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Abstract
Aim: There are many evaluations of lag screw tip position. However, there is no comprehensive report on the evaluation of the alignment of the lag screw position 
relative to the cervical axis from the nail hole to the femoral head. Purpose of this study is to analyze the relationship between the reduction status and the alignment 
of the lag screw in patients with intertrochanteric fractures treated with intramedullary nails (IHN), using postoperative computed tomography (CT).

Patients and methods: Postoperative CT evaluation was performed in 100 intertrochanteric fractures (23 men and 77 women), which were randomly selected from 
237 cases, treated with IHN. The mean patients’ age at the time of surgery was mean age 83.9±8.9 years (61 to 96). The position of the nail, fracture reduction status, 
and direction of the screw relative to the femoral neck were assessed by axial plane CT. The angle between the screw and the femoral neck axis (deviation angle) was 
measured and deemed positive with the presence of anterior deviation.

Results: The proximal fragment was posteriorly displaced in 82 patients, anteriorly displaced in one patient, and nondisplaced in 17 patients. The lag screw was 
positioned at the anterior third relative to the femoral neck in eight patients, the middle third in 15 patients, and the posterior third in 77 patients. The lag screw was 
deviated in 61 patients, with a mean deviation angle of 11.6±10.9° (7.2 to 37.5). When the screw was inserted parallel with the femoral neck, 84.6% (34/39) of the 
patients had displaced fragments, and most (33 patients) were posteriorly displaced. In 17 nondisplaced cases, posterior to anterior deviation of the lag screw direction 
was observed in 12 patients (70.6%).

Discussion: Anatomical reduction and proper positioning of the lag screw were rarely achieved simultaneously in IHN surgeries, possibly because of anterior offset 
of the femoral neck relative to the femoral shaft. New concepts in intramedullary nail design such as nails with an anterior offset will be required to achieve better 
CT results with IHN.
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Introduction
A dramatic increase in the number of osteoporotic fractures has 

been recognized in aging populations [1-3]. Among osteoporotic 
fractures, hip fractures are a leading cause of disability, morbidity, 
and mortality in older patients, and are now a global burden in public 
health [4,5]. Intramedullary hip nailing (IHN) is popular for internal 
fixation of intertrochanteric fractures because of its advantages, namely, 
efficient load transfer, less soft tissue damage, and shorter operative time 
compared with sliding hip screws, and is preferentially used for reverse 
oblique intertrochanteric fractures [6-9]. However, previous studies 
reported that IHN causes complications such as loss of reduction and 
cut-out, and that IHN is associated with a higher risk of intraoperative 
and later femoral fractures and higher reoperation rates compared with 
sliding hip screws [10,11]. In addition, several studies reported that 
rotational malalignment was frequently observed after IHN surgeries 
[12-14]. Unstable fracture type, non-anatomical reduction, nonoptimal 
lag screw positioning, and tip–apex distance > 25 mm were identified 
as risk factors for cut-out after IHN [15,16]. 

Although the optimal surgical technique for IHN is still 
controversial, researchers agree that anatomical reduction of the 
fracture and proper positioning of the lag screw are critical for 
successful treatment, and that the center of the femoral neck on the 
lateral view is considered the ideal position for the lag screw [17-20]. 
There are many evaluations of screw tip position of the lag screw [17-
20]. However, there is no comprehensive report on the evaluation of the 
alignment of the lag screw relative to the cervical axis from the nail hole 
to the femoral head. The objective of the present study was to evaluate 
reduction status and the positioning of the lag screw in patients with 
intertrochanteric fractures treated using IHN and evaluated with 
postoperative computed tomography (CT).
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Results
We analyzed data for 100 patients with intertrochanteric fracture 

treated with IHN (23 men and 77 women). The mean age of the 
patients at the time of surgery was mean age 83.9±8.9 years (61 to 96). 
Patients’ mean body height was 149.1±9.2 cm (132 to 172), and the 
mean follow-up period following surgery was 33.4±29.9 months (1.2 to 
165.5). Fracture types according to the AO Foundation and Orthopedic 
Trauma Association (AO/OTA) classification was 31-A1 in 20 patients 
and 31-A2 in 80 patients. Multidetector CT images with 1-mm slice 
thickness were obtained 7.9±16.5 m (0.1 to 110.8) postoperatively.

