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Abstract: Currently, there is no objective indicator for surgical procedures in elderly patients with femoral neck frac-
tures. The purpose of this study was to determine the severity of damage to the retinacula of Weitbrecht based on 
the type of femoral neck fracture, anatomical and clinical observations. Data from 44 patients treated with artificial 
femoral head replacement were analyzed for the association between Garden type fracture and severity of injury 
to Weitbrecht’s retinacula. Additionally, 18 cases (Pauwels type III fracture) after Watson-Jones surgical approach 
and internal fixations were used to investigate the bone healing and femoral head necrosis. Among 44 patients 
(Garden type was III-IV, 79.6%), significant associations were found between Garden type fracture and lateral (P < 
0.001), anterior (P = 0.045), and medial (P = 0.004) retinacular injury. Significant positive Spearman correlation 
coefficients between Garden type and the severity of injury to Weitbrecht’s retinacula were Ρ = 0.561 with P < 0.001 
for lateral, Ρ = 0.338 with P = 0.025 for anterior, and Ρ = 0.469 with P = 0.001 for medial retinacula. Additionally, 
4 out of 18 Pauwels type III fracture cases were observed severe damages on Weitbrecht’s retinacula and result-
ing bone necrosis. In conclusion, this study provided the anatomical and histological correlations between fracture 
displacement and degree of retinacula injury.

Keywords: Retinacula of weitbrech, femoral neck fracture, garden-type fracture, masson staining, pauwels-type 
fracture, femoral head necrosis

Introduction

The blood supply of the femoral head derives 
primarily from the medial femoral circumflex 
artery (MFCA) and lateral femoral circumflex 
arteries (LFCA) [1, 2]. The LFCA supplies the 
majority of the infero-anterior femoral head 
with blood by way of the inferior metaphyseal 
artery. The largest contributor to the blood sup-
ply of the femoral head, however, is the MRCA 
which supplies its superolateral aspect [1, 2]. 
In femoral neck fractures, the lateral ascending 
cervical branches of the MFCA are at risk for 
disruption. Loss of this blood supply increases 
the risk of nonunion at the fracture site and 
increases the risk for avascular necrosis (AVN) 
of the femoral head [3].

Both medial and lateral circumflex femoral 
arteries give off branches from the joint cap-

sule at the base of the femoral neck when pass-
ing through the retinacula of Weitbrecht to the 
femoral neck and head [4-7]. The retinaculum 
of Weitbrecht is a bridge between the ring-
shaped basilar arteries and the nutrient arter-
ies of the femoral head. The three retinacula  
of Weitbrecht include the lateral, anterior, and 
medial retinacula, as depicted in the original 
drawings published by Anseroff in 1929 [6]. 

There have been many papers about the blood 
supply to the femoral head and the anatomy of 
the retinacula of Weitbrecht. However, there 
has been no detail report about the feature of 
attachment of the retinacula of Weitbrecht to 
the surface of the femoral neck. The anatomi-
cal characteristics of two fixed ends with rela-
tively loose middle pieces for the retinaculum of 
Weitbrecht may reduce injury caused by frac-
ture displacement. Nonetheless, disruption or 
distortion of these retinacular branches to the 
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femoral head due to fracture displacement 
plays a significant role in the development of 
osteonecrosis [1, 8]. Fractures of the femoral 
neck can be simplified using the classification 
system of Garden [9], which categorizes frac-
tures into either non-displaced (Garden I or II) 
vs. displaced (Garden III or IV) fractures in order 
to facilitate appropriate management particu-
larly in the elderly [9, 10]. We hypothesized that 
a positive association exists between grade of 
fracture based on Garden classification and 
severity of Weitbrecht’s retinacular injury. 
Severe damages on Weitbrecht’s retinacula 
may result in bone necrosis. Our hypothesis 
was based on direct clinical observations of  
hip fractures at surgery and cadaveric studies 
which evaluated blood vessel morphology with-
in the retinacula and the connections between 
the retinacula and the femoral neck.

Patients and methods

Our protocols, including patients’ studies (sec-
tion 2.1 and 2.4) and cadaveric specimens’ 
studies (section 2.2 and 2.3), were approved  
by our institutional review board and written 
informed consent was obtained from each 

retinacula of Weitbrecht, the integrity of the 
retinacula was examined intraoperatively under 
immediate vision during the surgery on patients 
with femoral neck fractures who underwent 
artificial hip joint replacement (hemi or total) 
(Table 1). The type of fracture based on Garden 
classification was also determined through 
x-ray prior to surgery (Table 1). 

