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 � HIP

The effect of calcar femoral neck plating 
on vascularity of the femoral head 
and neck

Aims
Surgical treatment of young femoral neck fractures often requires an open approach to 
achieve an anatomical reduction. The application of a calcar plate has recently been de-
scribed to aid in femoral neck fracture reduction and to augment fixation. However, applica-
tion of a plate may potentially compromise the regional vascularity of the femoral head and 
neck. The purpose of this study was to investigate the effect of calcar femoral neck plating on 
the vascularity of the femoral head and neck.

Methods
A Hueter approach and capsulotomy were performed bilaterally in six cadaveric hips. In the 
experimental group, a one- third tubular plate was secured to the inferomedial femoral neck 
at 6:00 on the clockface. The contralateral hip served as a control with surgical approach and 
capsulotomy without fixation. Pre- and post- contrast MRI was then performed to quantify 
signal intensity in the femoral head and neck. Qualitative assessment of the terminal arte-
rial branches to the femoral head, specifically the inferior retinacular artery (IRA), was also 
performed.

Results
Quantitative MRI revealed a mean reduction of 1.8% (SD 3.1%) of arterial contribution in 
the femoral head and a mean reduction of 7.1% (SD 10.6%) in the femoral neck in the plat-
ing group compared to non- plated controls. Based on femoral head quadrant analysis, the 
largest mean decrease in arterial contribution was in the inferomedial quadrant (4.0%, SD 
6.6%). No significant differences were found between control and experimental hips for any 
femoral neck or femoral head regions. The inferior retinaculum of Weitbrecht (containing 
the IRA) was directly visualized in six of 12 specimens. Qualitative MRI assessment confirmed 
IRA integrity in all specimens.

Conclusion
Calcar femoral neck plating at the 6:00 position on the clockface resulted in minimal de-
crease in femoral head and neck vascularity, and therefore it may be considered as an ad-
junct to laterally- based fixation for reduction and fixation of femoral neck fractures, especial-
ly in younger patients.

Cite this article: Bone Jt Open 2021;2-8:611–617.

Keywords: medial calcar plating, femoral neck plating, vascularity, quantitative MRI, femoral head, femoral neck

Introduction
The treatment of young femoral neck frac-
tures remains a challenge given the high 
incidence complications that often require 
reoperation, specifically nonunion and avas-
cular necrosis (AVN).1 Quality of fracture 
reduction remains an important predictive 
factor in treatment success.1-3 Although 
certain fracture patterns are amenable to 

closed reduction, others require an open 
approach to directly visualize and manipu-
late fracture fragments to achieve reduction. 
Moreover, an open approach allows applica-
tion of a femoral neck plate which can aid in 
reduction and prove biomechanically advan-
tageous to supplement lateral fixation.4 In 
particular, medial calcar plate fixation has 
recently been suggested to resist high shear 
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forces through a buttress effect.5 The open treatment of 
femoral neck fractures, however, does not come without 
the potential risk of damaging the blood supply to the 
femoral head and neck.6-8

The medial femoral circumflex artery (MFCA) is the 
primary blood supply to the femoral head.7,9,10 Although 
the superior retinacular artery (SRA) of the MFCA appears 
to be the dominant vascular supply to the femoral head, 
its branches are often injured in the fracture setting as 
they are quite adherent to the femoral neck.11 The infe-
rior retinacular artery (IRA) of the MFCA however, is often 
preserved.11 Moreover, the IRA has significant vascular 
contributions to the weight- bearing dome of the femoral 
head given the extensive intraosseous anastomoses 
between the superior and inferior systems.12-15 As such, 
the IRA requires particular attention when performing 
open reduction and internal fixation of the femoral neck.

A recent cadaveric study determined that the IRA 
courses along the femoral neck between the clockface 
positions of 7:00 and 8:00,8 allowing a theoretical safe- 
zone for calcar plate application at 6:00. However, it is 
unclear if an anterior approach, followed by capsular 
retraction and calcar plating of the femoral neck, compro-
mises the vascularity of the femoral head and neck.16 
Therefore, the purpose of this study was to investigate 
the effect of calcar femoral neck plating on the regional 
vascularity of the femoral head and neck.