The position of the lag screw at the nail level was in area A in 8 
patients, area C in 15 patients, and area P in 77 patients. The distance 
between the lag screw on the center of the nail and the femoral neck 
axis was 4.6±2.8 mm (-4.0 to 12.6).

The proximal fragment was posteriorly displaced (posterior 
displacement) in 82 patients, anteriorly displaced (anterior 
displacement) in 1 patient, and nondisplaced in 17 patients (17.0%). 
The displacement distance in the posterior displacement cases was 
4.6±2.8 mm (-3.8 to 12.0).

Regarding deviation of the lag screw direction, 39 patients were 
non-deviated: A in 2 patients, C in 12 patients, and P in 25 patients. 
In most of the non-deviated patients, the proximal fragment was 
posteriorly displaced (33/39 patients) (Table 1). Deviation of the 
screw direction was observed in 61 patients: AP in 7 patients and PA 
in 54 patients, indicating that deviation from posterior to anterior was 
dominant (Table 1). The deviation angle of the lag screw was 11.6±10.9° 
(7.2 to 37.5).

Representative patient

A 93-year-old woman was diagnosed with intertrochanteric 
fracture (AO/OTA 31-A2, unstable type) and underwent IHN (Figure 
2). CT demonstrated that the nail was inserted posterior to area C, 
and that the direction of the screw was PA (deviation angle, 16.7°). 
Full weight-bearing was allowed 3 weeks postoperatively. Cut-out was 
confirmed by radiography 25 days postoperatively, and she underwent 
hip hemiarthroplasty.

Discussion
In this study, we analyzed the frequency of anterior/posterior 

displacement of intertrochanteric fractures and deviation of the lag 
screw after IHN confirmed using CT evaluation. Regarding reduction 
of the fracture fragments, 82% of the fragments were posteriorly 
displaced even though we confirmed fracture reduction using an image 
intensifier before inserting the nails. When the screw was inserted 
parallel with the femoral neck in the axial plane (zone A, zone C, or 
zone P), 84.6% (34/39) of patients had displaced fragments, and most 
(33 patients) were posteriorly displaced. Conversely, in 17 nondisplaced 
cases, PA deviation of the screw direction was observed in 12 patients 
(70.6%) (Table 1). These results suggest a disadvantage of IHN for 
internal fixation of intertrochanteric fractures because achieving 
both simultaneous anatomical reduction (at least no displacement in 
anterior or posterior direction between proximal bone, femoral head 
side, and distal bone, femoral shaft side) and proper positioning of the 
lag screw was rare.

We speculate that this finding was caused by anterior offset of the 
femoral neck relative to the femoral shaft. Toogood et al. analyzed 
200 disarticulated adult skeletons, and found that the femoral head, 
and therefore, the femoral neck, tended to be deviated anteriorly 

Patients and methods
We evaluated 100 patients with intertrochanteric fractures treated 

with IHN at two participating hospitals from 2002–2018. These cases 
were randomly selected from 237 cases of femoral intertrochanteric 
fractures. Surgeries were performed in the supine position on a traction 
table with image intensifier guidance. Reduction was performed 
in a standard manner by traction and adduction of the leg, and the 
reduction was confirmed by anteroposterior and lateral images. A 
guidewire was then introduced from the tip of the greater trochanter, 
followed by inserting the femoral nail, after reaming. The position of 
the tip of the lag screw was aimed at the center or the inferior half of the 
femoral head on the anteroposterior view and the center of the femoral 
head on the lateral view. 

The femoral neck was divided into three areas along the axial 
plane of the CT images (A: Anterior, C: Central and P: Posterior), 
and the position of the lag screw relative to the femoral neck was 
categorized (Figure 1). The minimum distance between the central 
axis of the femoral neck and the center of the nail was measured, and 
posterior positioning of the nail was considered positive positioning. 
The reduction status of the fracture and the position of the lag screw 
were assessed by postoperative CT. “Anatomical reduction” in this 
study was defined as no displacement (± 1 mm) in the fractured 
fragments between proximal bone including femoral head and distal 
bone including femoral shaft excluding trochanter major and minor; 
“posterior displacement” of the fragments was defined as a posteriorly 
displaced proximal fragment; and “anterior displacement” was defined 
as an anteriorly displaced proximal fragment. The maximal gap length 
between the anterior walls of the proximal and distal fragments was 
also measured (Figure 1). 