Hematoxylin and eosin (H&E) (Figure 1A) and 
Masson staining (Figure 1B) were performed 
on tissue specimens obtained at surgery. 
Scanning electron microscopy was also per-
formed using a scanning electron microscope 
S-3400N (HITACHI, Japan). 

Morphology of the retinacula of Weitbrecht in 
formalin-fixed hip specimens

Twenty-eight formalin-fixed hip cadaveric speci-
mens were obtained from 14 cases, which died 
from car accidents without obvious vascular 
disease. The upper portion of the femur togeth-
er with the intact joint capsule and acetabulum 
were dissected and harvested. The joint cap-
sule was cut open along the acetabulum to 
observe the entire retinacula of Weitbrecht sur-

Table 1. Characteristics of the patients with Garden type classifications
N = 44

Age (years) 76.0 (49-89)
Gender Female 34 (77.3%)

Male 10 (22.7%)
Garden type fracture I 3 (6.8%)

II 6 (13.6%)
III 16 (36.4%)
IV 19 (43.2%)

Site of fracture Subcapital 27 (61.4%)
Transcervical 17 (38.6%)

Lateral Weitbrecht’s retinaculum No injury 2 (4.5%)
Bleeding 23 (52.3%)
Broken and attached to the bone 16 (36.4%)
Broken and released 3 (6.8%)

Anterior Weitbrecht’s retinaculum No injury 23 (52.3%)
Bleeding 10 (22.7%)
Broken and attached to the bone 5 (11.4%)
Broken and released 6 (13.6%)

Medial Weitbrecht’s retinaculum No injury 4 (9.1%)
Bleeding 27 (61.4%)
Broken and attached to the bone 6 (13.6%)
Broken and released 7 (15.9%)

Data are represented by count and percentage except for age which is represented by mean 
and range. Note: superior = lateral; inferior = medial.

patient prior to partici-
pation in the study.

Degree of injury to the 
retinacula in various 
Garden type fractures

To evaluate the asso-
ciation between Gar- 
den type fracture and 
the severity of Weit- 
brecht’s retinacular in- 
jury, 44 patients (34 
females and 10 males; 
mean age, 76.0 years) 
treated with artificial 
femoral head replace-
ment were enrolled in 
the study. Demogra- 
phics, degree of reti-
nacular injury, and 
fracture characteris-
tics are summarized  
in Table 1.

Because no examina-
tion is currently avail-
able to identify the 
degree of injury to the 



Injury detection on Weitbrecht retinacula

17676 Int J Clin Exp Med 2015;8(10):17674-17683

rounding the femoral neck. The retinacula of 
Weitbrecht along with some of their bony 
attachments were completely harvested. After 
Masson staining, fibers from the retinacula that 
penetrated the femoral neck (along with con-
nections between the fibers of the retinacula of 
Weitbrecht and the bone at the base, middle 
neck, and femoral head) were studied. 

Observation of blood vessels within the reti-
nacula of Weitbrecht in fresh cadaveric hip 
specimens

Two fresh cadavers were injected via the 
abdominal aorta with red latex and lead oxide 

(Shanghai Heng Yuan Biotechnology Co., Ltd, 
China). A total of 40 g of lead oxide, with a par-
ticle diameter < 60 μm, was dissolved in 100 
ml of perchlorethylene solution (Industry and 
Trade Co., Ltd. Shanghai Jun Xuan, China). The 
cadavers were then frozen and subsequently 
thawed just prior to the experiment.

The filling agent completely hardened after 
approximately 2 weeks. The skin, subcutane-
ous tissue and deep fascia were dissected at 
the buttock and thigh and the bilateral hip 
joints were dissected via midline incisions. The 
alkaline corrosion method was used to pre-
serve the bone and ligaments of each joint cap-

Figure 1. Two common staining methods used for the retinacula of Weitbrecht. A: H&E staining (100×) shows the 
bone (white arrow), retinacula of Weitbrecht, and blood vessels (black arrows). B: Masson staining shows the bone 
fracture site (white arrow), retinacula of Weitbrecht, and blood vessels (black arrows).

