;82(5):679–83.

https://doi.org/10.1080/08941939.2017.1398282
https://doi.org/10.1080/08941939.2017.1398282


Page 9 of 9Liu et al. Journal of Orthopaedic Surgery and Research          (2022) 17:125  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 10. Lazaro LE, Klinger CE, Sculco PK, Helfet DL, Lorich DG. The terminal 
branches of the medial femoral circumflex artery: the arterial supply of 
the femoral head. Bone Joint J. 2015;97-B(9):1204–13.

 11. Grose AW, Gardner MJ, Sussmann PS, Helfet DL, Lorich DG. The surgical 
anatomy of the blood supply to the femoral head: description of the 
anastomosis between the medial femoral circumflex and inferior gluteal 
arteries at the hip. J Bone Joint Surg Br. 2008;90(10):1298–303.

 12. Kaderly RE, Anderson WD, Anderson BG. Extraosseous vascular supply to 
the mature dog’s coxofemoral joint. Am J Vet Res. 1982;43(7):1208–14.

 13. Whiteside LA, Lange DR, Capello WR, Fraser B. The effects of surgical 
procedures on the blood supply to the femoral head. J Bone Joint Surg 
Am. 1983;65:1127–33.

 14. Nishino M, Matsumoto T, Nakamura T, Tomita K. Pathological and 
hemodynamic study in a new model of femoral head necrosis following 
traumatic dislocation. Arch Orthop Trauma Surg. 1997;116(5):259–62.

 15. Zhao D, Zhang F, Wang B, Liu B, Li L, Kim SY, et al. Guidelines for clinical 
diagnosis and treatment of osteonecrosis of the femoral head in adults 
(2019 version). J Orthop Translat. 2020;21:100–10.

 16. Kim HK, Su PH, Qiu YS. Histopathologic changes in growth-plate 
cartilage following ischemic necrosis of the capital femoral epiphysis. 
An experimental investigation in immature pigs. J Bone Joint Surg Am. 
2001;83(5):688–97.

 17. Kim HK, Morgan-Bagley S, Kostenuik P. RANKL inhibition: a novel strategy 
to decrease femoral head deformity after ischemic osteonecrosis. J Bone 
Miner Res. 2006;21(12):1946–54.

 18. Pringle D, Koob TJ, Kim HK. Indentation properties of growing femoral 
head following ischemic necrosis. J Orthop Res. 2004;22(1):122–30.

 19. Malizos KN, Karantanas AH, Varitimidis SE, Dailiana ZH, Bargiotas K, Maris T. 
Osteonecrosis of the femoral head: etiology, imaging and treatment. Eur 
J Radiol. 2007;63(1):16–28.

 20. Fan M, Peng J, Qin L, Lu S. Experimental animal models of osteonecrosis. 
Rheumatol Int. 2011;31(8):983–94.

 21. Pascart T, Paccou J, Colard T, Norberciak L, Girard J, Delattre J, et al. 
T1-weighted MRI images accurately represent the volume and surface 
of architectural mineral damage of osteonecrosis of the femoral head: 
comparison with high-resolution computed tomography. Bone. 
2020;130:115099.

 22. Takao M, Nishii T, Sakai T, Yoshikawa H, Sugano N. Repair in osteonecrosis 
of the femoral head: MR imaging features at long-term follow-up. Clin 
Rheumatol. 2010;29(8):841–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effect of ligating dogs’ arteries and veins on femoral heads
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Animals and experimental design
	Construction of the experimental model
	Digital X-ray (DR) and magnetic resonance imaging (MRI) examination
	Histopathologic observation (HE staining)

	Results
	Modelling results
	Dynamic observation of digital X-ray (DR)
	Dynamic observation of MRI
	HE staining analysis

	Discussion
	Conclusion
	Acknowledgements
	References


