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Proximal femoral fractures (PFFs) are considered one of the most frequent situations 
faced by orthopaedic surgeons. Many lines of management had been described. 
Although management of PFFs with cephalomedullary nails (CMNs) is now considered 
the gold standard with many mechanical and biological advantages, this technique 
may have some disadvantages such as residual peritrochanteric pain, limping, limited 
walking distance, and difficulty with stairs. These complications may be attributed to 
fracture malreduction with shortening, which may result in either malunion or non-
union and ultimately implant failure. The resultant proximal femoral shortening (PFS) 
with alteration of the proximal femoral mechanics may affect both the hip abduc-
tor function and the daily patient activities. The purpose of this short review is to 
discuss the assessment and secondary effects of PFS after treating femoral fractures 
with CMNs.
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Introduction
Proximal femoral fractures (PFFs) frequently occur in the 
elderly population,1 which represent a medical and socio-
economic burden, with a reported global annual incidence 
of approximately 1.3 million.2 This number is predicted to 
increase to about 6 million by the year 2050.3 Using cepha-
lomedullary nails (CMNs) or the so-called proximal femoral 
nails (PFNs) for treating these fractures became the gold stan-
dard approach since its introduction in the 1980s.4-6 The min-
imal invasiveness of the procedure, early weight-bearing, the 
relative simplicity of the surgery, and theoretical mechanical 
advantages are considered the main benefits of using these 
devices.7,8

However, employing these devices has some complica-
tions, which may be considered serious, including iatrogenic 
neck of femur fractures, comminution and displacement 
of the trochanteric area, distortion of the proximal femoral 
anatomy, femoral head osteonecrosis, and residual symp-
toms.9,10 Persistent postoperative complaints such as residual 
peritrochanteric pain, limping, limited walking distance, and 
difficulty with stairs may be attributed to fracture malreduc-
tion, which may result in either malunion or nonunion and 
ultimate implant failure.11,12

Proximal femoral shortening (PFS) is a frequent find-
ing after internal fixation of PFFs using CMNs, which may 
contribute to postoperative limping and walking limita-
tion.13,14 Several reports have demonstrated an association 
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between PFS and reduced postoperative physical activity 
in these patients.15,16 Furthermore, PFS has been shown to 
have a negative effect on gait velocity, in addition to caus-
ing gait symmetry.15 According to Zlowodzki et al,14,16 most 
surgeons believe that PFS adversely affects the hip abductors’ 
function and hip mobility and eventually cause a deficiency 
in patients’ physical activity. Additionally, the resultant leg 
length discrepancy (LLD) may affect the spine, pelvis, and 
joints of the lower limbs.17

Radiological Assessment of PFFs after 
Management Using PFNs
On a proper anteroposterior (AP) view of the pelvis show-
ing both sides with a known magnification of the X-ray or 
the presence of calibration (like a coin), evaluation is done 
as proposed by Paul et al,18 where they used the following 
approach (six steps for both sides on the AP X-ray) (►Fig. 1):

	• Step 1: Define the shaft axis (F) by establishing two mid-
points within the medullary canal. The first point is as 
distal on the X-ray as possible, and the other point is at 
the level of the distal margin of the lesser trochanter. Both 
points are connected with a line.

	• Step 2: Define the femoral head center (C) by establish-
ing the best-fitting circle over the femoral head. The circle 
center will be the femoral head center.

	• Step 3: Identify the adjustment for leg rotation by measur-
ing the length of the lag screw on the X-ray; then, compare 
this with the known lag screw length.

	• Step 4: A line is then drawn from the femoral head center 
(C) to the two points located at the midpoint of the neck; 
this line represents the axis of the femoral neck (N).

	• Step 5: A line is drawn tangential to the greater trochan-
ter along with the shadow of the abductors, which rep-
resents the path of the abductor muscles (B).

	• Step 6: Compare all the measurements with the healthy 
contralateral side.

What Should Be Measured?