Table 2. The association between Garden type and the severity of Weitbrecht’s retinaculum injury
Garden type

P-valueI-II  
(n = 9)

III  
(n = 16)

IV  
(n = 19)

Lateral Weitbrecht’s retinaculum No injury 2 (22.2) 0 0 < 0.001*
Bleeding 7 (77.8) 10 (62.5) 6 (31.6)
Broken and attached to the bone 0 6 (37.5) 10 (52.6)
Broken and released 0 0 3 (15.8)

Anterior Weitbrecht’s retinaculum No injury 8 (88.9) 8 (50.0) 7 (36.8) 0.045*
Bleeding 1 (11.1) 3 (18.8) 6 (31.6)
Broken and attached to the bone 0 2 (12.5) 3 (15.8)
Broken and released 0 3 (18.8) 3 (15.8)

Medial Weitbrecht’s retinaculum No injury 4 (44.4) 0 0 0.004*
Bleeding 5 (55.6) 11 (68.8) 11 (57.9)
Broken and attached to the bone 0 3 (18.8) 3 (15.8)
Broken and released 0 2 (12.5) 5 (26.3)

*Indicates a significant linear-by-linear association. All data is represented by count and percentage. Note: superior = lateral; 
inferior = medial.



Injury detection on Weitbrecht retinacula

17677 Int J Clin Exp Med 2015;8(10):17674-17683

sule. The four hips specimens also underwent 
X-ray examination and CT scanning. The origin, 
morphology, distribution, and anastomoses of 
blood vessels around the femoral head and 
neck were observed after scanning using either 
CT or micro-CT.

Injury to the retinacula, bone healing, and 
bone necrosis

To evaluate the injury to the retinacula, bone 
healing, and bone necrosis, 18 non-elderly 
patients with all Pauwels type III fracture were 
included. After classical anterolateral approach 
(Watson-Jones) [11] and internal fixations, 
patients were follow-up at least 2-5 years.

About the indication of open reduction and 
internal fixation, our consideration is as follow: 
First, the totally displaced femoral neck frac-
ture is suitable for Pauwels type III fracture. The 
femoral neck fracture of nonelderly adults 
(Young adults) is often caused by relatively 
heavy violence. If the fracture is totally dis-
placed, it is difficult to perform closed reduc-
tion, and the blood supply to the retinaculum is 
possibly damaged. Therefore, repeated closed 
reduction is not suitable for protecting the 
residual blood supply. Hence, we chose direct 
open reduction for this kind of patients. 

Statistical analysis

All data of 44 patients were represented by 
count and percentage except for the age, which 
was represented by mean and range. The lin-
ear-by-linear association between Garden-type 
fracture and severity of Weitbrecht’s retinacu-

lum injury was performed by the Mantel-Haen- 
szel Chi-squared test for trends and Spearman 
correlation coefficients. The statistical assess-
ments were two-sided and evaluated at the 
0.05 level of significant difference. All analyses 
were performed using SPSS 15.0 statistics 
software (SPSS Inc., Chicago, Illinois, USA).

Results

Association between Garden type fractures 
and the severity of Weitbrecht’s retinaculum 
injury 

The predominant Garden type was III-IV (79.6%; 
Table 1). The association between degree of 
injury to the lateral, medial, and anterior reti-
nacula of Weitbrecht and various Garden frac-
ture types (I through IV) are shown in Table 2.

A significant linear-by-linear association was 
observed between severity of Garden type vs. 
severity of Weitbrecht’s retinacular injury 
regardless of retinacular injury location, i.e., 
significant associations were found between 
Garden type fracture and lateral (P < 0.001), 
anterior (P = 0.045), and medial (P = 0.004) 
retinacular injury (Table 2). In addition, the 
more severely displaced the fracture type 
(graded as I through IV on a scale of increasing 
displacement), the more severe the injury to 
the retinaculum. 