Methods
Cadaver specimens. After institutional ethics approval, 
six human cadavers (fresh- frozen, pelvis to bilateral mid- 
femur) were used (Anatomy Gifts Registry, USA). There 
were three male and three female specimens (mean 
age 59.2 years (standard deviation (SD) 9.5; 41 to 68); 
average BMI 22.8 kg/m2 (SD 9.1; 14.0 to 40.0). Causes 

of death were traumatic brain injury (n = 1), stroke (n 
= 1), leukaemia (n = 1), coronary artery disease (n = 1), 
drug overdose (n = 1), and complications of dementia 
(n = 1). No specimen had prior hip trauma nor surgical 
procedure.
Surgical technique. A Hueter approach17 with T- shaped 
capsulotomy along the intertrochanteric ridge was per-
formed bilaterally. The visible terminal branches of the 
LFCA were ligated. To visualize the inferior femoral neck, 
the leg was slightly flexed, abducted, and externally ro-
tated while a Hohmann retractor was placed along the 
inferior neck. Gentle superior retraction was provided 
with a right- angle retractor. In the experimental group, a 
five- hole 3.5 mm small fragment one- third tubular plate 
(DePuy Synthes, USA) was placed along the calcar at the 
6:00 position on the clockface, where 12:00 is defined 
as the superior neck and 3:00 is defined as the anterior 
neck.7 It was secured with three screws placed from in-
feromedial to superolateral at the neck, intertrochanteric 
region, and proximal shaft (Figure 1). All implants were 
then removed to allow for optimal MRI analysis; the cap-
sule was sutured, and a layered closure was performed. 
The contralateral hip served as a control with surgical ap-
proach, capsulotomy, and closure without fixation. The 
experimental and control limbs were randomly assigned 
for each cadaveric pair using a randomization computer 
program (Random Allocation Software, Iran).
Vascular injection. A secondary incision was made along 
the femoral triangle, and the MFCA was cannulated at 
its take- off level bilaterally. The LFCA was also cannulat-
ed, knowing that its perfusion would be limited by the 
ligation of visible terminal branches through the anterior 
hip approach. Following insertion, all vascular cannulae 
(model 30000; Medtronic, USA) were secured into place 
using silk sutures (Ethicon Black Braided: Johnson & 

Fig. 1

a) Photograph of a cadaveric left hip following a Hueter approach, capsulotomy, and application of a one- third tubular plate at the 6:00 position on the 
clockface. b) Corresponding radiographs (AP, lateral) of left hip demonstrating plate positioning along the medial femoral neck calcar at 6:00 on the 
clockface.
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Johnson, USA). This vascular infusion protocol has been 
previously used to quantitatively assess the arterial con-
tributions to the femoral head with contrast- enhanced 
MRI and CT.9

Quantitative MRI. A 3.0 T MRI was used with a quadra-
ture knee coil (General Electric Healthcare, USA). Study 
specimens all underwent a quantitative MRI proto-
col (consisting of a 20 cm field of view, 512 × 384 ma-
trix size, and 2 mm slice thickness), including pre- and 
post- manual injection of MRI contrast agent solution 
(Gadolinium- diethylenetriamine pentaacetic acid; Gd- 
DTPA at a 3:1 saline to Gd- DTPA ratio). A total of 15 ml of 
contrast solution was infused into the MFCA and 15 ml 
into the LFCA (total infusion volume of 30 ml) per hip. 
MRI imaging was reconstructed to a resolution of 0.4 × 
0.4×1.0 mm. Acquisition parameters consisted of repeti-
tion and echo times of 18.6 and 5.3 ms, respectively, and 
a 35° flip angle.