	• Femoral offset (►Fig. 2A) is the length of a line from the 
femoral head center (C) passing perpendicular to the 
long axis of the femur (F). This measurement should be 
adjusted according to the determined leg rotation men-
tioned in step 3. The average offset ranges from 41 to 
44 mm and is related to the size of the femur.19

	• Abductor lever arm (►Fig.  2B) is the length of a line 
drawn from the femoral head center (C) to intersect the 
line of the path of the hip abductor muscles (B) at 90°.20

	• Neck–shaft angle (NSA) (►Fig. 3A) is defined as the angle 
between the long axis of the femoral shaft (F) and the 
long axis of the femoral neck (N). NSA is also known 
as the angle of the femoral neck. Normal NSA varies 
between 120° and 140°.21

	• Proximal femoral varusis defined as NSA of less 
than 120°, while femoral neck varus collapse is defined 
as a decrease in NSA greater than 10° compared with 
the healthy contralateral side.14,16

	• Lag screw telescoping (►Fig. 3B) is measured as the outer 
prominence of the lag screw from the edge of the nail or 
the lateral femoral cortex if intact (this value should be 
compared with the measurements recorded from the 
follow-up radiographs).18

	• Leg length discrepancy (LLD) (►Fig. 4A) is the distance 
from an identical point on the lesser trochanter on both 
sides to a fixed reference line (trans-teardrop line or 
trans-ischial line).

	• Tip apex distance (►Fig. 4B) is the sum of the distance 
measured on both an AP radiograph and a lateral radio-
graph from the lag screw tip to the femoral head apex, 
after controlling for X-ray magnification.22

Discussion
The collapse of a comminuted intertrochanteric fracture usu-
ally occurs once the patient starts early weight-bearing, and 
this is considered one of the leading causes of PFS. Healing in 
this shortening position will affect both the hip offset and the 
abductor lever arm.23-27

PFS leading to a distorted trochanteric–hip biomechanical 
relationship will negatively affect abductor muscle strength 
and may lead to persistent gait parameters deficiency. The 
effect of these biomechanical changes was described in 
details in the hip arthroplasty literature.20,28,29

Paul et al measured shortening as the lag screw telescop-
ing through the lateral femoral cortex and the measured lag 
screw tip movement inside the femoral head. In their series, 
they found that the average lag screw telescoping through 
the proximal femur lateral cortex was approximately 3.3 mm 

Fig. 1  Preliminary landmarks on AP pelvis radiographs showing both 
hips (C: center of the femoral head; F: the anatomical axis of the 
femur; B: the path of the abductor muscles; N: femoral neck axis).
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in an unstable fracture group and approximately 1.2 mm in 
a stable fracture group. The average lag screw tip migration 
inside the femoral head was 1.7 mm. They concluded that 
proper fracture reduction and fixation would lead to the 
restoration of the hip biomechanics, which is mandatory for 
better functional outcomes.18

Gilat et al, in their study investigating the effect of PFS 
on the patient’s functional outcomes, found that 43.5% of 
the patients experienced PFS that ranged from 5 to 9.9 mm, 
while in 17% the shortening was more than 10 mm. They 
concluded that PFS commonly occurs after intertrochanteric 
hip fractures fixation using CMNs, and this shortening is 
closely related to poor functional outcomes as well as early 
implant failure.30

McGrory et al28 stated that femoral offset restoration and 
preservation of the abductor lever arm are correlated posi-
tively with the hip abduction strength as well as the range.

If the PFS is significant enough to cause a notable LLD, 
it may lead to secondary effects on the spine, causing com-
pensatory scoliosis, which will aggravate further degenera-
tive changes and low back pain.31 On contralateral hip and 
both knees, it may lead to asymmetric weight and force 
distribution on the joints, which may lead to degenerative 
changes.17

Fig. 2  Assessment of the femoral offset and the abductor lever arm. (A) Femoral offset: measured as the length of a line from the center of 
rotation of the femoral head (C) passing perpendicular to the long axis of the femur (F). (B) Abductor lever arm compared on both sides: the 
length of a line from the center of the femoral head (C) is drawn to intersect the line of the path of the abductor muscles (B) at 90.

Fig. 3  Assessment of the femoral neck–shaft angle (NSA) and the 
presence of telescoping of the lag screw. (A) Femoral NSA: the angle 
between the long axis of the femoral shaft (F) and long axis femoral 
neck (N). (B) Telescoping of the lag screw: measured as the lateral 
prominence of the lag screw to the edge of the nail.
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Conclusion
The use of CMNs is considered the gold standard to treat 
PFFs. Although it has many advantages, alteration of proxi-
mal femoral mechanics is one of the common complications, 
especially PFS. Great care should be taken during surgery to 
restore the femoral length as well as to preserve the proximal 
femur biomechanics in comparison to the healthy side.
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