Significant positive Spearman correlation coef-
ficients were also observed between Garden 
type and the severity of Weitbrecht’s retinacu-
lum injury (Ρ = 0.561 with P < 0.001, Ρ = 0.338 

Figure 2.  Results of Masson staining in the middle portion of the retinacula of Weitbrecht: The retinacula of Weit-
brecht are stained blue and the bone is stained red. A: The junction between the fibers of the retinacula of Weit-
brecht and the bone is relatively flat. There are few fibers penetrating deep into the bone. B: There are blood vessels 
inside the retinacula of Weitbrecht and a few fibers penetrating deep into the bone. C: Measurements of the thick-
nesses of the retinacula of Weitbrecht. The mean thickness of anterior retinaculum at the middle portion of the 
femur was 1.5 mm (Scale bar = 50 μm).
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with P = 0.025, and Ρ = 0.469 with P = 0.001 
for lateral, anterior, and medial Weitbrecht’s 
retinacula, respectively).

Common morphology among the retinacula of 
Weitbrecht 

Two common staining methods were applied to 
retinacula of Weitbrecht: H&E stain (Figure 1A) 
and Masson stain (Figure 1B). Examples of 
Masson staining in the middle portion of the 
retinacula of Weitbrecht are shown in Figure 2A 
and 2B.

All lateral, medial, and anterior retinacula arose 
from the distal attachment of the hip joint cap-
sule in all cases. The retinacula of Weitbrecht 
were divided into lateral, anterior and medial 

retinacula. Among them, the lateral and medial 
retinacula were relatively constant. 

The rectangle-shaped lateral retinaculum sho- 
wed minimal morphological variation. The me- 
an width was 15 mm. 

The medial retinaculum was composed of 2-3 
streaks and in a “Y”, “V” or “N” shape when 
there was a certain degree of connection 
between them. Generally, it was wide distally 
and narrowed proximally, and the connection 
between the medial retinaculum and the femo-
ral neck was loose. The blood vessels travelling 
within it were not in close association with the 
femoral neck. 

The anterior retinaculum had an irregular mem-
branous structure and was composed of 2-3 

Figure 3. Results of Masson staining of the retinacula of Weitbrecht at the side of the greater trochanter (A) and 
femoral head (B). The fibers of the retinacula of Weitbrecht penetrate deep into the bone and are closely contacted 
to the bone. 

Figure 4. Under scanning electron microscope (SEM), the loose structures (A) and the dense structures (B) of the 
fibrous layers of retinacula of Weitbrecht are clearly differentiated. 
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parallel filiform retinacula. The anterior retinac-
ulum ascended along the femoral neck and 
became thin. Its boundary was not as clear as 
the lateral retinaculum, and the mean width 
was 13 mm. The mean thickness of anterior 
retinaculum at the middle portion of the femur 
was 1.5 mm (Figure 2C). The medial part gradu-
ally became thin after reaching the femoral 
head and the lateral part was slightly thickened 
due to the reentry fold. 

Fibrous structures within the retinacula of 
Weitbrecht and the tightness of connection 
between them and the bone 

The fibrous structures of the lateral retinacu-
lum were not compact. Inside the retinaculum, 
there was a significant amount of loose connec-
tive tissue rich in blood vessels and nerves. 
The fiber bundles were not divided into obvious 
layers and their directions were irregular. 
Because the fibrous structures were not com-
pact, although there were fibrous connections 
between the innermost fibers and the bone, 
most of the outer fibers could be dissected 
easily. 

The anterior retinaculum had compact fibrous 
structures composed of 6-10 layers of dense 
fibers. Directions of fibers in the adjacent layers 
varied and were complicated, and various lay-
ers were connected with a few fibers. The inner-
most fibers were connected to the femoral 
neck via a significant number of fibers. The con-
nection was tight and difficult to be dissected 
compared with the lateral retinaculum.

Common characteristics of the medial and 
anterior retinacula were as follows: (1) the 
fibers originated vertical to the trochanter 
(Figure 3A) or intertrochanteric crest and each 
fiber bundle was tightly connected to the bone; 
(2) at the middle portion, most fibers ran paral-
lel to the bone surface and a few fibers pene-
trated into the bone; (3) at the medial side, the 
fiber bundles obliquely penetrated the bone 
along the curve of the femoral head (Figure 3B) 
in a layer by layer and step by step manner.

In factures that occurred at the middle of the 
femoral neck, the lateral and anterior retinacu-
la were easily dissected. However, both ends of 
the lateral and anterior retinacula were closely 
connected to the bone, similar to the medial 
retinaculum. Details of the loose structures 

(Figure 4A) and the dense structures (Figure 
4B) within the fibrous layers of the retinacula of 
Weitbrecht were clearly differentiated under 
scanning electron microscopy. 