A previously described and validated method was used 
for quantitative MRI analysis.9,12,14,18-23 Fat- suppressed MRI 
images were analyzed to reduce signal caused by bone 
marrow and to optimize Gd- DTPA detail. One study inves-
tigator (JPD) used previously designed custom software 

based on IDL 6.4 (Exelis, USA) to analyze of specific 
intraosseous regions of interest (ROI) in the coronal plane 
of the proximal femur (Figure 2). The following ROIs were 
defined on multiple coronal MRI image slices: 1) supero-
medial femoral head; 2) superolateral femoral head; 3) 
inferomedial femoral head; 4) inferolateral femoral head; 
5) superior femoral neck; and 6) inferior femoral neck. 
Numerous studies have been published using similar 
MRI methodology for quantitative vascular analysis for 
multiple anatomical intraosseous sites, including the 
femoral head and neck, proximal humerus, talus, patella, 
calcaneus, and distal femur.9,12,18-21,23-26

Each ROI was assessed for signal intensity changes pre- 
and post- gadolinium injection for all MRI slices. These 
were also compared to the corresponding contralateral 
control hip to determine signal intensity changes within 
the same ROI for each MRI slice. Signal measurements 
were normalized with a baseline of non- enhancing 
muscle tissue proximal to the hip joint. Altogether, this 
yielded a weighted average (per voxel) of signal intensity 
measurements from both pre- and post- contrast MRI for 
each ROI in both control and experimental hips.
Statistical analysis. Statistical analysis was performed us-
ing SPSS software (version 1.0.0.1461; IBM, USA). As the 
data were not normally distributed with the Shapiro- Wilk 
test, Mann- Whitney U tests were used to compare quan-
titative MRI findings between groups, and p- value < 0.05 
was considered statistically significant. The decrease in 
perfusion of the regions of the femoral head and femoral 
neck was reported as the mean and SD.

Results
Quantitative MRI revealed a mean reduction of 1.8% (SD 
3.1%) of arterial contribution in the femoral head and a 
mean reduction of 7.1% (SD 10.6%) in the femoral neck 
in the femoral neck plating group compared to non- 
plated controls (Table I and Figure 3). The vascularity of 
the inferomedial quadrant of the femoral head trended 
towards being more affected than any other femoral head 
quadrant (mean reduction of 4.0% in arterial contribu-
tion as compared to the control limb; SD 6.6%) followed 
by the superomedial quadrant (2.7% reduction in arte-
rial contribution as compared to the control limb (SD 
6.7%)), while minimal reduction was observed in the 
other femoral head regions. No significant differences 
were found between control and experimental hips for 
each region of the femoral head and neck based on the 
Mann- Whitney U tests. However, a post- hoc power anal-
ysis revealed the study was underpowered.

On cadaveric dissection, the inferior retinaculum of 
Weitbrecht (IRW), which contains the IRA, was directly 
visualized in six of 12 hips (50%) in its inferiorly- based 
prolongation of the capsular wall. On qualitative MRI 
assessment, the IRA was identified and preserved in all 
12 hips (100%).

Fig. 2

Representative coronal MRI image of left hip demonstrating regions of 
interest for quantitative MRI analysis. Four regions in the femoral head 
(superomedial (SM), superolateral (SL), inferomedial (IM), and inferolateral 
(IL) quadrants) and two regions in the femoral neck (superior and inferior) 
were evaluated.
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Discussion
The results of this study demonstrate that calcar femoral 
neck plate application at the clockface position of 6:00 
through a Hueter approach resulted in a mean reduction 
of 1.8% of arterial contribution in the femoral head and 
mean reduction of 7.1% in the femoral neck compared to 
contralateral femora treated with surgical exposure alone 
without plating. Therefore, femoral neck plating appears 
to minimally affect the vascularity to the femoral head 
and neck.

Surgical treatment of young femoral neck fractures 
remains challenging with severe complications. Anatom-
ical femoral neck reduction is crucial to promote fracture 
union through primary bone healing given the pres-
ence of synovial fluid and lack of cambium periosteal 
layer in the femoral neck region.27 Stable fixation is also 

mandatory, although there is no consensus regarding 
the optimal fixation construct for these injuries. The 

Table I. Quantitative MRI results; additional arterial contribution in control 
versus experimental.

