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Abstract
Objective

To investigate whether the Garden index can determine the rotational displacement of femoral neck
fracture.

Methods

Ten healthy human femoral specimens were obtained. A 2.0 mm diameter Kirschner-wire was placed in
the center of the femoral head. The osteotomy was perpendicular in the middle of the femoral neck. The
distal osteotomy surface was indicated the angle of rotation (pronation and supination to 90°, every 10°
was an interval). The X-ray of anterior-posterior and lateral view was taken at different angles according
to the mark. The Garden index and other relevant data were analyzed with the PCAS system. Meanwhile,
the change of the area of the femoral head fovea at different rotation angles was observed.

Results

There was no signi�cant difference in the Garden index in 0~30° at pronation and supination position
(P>0.05). In range of 40°~90°, there was a statistical difference in the Garden index (P<0.05). With the
increase of the pronation angle, the area of the femoral head fovea is gradually reduced; as the angle of
the supination increases, the area of the femoral head fovea is gradually increased.

Conclusion

The Garden Index cannot accurately determine the rotational displacement of the femoral neck fracture
during the pronation or supination range of 0~30°. Changes in the area of the femoral head fovea can
help determine the rotational displacement of the femoral neck fracture.

Level of Evidence

Level V. 

Introduction
Femoral neck fractures are one of the most common types of fractures in the clinic. Elderly patients with
displaced femoral neck fractures can achieve good results by applying joint replacement surgery. In
young people with femoral neck fractures, internal �xation operation is often chosen. However, certain
complications often occur after internal �xation, such as traumatic femoral head necrosis, hip pain,
function limitation, and fracture nonunion [1, 2], which result in a heavy economic and social burden to
the patient and the family. Some scholars suggest that the quality of the reduction of the femoral neck
fracture will affect the consequent of the internal �xator and the probability of secondary surgery after
internal �xation of the femoral neck fracture [3-5]. Although the open reduction of the femoral neck



Page 3/18

fracture can achieve anatomical reduction, there is a greater damage to the local blood supply, which
easily damages the blood supply system of the femoral head, and lead to the postoperative avascular
necrosis of the femoral head [6, 7]. Therefore, the current clinical reduction of femoral neck fractures is
often based on intraoperative C-arm �uoroscopy for closed reduction [8].

How to accurately judge whether the reduction of the femoral neck fracture during surgery is good in the
closed state. The previous literature proposed various methods, such as: the Garden Index [9], Lindquist
and Tornkvist's standard [10], the Western In�rmary Glasgow (WIG) Angle [11]. Among them, the Garden
index is the most classic. The index was �rst proposed by Garden in the 1964, and it was mentioned
again in the literature of 1971 [4] and 1974 [12]. It was later called the Garden Index. The anterior and
lateral X-ray angle measurement is de�ned as: In the antero-posterior radiograph these the fan-shaped
medial group of trabeculae in the head of the femur normally lie in alignment with their projections in the
adjacent pelvis, and a line drawn through the long axis of the group forms an angle of approximately 160
degrees with the medial cortex of the femoral shaft (Fig. 1). In the lateral view the central axis of the head
and the central axis of the neck lie in the same straight line (Fig. 1). The normal antero-posterior/lateral
relationship of the two fragments can thus be expressed as an alignment index of 160/180. This
reduction standard has been widely cited in the following clinical and literature and has become the most
classic standard method for reduction of femoral neck fractures in clinical practice.