Observation of blood vessels within the reti-
nacula of Weitbrecht

Tissue sections of the retinacula of Weitbrecht 
were observed using the histological method 
and the specimen corrosion method. Micro- 
scopic observation of the transverse and longi-
tudinal sections of the retinacula of Weitbrecht 
showed that the retinacula of Weitbrecht were 
composed of fat pads, neurovascular compo-
nents, and collagen and elastic fibers arranged 
in different directions. Small arteries, veins, 
and nerves were observed within the lateral 
and medial retinacula. 

In the anterior retinaculum, the fibers were 
dense but small blood vessels were relatively 
rare compared with the lateral and medial reti-
nacula. The deep branch of the medial circum-
flex femoral artery and the terminal branches of 
the transverse branch of the lateral circumflex 
femoral artery formed an extracapsular arterial 
ring, which gave off femoral neck arteries 
crossing the articular cavity. These arteries 
were distributed along the surface of the femo-
ral neck within the joint and were covered by 
the synovial membrane. Most femoral neck 
arteries ran through the retinacula of 
Weitbrecht. The arteries of the retinacula of 
Weitbrecht were divided into three groups, 
namely superior, posteroinferior and anterior 
arteries. 

The medial circumflex femoral artery gave off 
2-3 small arteries at the site superior to the 
lesser trochanter, which penetrated into the 
medial retinaculum through the joint capsule at 
the joint capsule attachment to form the medi-
al retinaculum artery. The artery gave off sev-
eral branches into the femoral head. Because 
the middle portion of the medial retinaculum 
was not connected with the femoral neck, the 
blood vessels of the medial retinaculum pene-
trated into the femoral head and neck from the 
base of the femoral neck and the margin of the 
articular cartilage. 

The terminal branch of the medial circumflex 
femoral artery gave off 4-7 small arteries, 
which penetrated into the lateral retinaculum 



Injury detection on Weitbrecht retinacula

17680 Int J Clin Exp Med 2015;8(10):17674-17683

through the joint capsule at the base of the 
femoral neck and formed the lateral retinacu-
lum artery. The lateral retinaculum was closely 
attached to the femoral neck. Blood vessels 
penetrated the femoral head and neck from the 
base of the femoral neck to the margin of the 
articular cartilage. 

The terminal transverse branch of the lateral 
circumflex femoral artery gave off 1-2 small 

arteries, which penetrated the anterior retinac-
ulum through the joint capsule at the base of 
the femoral neck and formed the anterior reti-
naculum artery. 

Observations of injury to the retinacula, bone 
healing, and bone necrosis

We observe 4 out of 18 Pauwels type III frac-
ture patients (Supplementary Table 1) suffered 

Figure 5. Exemplary figures to show a 28-year-old female (case 6, Supplementary Table 1) who had femoral neck 
fracture after trauma. The preoperative imaging examination showed that there was bone destruction in the femoral 
neck (Top left: x-ray films; lower left: CT scan) it is shown in the preoperative Figure). Intra-operative findings showed 
that all three retinacula were injured with 1 degree. Post operative imaging’s results at 43 months after surgery had 
shown that  bone healing was obtained without femoral head necrosis (Top right: x-ray film; lower right: CT scan). 
The function of the affected hip joint was restored to normal. 
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bone necrosis and underwent total hip replace-
ment. In patients with femoral head necrosis, 
intraoperative findings showed that injuries to 
the retinacula were relatively severe. Exemplary 
patient’s x-ray film and CT results were shown 
in Figure 5.

Discussion

Our results showed that the severity of injury to 
the retinacula paralleled the severity of fracture 
displacement. We observed a significant linear-
by-linear positive association between severity 
of Garden type fracture and severity of Weit- 
brecht’s retinacular injury regardless of the reti-
naculum studied, i.e., the more severely dis-
placed the Garden type (graded as I through IV 
on a scale of increasing fracture displacement), 
the more severe the injury to the retinaculum. 
Since the occurrence of AVN of the femoral 
head is related to the severity of the fracture 
displacement, a method whereby retinacular 
injury can be assessed would help to guide 
management of elderly patients with femoral 
neck fractures.