Region Mean (SD)† p- value*

Femoral head - full 1.8 (3.1) 0.818

Femoral neck - full 7.1 (10.6) 0.699

Femoral head - superomedial 2.7 (6.7) 0.937

Femoral head - inferomedial 4.0 (6.6) 0.818

Femoral head - inferolateral 0.0 (0.0) 1.000

Femoral head - superolateral 0.4 (0.9) 0.937

Femoral neck - superior 9.0 (14.9) 0.937

Femoral neck - inferior 5.2 (6.3) 0.818

*Mann- Whitney U test; significance set at p < 0.05.
†Mean regional decreases in quantitative MRI signal enhancementxof 
plated femoral necks compared to non- plated controls.

Fig. 3

Representative pre- and post- contrast coronal MRI images of a) control hip, and b) contralateral experimental hip following application of a five- hole one- 
third tubular plate 6:00 position on the clockface. The arterial contributions to the femoral head and neck, including both inferior and superior retinacular 
arterial systems, are preserved in the experimental hip.
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vertically- oriented, high energy, Pauwels type-3 femoral 
neck fracture requires particular attention given its higher 
rate of varus collapse and nonunion.3 Although no abso-
lute indications exist for femoral neck calcar plating, it 
may prove beneficial in these fracture patterns to miti-
gate high shear forces and promote higher union rates.5

Recent biomechanical data have demonstrated that 
addition of a calcar plate to laterally- based fixation can 
increase failure loads by 83%4 and decrease the rate of 
significant fracture displacement.28 In a clinical study 
involving 28 young adults with vertical femoral neck frac-
tures who underwent calcar buttress plating to augment-
lateral cannulated screw fixation, uncomplicated union 
was found in 25 patients (89.3%) at one year.16 There 
were three cases of nonunion and no cases of AVN. 
A similar construct was used in a retrospective study 
of 23 patients.29 There were two cases of early fixation 
failure but no cases of nonunion or AVN at 20 months 
follow- up. Further research is required to determine the 
optimal indications for supplementing laterally- based 
fixation with calcar femoral neck plating.

Despite early favourable clinical results, several 
inherent concerns exist regarding the application of a 
calcar plate for femoral neck fracture. First, it requires 
an open approach, which has recently been associated 
with a greater risk of reoperation compared to closed 
reduction methods.6 It is often the case, however, that a 
displaced femoral neck fracture in a young adult neces-
sitates an open approach to achieve an anatomical 
reduction. Second, application of the plate can be tech-
nically challenging in the setting of a tenuous reduction 
as it requires “figure 4” leg positioning. Provisional or 
definitive laterally- based fixation across the fracture can 
increase fracture stability to permit this leg positioning 
for calcar plating. Finally, there has been concern that an 
open approach followed by medial plate fixation compro-
mises the vascularity to the femoral head and neck.6

The vascular contributions to the femoral head and 
neck region have been well studied. The MFCA supplies 
82% of the femoral head and 67% of the femoral neck.9 
Although the extraosseous anastomoses between the 
MFCA and inferior gluteal artery are well described,30-32 
there also exists an extensive intraosseous anastomoses 
between the terminal branches of the MFCA within the 
femoral head.12 As such, although the SRA of the MFCA 
has conventionally been considered as the primary 
blood supply to the femoral head,30,32 the IRA maintains 
significant vascular contributions to the entire femoral 
head, including the weightbearing dome, as well.12-15 
This is particularly important in the setting of a femoral 
neck fracture as the SRA is often compromised due to its 
adherence to the superior femoral neck, whereas the IRA 
is often preserved13 as it lies within the IRW (an extrape-
riosteal infolding of synovial tissue) that is elevated off 
the bony surface of the femoral neck.13 Knowledge of the 

course of the IRA is therefore critical when performing 
open femoral neck reduction and fixation to avoid further 
damage to femoral head vascularity.