In the internal �xation operation of femoral neck fractures, anatomical reduction plays an important role
in restoring blood supply after femoral neck fracture. Min et al [15] reported that the necrotic rate of
unsatisfactory reduction after femoral neck fracture was 68.8%. Garden [12] also believes that
malreduction of the femoral neck fracture will increase the rate of necrosis of the femoral head. Wang et
al. [16] also found that Garden line index and necrosis rate of femoral head after internal �xation
operation had a signi�cant correlation (OR = 3.475, P = 0.006), indicating that the worse the garden index,
the worse the patient's prognosis. All of the above studies suggest that we should undergo more
�uoroscopy and repeated �uoroscopy during the operation, as soon as possible to achieve anatomic
reduction, which can reduce the incidence of femoral head necrosis. However, Min et al [15] also reported
that the satisfactory postoperative reduction of femoral neck fracture but still had a 20% femoral head
necrosis rate. At the same time, the author also found some patients with a satisfactory Garden index
after operation still suffered from traumatic femoral head necrosis in long-term follow-up. In addition to
the commonly recognized factors (such as age, fracture classi�cation, internal �xation options, etc.), is
there still a rotatory displacement in the fracture line? Can the currently used Garden Index judge the
rotatory displacement of the femoral neck? In this study, based on the anatomy of cadaver specimens, a
rotatory displacement model of the femoral neck fracture was made. Then, according to the de�nition of
the Garden Index angle measurement, it is clear whether it can judge the rotatory displacement of the
femoral neck.

Materials And Methods
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This study was done at the Second A�liated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University in Wenzhou, Zhejiang, China and permission was obtained from the hospital Ethics
Committee.

Material

Five specimens of 10 upper femurs (no restrictions for men and women) are provided by the Department
of Anatomy, Wenzhou Medical University. The specimens of the corpses in the area are all healthy adult
cadaver specimens. The adult pelvis is visually observed and X-ray con�rmed no obvious abnormalities,
osteoporosis, old fractures and other abnormalities, and remove the surrounding soft tissues.

Specimen production method

A 2.0 mm diameter Kirschner wire was drilled into the center of the femoral head toward the lateral wall
of the femur, parallel to the long axis of the femoral neck. Then, a marker line on the long axis of the
femoral neck was made on the surface of the specimen, and the midpoint perpendicular line of the
marker line was used as the osteotomy line to perform vertical femoral neck osteotomy (Figure 2). The
intersection of the distal osteotomy surface of the femoral neck and the marked long axis of the femoral
neck was used as a 0° scale line, and the protractor was used to measure on the osteotomy surface,10° is
an interval, marked to the left and right, from 0° to 90° (Figure 3). Then, the distal femur of the osteotomy
surface was �xed with an acrylic resin on the standard anterior and lateral position, and the proximal
femoral head of the osteotomy surface was sequentially rotated and rotated with the Kirschner wire as
the center. A rotational model of the femoral neck fracture was made, with a clockwise rotation of the
proximal femoral head of the osteotomy surface as the pronation; a counterclockwise rotation for
supination (Fig. 4)

Measurement methods

Select the neutral position pronation and supination 0°, 10°, 20°, 30°, 40°, 50°, 70°, 90° for the anterior
and lateral X-ray photography and the distal fragment was in the neutral position (Fig. 5, 30° after the
pronation or supination). The image is uploaded and stored in our PACS imaging system, and its own
angle measurement tool is used to measure and calculate the garden index for each angle of the x-ray
�lm. At the same time, the area of the femoral head fovea was measured using the measurement
function of the PACS during the rotation.

Data processing and analysis: All data were statistically processed using SPSS 19.0 statistical software
package, and the practical mean ± standard deviation was expressed. There was a statistical difference
between p<0.05. The garden index of multiple groups was compared by analysis of variance (ANOVA).
After determining the statistical difference between the groups, the Tukey HSD method was further used
for comparison.

Results
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The garden index cannot determine the rotatory displacement of a femoral neck fracture within a certain
range.

1. Anterior-posterior view A total of 10 cadaver specimens, from 0° pronation to 90°, analysis of
variance showed statistical differences between the garden indices (p<0.01). Further Tukey HSD
method showed that there was no signi�cant different in the garden index on the x-ray during the 0°
to 30° process (p>0.05), and the values were all greater than 155°; During the rotation from 40° to
90°, the garden index showed a signi�cant different (p<0.05), and the values were all less than 155°,
as shown in Figure 6.

2. Anterior-posterior view A total of 10 cadaver specimens, from 0° supination to 90°, analysis of
variance showed statistical differences between the garden indices (p<0.01). Further Tukey HSD
method showed that there was no signi�cant difference in the garden index on the x-ray during the 0°
to 30°supination (p>0.05), and the values were all greater than 155°; During the supination from 40°
to 90°, the garden index showed a signi�cant difference (p<0.05), and the values were all less than
155°, as shown in Figure 7.