All femoral neck fractures are intracapsular3 
and represent a significant health problem in 
the elderly [12] as they are associated with 
major complications including nonunion and 
AVN, particularly for Garden fracture types III 
and IV. AVN may be caused by damage to the 
retinacular vessels at the time of fracture or, 
possibly, by the tamponade effect of an intra-
capsular haematoma [13-15].

Many methods have been reported for evaluat-
ing the hemodynamic status of the proximal 
femoral fractures [13, 16-21]. Harper et al. 
investigated the vascularity of the femoral head 
following proximal femoral fractures, using 
intra-osseous pressure as an indicator of bone 
blood flow [13]. More recently, using laser 
Doppler flowmetry, Beck et al., showed that 
increased intra-articular pressure reduced 
blood flow to the femoral head [21]. Additional 
novel approaches have involved the use of  
positron emission tomography (PET) [17], intra-
medullary oxygen tension measurements [20], 

and use of tracer microspheres to assess 
hemodynamic status of proximal femoral frac-
tures [18].

An additional contributor to femoral head 
osteonecrosis involves the quality of the reduc-

tion or fracture fixation (which restores flow to 
the distorted arteries) [22]. Although internal 
fixation is the standard treatment for Garden III 
and IV fractures, controversy remains concern-
ing the mode of fixation, the approach to be 
used, and the method of reduction [22]. It is 
true that it is preferred to treat femoral neck 
fractures in younger patients with internal fixa-
tion but not in the elderly. Current reports are 
suggesting that joint replacement is the meth-
od of choice for elderly patients providing much 
better results than internal fixation for dis-
placed fractures. However, for younger patients 
a method to evaluate blood flow might be of 
greater importance [23]. The rates of nonunion 
and AVN after internal fixation vary widely. 
Nonunion rates have ranged from 4% to 59% 
and AVN from 10% to 86%, regardless of wheth-
er closed reduction internal fixation (CRIF) or 
open reduction internal fixation (ORIF) was 
used [24, 25]. Notably, Ghayoumi et al. had 
reported that they did not find any significant 
difference in the incidence of nonunion, AVN or 
all complications combined between the open 
reduced and closed reduced groups, except a 
higher rate of deep wound infection with open 
reduction [25].

Femoral head necrosis does not occur in all 
cases with serious fracture displacement (i.e., 
Garden III or IV femoral neck fractures) sug-
gesting that the blood supply to the femoral 
head varies among individuals [7, 12]. However, 
Harper et al. [26]. indicated that the posterior 
(medial) retinaculum was intact only in relative-
ly nondisplaced intracapsular fractures (Garden 
types I and II), similar to our findings. In addi-
tion, our study showed that a common morphol-
ogy existed regarding the retinacula (in particu-
lar the lateral and medial retinacula) in the 
specimens studied. In addition, both lateral 
and medial retinacula contained many small 
arteries, however, small blood vessels were 
relatively rare within the anterior retinaculum 
compared with the lateral and medial retinacu-
la. This latter finding may explain why, in cases 
with Garden type III-IV fractures, varying 
degrees of injuries were observed in the lateral 
and medial retinacula, but the anterior retinac-
ulum was not injured in eight and seven cases, 
respectively (Table 2). 

We also studied the tightness of the connection 
between the retinacula of Weitbrecht and the 
femoral neck because a tight connection may 
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increase the possibility of blood vessel injury in 
cases of fracture displacement. If the connec-
tion is loose, some blood vessels can be 
retained even after fracture displacement. 
Notably, the bone healings and less femoral 
head necrosis were indeed observed in the 
group of 18 non-elderly patients with all 
Pauwels type III fracture (Figure 5; Supp- 
lementary Table 1). The degrees of fracture dis-
placement maybe the main factors to contrib-
ute the injury of all three retinacula of Weitbrecht 
in current study. However, if the connection 
between the retinacula of Weitbrecht and the 
femoral neck is loose, the femoral head necro-
sis may not happen or exerts with a less 
degrees of injury. 

In summary, our observations and results of 
other studies have shown that AVN of the femo-
ral head is not only related to the degree of 
fracture displacement, but also possibly relat-
ed to the degree of blood vessel injury within 
the retinacula of Weitbrecht. Thus, the different 
distributions of blood vessels within the reti-
nacula may affect the prognosis of the patient.    