The lag screw deviation from at the level of center of the nail to 
the tip of the lag screw was categorized. When both the point at the 
center of the nail and the tip of the screw were in the same area, the 
screw direction was defined as “no deviation”. The lag screw was 
considered deviated when the point of the screw at the center of the 
nail and tip of the screw were in different areas, and was categorized 
as AP (from anterior to posterior) or PA (from posterior to anterior) 
according to the direction of the lag screw. The angle between the screw 
and the femoral neck axis was also measured, with anterior direction 
considered positive deviation. 

Figure 1. Reduction status of the fracture and position of the lag screw were assessed by 
axial plane CT. (A) The femoral neck was divided into three areas on axial plane CT images 
(zone A: Anterior, zone C: Central, and zone P: Posterior), and the position of the lag screw 
relative to the femoral neck were categorized. We measured the angle between the screw 
and the femoral neck axis and defined anterior deviation as positive. (B) Displacement of 
the fragment was quantified by measuring the maximal gap length between the anterior 
walls of the proximal and distal fragments (a). We assessed the position of the lag screw 
relative to the femoral neck by measuring the angle (b) between the central axis of the 
femoral neck (1) and the lag screw (2). The minimum distance (c) between the central axis 
of the femoral neck (1) and the center of the nail (2) was measured. We defined posterior 
positioning of the screw as positive. CT, computed tomography
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Figure 2. Case presentation: (A) A 93-year-old women with a right intertrochanteric fracture (AO/OTA 31-A2) underwent IHN, for fracture repair. (B & C) Axial plane CT images showing 
that the lag screw at the nail level (a) is positioned at area P. Note that the lag screw touches the posterior wall of the femoral neck (arrow). The surgeon instinctively choses a route with less 
resistance, preventing accidents. As a result, the lag screw was inserted from posterior to anterior to prevent the wall damage. (D) Cut-out occurred 25 days postoperatively.
AO/OTA, AO Foundation and Orthopedic Trauma Association; IHN, intramedullary hip nail; CT, computed tomography

Lag Screw Direction
Deviation (−) Deviation (+)

Anterior Central Posterior PA deviation AP deviation

Anterior/Posterior 
displacement

 (-)

5 12

Posterior displacement

2 12 19 42 7

Anterior displacement

1

Table 1. The relationship between the reduction status and the lag screw direction

Numbers indicate the number of patients. PA: posterior-anterior; AP: anterior-posterior
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Figure 3. A possible mechanism explaining how anterior offset of the femoral neck affects 
the reduction status and the direction of the lag screw. Because of the anterior offset, the lag 
screw at the nail level is placed posteriorly relative to the femoral neck axis (1). When the 
lag screw is introduced parallel with the femoral neck, the screw may hit the posterior wall 
of the femoral neck. If the lag screw is inserted deeply, intraoperative posterior displacement 
(arrow) because the distal part of the bone is spreading, or destruction of the posterior wall 
may occur (2). To avoid this, lag screws are frequently inserted from posterior to anterior 
(3). This third figure is visualized results of this study. Backward moment (black arrow) by 
PA deviation may become the cause of postoperative posterior displacement (4)

[21]. We also confirmed anterior offset of the femoral neck relative 
to the femoral shaft, in our study, because lag screw at the level of 
the intramedullary nail, namely the nail itself, was positioned at area 
P in 77% of patients. Because of this anterior offset of the femoral 
neck, when the lag screw is introduced parallel with the femoral neck, 
the screw may hit the posterior wall of the femoral neck, which leads 
to posterior displacement of the fragment or even to destruction of 
the posterior wall (Figure 3). We observed defects in the posterior 
wall in approximately 10% of the patients in this study. To avoid this, 
lag screws were frequently inserted in the PA direction (Table 1); 
however, deviation of the lag screw in this direction may cause reduced 
mechanical strength by shearing forces, and result in malalignment of 
the fracture and/or postoperative posterior displacement by backward 
moment (Figure 3) [20,22-24].

In conclusion, we found it difficult to achieve simultaneous 
anatomical reduction, at least between femoral head and femoral shaft 
in anterior/posterior direction, and proper positioning: zone C of the 
lag screw in IHN surgeries. We suspect this was because of anterior 
offset of the femoral neck relative to the femoral shaft. Therefore, new 
intramedullary nail designs such as nails with anterior offset are needed 
to achieve better CT results with IHN for intertrochanteric fracture 
repair.
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