3. Lateral view A total of 10 cadaver specimens, from 0° pronation to 90°, analysis of variance showed
statistical differences between the garden indices (p<0.01). Further Tukey HSD method showed that
there was no signi�cant change in the garden index on the x-ray during the 0° to 30° process
(p>0.05); During the pronation from 40° to 90°, the garden index showed a signi�cant difference
(p<0.05), as shown in Figure 8.

4. Lateral view A total of 10 cadaver specimens, from 0° supination to 90°, analysis of variance
showed statistical differences between the garden indices (p<0.01). Further Tukey HSD method
showed that there was no signi�cant difference in the garden index on the x-ray during the 0° to 30°
process (p>0.05); During the supination from 40° to 90°, the garden index showed a signi�cant
change (p<0.05), as shown in Figure 9.

Changes in the Fovea area of femoral head can indicate a rotator displacement in the femoral neck
fracture

1. Changes in the fovea area of femoral head in the anterior-posterior view: During the rotation from 0°
to 90°pronation, the fovea area of the femoral head gradually became smaller until it �nally
disappeared. After 60° of the pronation, the existence of the fovea of femoral head was not observed,
and the area measurement could not be performed (Figure 10).

2. Changes in the fovea area of femoral head in the anterior-posterior view: During the rotation from 0°
to 90° supination, the fovea area of femoral head gradually increases until it is “embedded” inside
the femoral head, and the trend is reduced (Figure 11).

Discussion
After internal �xation of femoral neck fracture, traumatic necrosis of the femoral head is still a major
complication. How to reduce the rate of necrosis is a major problem in Orthopaedic Trauma[17, 18]. The
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blood supply of the femoral head is mainly from the medial and lateral femoral circum�ex artery. The
fracture is usually accompanied by the distortion, deformation and obstruction of the blood vessels in the
femoral neck region. At the same time, the pressure increase in the joint capsule after the fracture which
further reduces the blood supply to the femoral head, avascular necrosis of the femoral head occurs
when residual blood supply is not compensated [19,20]. Therefore, the quality of the reduction of the
femoral neck fracture is related to the blood supply of the femoral head. The anatomical reduction of the
femoral neck fracture can provide the best environment for the revascularization of the femoral head [21].
How to improve the quality of fracture reduction during surgery is particularly important [5].

The garden index was �rst proposed by Garden [9] in 1964 and is still the classic standard for clinical
reduction of femoral neck fractures. The speci�c content is: In the antero-posterior radiograph these the
fan-shaped medial group of trabeculae in the head of the femur normally lie in alignment with their
projections in the adjacent pelvis, and a line drawn through the long axis of the group forms an angle of
approximately 160 degrees with the medial cortex of the femoral shaft. In the lateral view the central axis
of the head and the central axis of the neck lie in the same straight line. The normal antero-
posterior/lateral relationship of the two fragments can thus be expressed as an alignment index of
160/180. At the same time, Garden [4] also pointed out that regardless of the anterior-posterior or lateral
position, the femoral head necrosis rate of the garden index between 155 ° and 180 ° is 6.6% (16/242),
less than 155 °, or more than 180 °, will greatly increase the incidence of femoral head necrosis, from
65.5% (53/81) to 100% (26/26). As a classic rule for evaluating the reduction quality of femoral neck
fractures, the garden index is still adopted by most orthopaedic surgeons.

However, the Garden Index is a measurement based on a two-dimensional plane, and it does not make
explicit provisions for rotatory displacement of the femoral neck in three-dimensional space. Therefore,
we used imaging studies of cadaver specimens to determine whether the garden index can determine the
rotatory displacement of femoral neck fractures. We found that within the range of pronation 30 ° or
supination 30 °, the garden index did not change signi�cantly, and there was no statistical difference.
Therefore, we believe that the rotatory displacement of femoral neck fractures within 30 °, the garden
index cannot be accurately judged. The rotatory displacement from 40 ° to 90 ° shows a signi�cant
change in the garden index no matter whether it is pronation or supination. According to our analysis, X-
ray is a two-dimensional planar image, but the femoral neck rotatory displacement in three-dimensional
space cannot be accurately judged, Only when the rotatory angle increases to a certain degree and there
is obvious misalignment, the garden index will change to some extent. This also prompts us to use the
garden index to evaluate the reduction quality is not completely reliable. We need more accurate
instruments such as intraoperative 3D CT to more accurately display the reduction quality of femoral
neck fractures.