Intraarticular fractures of the femoral neck may 
induce intraarticular hemorrhage (hemarthro-
sis). However, it is uncertain whether the hem-
arthrosis has an adverse impact on the blood 
supply to the femoral head or not. We observed 
that the hip joint capsule was often not dam-
aged after femoral neck fracture and the hip 
joint tension was not as high as what we had 
imagined before the exposure of the joint cap-
sule. The joint capsule was still relatively soft, 
which might not affect the blood supply to the 
femoral head. After cutting open the joint cap-
sule, hemorrhage and blood clots could be 
observed, but it did not produce a relatively 
high pressure.

Our study had several limitations. We could not 
identify the injury threshold, using the retinacu-
la of Weitbrecht, which might cause damage to 
the blood supply to the femoral head. In addi-
tion, current methods are unable to identify 
injury to the retinacula of Weitbrecht in patients 
with femoral neck fractures. Future studies 
focused on developing a method whereby reti-
nacular injury could be determined with accu-
racy would help to guide management of elderly 
patients with femoral neck fractures. Although 
we observed the relationship between the 
degree of injury of the retinacula of Weitbrecht 

and the severity of the fracture displacement 
after femoral neck fracture, we still could not 
verify whether injury to the retinacula of 
Weitbrecht resulted in AVN of the femoral head 
because all 44 patients studied underwent 
joint replacement. We provided detail cadaveric 
study to explain the fact that the retinacula of 
Weitbrecht can be intact even in cases with 
relatively serious fracture displacement and 
hope physician could consider it when choosing 
the treatment method for the femoral neck 
fracture. However, we cannot provide evidence 
to make clinical observation be correlated to 
cadaveric study in this subject. Finally, the num-
ber of cases in the present study is relatively 
small. A prospective study with a large sample 
size should be carried out later to verify the 
relationship between the injury to the retinacu-
lum and the prognosis of fracture.

Conclusion 

In cases of displaced femoral neck fracture, 
familiarity with the anatomical characteristics 
of the retinacula of Weitbrecht can prevent inju-
ry during fracture reduction, fixation, and joint 
capsule decompression. 

Currently, there is no objective indicator for sur-
gical procedures in elderly patients with femo-
ral neck fractures. In-depth studies to detect 
injury to the retinacula of Weitbrecht can aid in 
determining the appropriate surgical procedure 
(internal fixation or joint replacement) for elder-
ly patients with femoral neck fractures.
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Supplementary Table 1. Characteristics and treatment results of the 18 patients with internal fixations

No Sex Age Surgery 
side

Internal 
fixation

Superior reti-
naculum*

Anterior reti-
naculum*

Inferior reti-
naculum* Results/managements

1 F 57 L DHS 1 1 1 bone healing without necrosis  
2 F 55 L DHS 3 1 1 bone healing without necrosis  
3 F 53 R CS 1 0 0 bone healing without necrosis  
4 F 32 R CS 2 2 1 bone necrosis at 20 months/bone healing without necrosis after transplantation of the fibula
5 F 61 L DHS 3 2 1 bone healing without necrosis  
6 F 28 R CS 1 1 1 bone healing without necrosis  
7 M 37 L CS 2 0 1 bone healing without necrosis  
8 M 56 R CS 2 3 2 bone necrosis at 19 months/total hip replacement
9 M 54 R CS 2 2 1 bone necrosis at 20 months/total hip replacement
10 M 63 L DHS 1 1 1 bone healing without necrosis  
11 M 47 R CS 2 3 1 bone healing without necrosis  
12 M 41 L CS 1 0 1 bone healing without necrosis  
13 M 42 L DHS 3 3 2 bone necrosis at 15 months/total hip replacement
14 M 52 R CS 2 1 2 bone healing without necrosis  
15 M 60 R CS 1 0 1 bone healing without necrosis  
16 M 18 L CS 2 0 1 bone healing without necrosis  
17 M 55 L DHS 1 3 2 bone necrosis at 23 months/total hip replacement 
18 M 37 L DHS 2 1 1 bone healing without necrosis  
Note: (i) abbreviations: CS: cannulated screws; DHS: dynamic hip screw; F/M: female/male; L/R: left/right. (ii) *: The degree of injury to the retinaculum: 0- the retinaculum is intact; 1- the retinaculum is not damaged but there are a few 
hemorrhagic spots; 2- the retinaculum is broken but still adhered to the bone; 3- the retinaculum is broken and isolated.