The IRA branches off the transverse MFCA inferome-
dially 4 cm from the lesser trochanter and travels 1 cm 
to then penetrate the capsule at the anterior- inferior 
neck. It then courses in a posterior- oblique direction 
within the IRW for 2.4 cm along the inferior femoral neck 
to then penetrate the head- neck junction to become 
intraosseous.10 Relative to the clockface, one study of 14 
cadavers with posteriorly- based hip approaches found 
the IRA inserted into the capsule at the anterior- inferior 
neck at a mean at 5:54.7 Following its posterior- oblique 
trajectory along the neck, its intraosseous penetration 
of five terminal branches 4 mm from the articular head- 
neck junction were found at a mean of 6:45 (4:50 to 
8:10). A more recent study8 of 30 cadaveric specimens 
in which anteriorly- based hip approaches were used 
identified the intracapsular IRA position as slightly more 
posterior, between the 7:00 and 8:00 positions, but the 
authors did not report the IRA trajectory. They did high-
light, however, that the lesser trochanter can be a useful 
landmark as it was found approximately 0:30 posterior 
to the position of the IRA. The slight discrepancy in IRA 
location between these anatomical studies may be due 
to the different approaches used, but nonetheless, the 
IRA seems to course between the 6:00 and 8:00 on the 
clockface.

Although the IRA was not directly isolated in the 
current study, it was visualized in half of our specimens 
at approximately the 6:00 to 7:00 position in the central 
neck, protected within the IRW. Of note, however, MRI 
analysis confirmed the presence and integrity of the IRA 
(within the IRW) in all specimens. As such, the surgeon 
must recognize that although direct visualization of the 
vessel is not always feasible, care should be taken to 
avoid its damage as it is consistently located along the 
posteroinferior neck. This is possible through hip external 
rotation, abduction and flexion as the capsule (and thus 
the IRA) falls away from the femoral neck. The IRA can 
be further protected by placing a Hohmann retractor on 
the inferior femoral neck and retracting the capsule and 
IRW inferiorly. This permits safe application of a femoral 
neck calcar plate at the 6:00 as it preserves the IRA and 
the arterial supply to the femoral head (Figure 4). Early 
clinical studies of femoral neck plating at 6:00 for young 
femoral neck fracture confirm this finding as no cases of 
AVN were found.16,29

This study is limited primarily due to its cadaveric 
design. The model used here does not replicate soft 
tissue damage associated with femoral neck fracture 
and will inherently overestimate perfusion. Nonethe-
less, a robust quantitative MRI protocol was used to 
address the research question. Plate removal, to facilitate 
optimal MRI detail, is another important limitation. The 
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plate was applied directly to bone in all specimens, and 
if any tissue was interposed (i.e. IRA), there would only 
be transient compression of the vessel as the plate was 
removed. In the clinical setting, however, the plate would 
be left in- situ and may have a more significant effect on 
vascularity. There was no lateral fixation applied in the 
current study, although early clinical studies examining 
outcomes of calcar plating with lateral constructs have 
found no detrimental effects to the femoral head blood 
supply. Finally, the study involved only six cadaver speci-
mens and was underpowered as per a post- hoc analysis. 
Although young femoral neck fractures remain a rela-
tively rare injury, current multicentre studies6 will shed 
valuable clinical information on the effectiveness and 
safety of femoral neck calcar plating.

The application of a femoral neck calcar plate at the 
6:00 clockface position resulted in a mean reduction of 
1.8% of arterial contribution to the femoral head and a 
mean reduction of 7.1% in the femoral neck compared 

to contralateral surgical exposure alone without plating. 
Therefore, during open reduction and fixation of displaced 
femoral neck fractures through an anterior approach 
in young patients, supplemental medial calcar plating 
may be considered to increase laterally- based construct 
stability in vertically- oriented or high energy fracture 
patterns. Careful dissection of the inferior femoral neck 
should be performed to preserve the IRA by elevating 
the capsule off bone, regardless of its direct visualization. 
Further clinical research is required to confirm that the 
application of a medial femoral neck plate does not lead 
to increased risk of nonunion orAVN.

Take home message
  - Application of a plate along the femoral neck calcar resulted 

in minimal decrease in vascularity to the femoral head and 
neck.
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