We have also found some imaging markers in repeated research, in order to assist in determining the
rotatory displacement of femoral neck fractures during surgery. We initially found that during the
proximal rotation of the femoral neck fracture, the fovea area of femoral head on the anterior-posterior
view showed a certain change law, which can help judge the rotation of the femoral neck fracture during
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the operation. The fovea of femoral head is located at the center of the femoral head and connects the
round ligament. With the rotation of the femoral head, the fovea of femoral head appears on the two-
dimensional image of the X-ray, showing an increase or decrease in area. In the process of femoral neck
fracture reduction, it can be used to help judge the change of rotation.

However, how many degrees of rotatory displacement will affect the blood supply of the femoral head
and then cause necrosis of the femoral head? There are currently no relevant literature reports. We will
use animal experiments and clinical case follow-up studies for further veri�cation in future studies.

Abbreviations
PCAS Picture Archiving and Communication Systems

ANOVA analysis of variance
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Figure 1

Schematic diagram of the measurement of the positive side x-ray of the Garden Index with satisfactory
satisfaction

Figure 2

Insertion of the Kirschner wire before the osteotomy, concentric circular saw osteotomy A: central
positioning of the femoral head before osteotomy; B: marking of the femoral neck osteotomy; C: through
the osteotomy line, vertical femoral neck osteotomy.
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Figure 3

Scale production

Figure 4
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The femoral head rotation model makes the anterior and lateral position: A model �xed anterior position;
B: model �xed lateral position; C: osteotomy model �xation diagram

Figure 5

Schematic diagram of the rotation of the proximal model of the femoral head: A: 30°pronation; B:
30°supination
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Figure 6

When the femoral head is pronation, the antero-posterior phase garden index changes: A: no rotation to
the 90° pronation, the antero-posterio phase garden index does not change signi�cantly before 30°, and
40° begins to change signi�cantly; B: Analysis of variance showed that there was a statistical difference
between the groups during the pronation of the femoral head; C: the line graph clearly showed the trend
of the garden index.
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Figure 7

When the femoral head is supination, the antero-posterior phase garden index changes: A: no rotation to
the 90°supination, the antero-posterio phase garden index does not change signi�cantly before 30°, and
40° begins to change signi�cantly; B: Analysis of variance showed that there was a statistical difference
between the groups during the supination of the femoral head; C: the line graph clearly showed the trend
of the garden index.



Page 15/18

Figure 8

When the femoral head is pronation, the lateral phase garden index changes: A: no rotation to the 90°
pronation, the lateral phase garden index does not change signi�cantly before 30°, and 40° begins to
change signi�cantly; B: Analysis of variance showed that there was a statistical difference between the
groups during the pronation of the femoral head; C: the line graph clearly showed the trend of the garden
index.



Page 16/18

Figure 9

When the femoral head is supination, the lateral phase garden index changes: A: no rotation to the
90°supination, the lateral phase garden index does not change signi�cantly before 30°, and 40° begins to
change signi�cantly; B: Analysis of variance showed that there was a statistical difference between the
groups during the supination of the femoral head; C: the line graph clearly showed the trend of the garden
index.
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Figure 10

When the femoral head is pronation, the change of the fovea area of femoral head in the anterior-
posterior view: A: the fovea area of femoral head is gradually reduced during the process of not rotating
to the pronation 60°; B: The value of the fovea area of femoral head corresponding to each angle during
the pronation process; C: The line diagram clearly shows the change trend of the fovea area of femoral
head.
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Figure 11

When the femoral head is supination, the change of the fovea area of femoral head in the anterior-
posterior view: A: the fovea area of femoral head is gradually increases during the process of not rotating
to the supination 90°; B: The value of the fovea area of femoral head corresponding to each angle during
the supination process; C: The line diagram clearly shows the change trend of the fovea area of femoral
head.


