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Abstract
Intertrochanteric fractures, prevalent among older adults, pose significant clinical 
challenges due to high morbidity, mortality, and complication rates. Despite 
advancements in surgical methods and implant technology, one-year mortality 
remains between 20% and 30%, with up to 20% of survivors requiring revision 
surgery due to mechanical complications. Accurate fracture reduction and precise 
implant positioning are critical determinants of successful outcomes. This review 
synthesizes current literature on key radiographic parameters essential for 
evaluating fracture reduction quality and implant placement in intertrochanteric 
fracture fixation. Standardized intraoperative imaging techniques, such as correct 
anteroposterior and lateral fluoroscopic views, are fundamental for identifying 
malalignment. Important radiographic measures include the neck shaft angle, 
greater trochanter orthogonal line, anterior cortical line, and calcar displacement 
assessment. Reduction quality indices, notably the Baumgaertner and Chang 
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Reduction Quality Criteria, provide reliable frameworks for predicting mechanical complications. Additionally, 
implant positioning parameters—including tip-apex distance, Calcar-referenced tip-apex distance, Cleveland 
zones, and Parker’s ratio index—are discussed as predictors of mechanical complications. Enhanced understanding 
and application of these radiographic criteria can improve surgical precision, reduce complications, and ultimately 
optimize patient outcomes in intertrochanteric fracture management.

Key Words: Intertrochanteric fractures; Hip; Cephalomedullary nail; Reduction quality; Implant positioning; Complications; 
Radiographic assessment
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Core Tip: Intertrochanteric fractures are common in the older adult population and are typically treated surgically with a 
dynamic hip screw or an intramedullary nail with one-fifth of patients requiring reoperation. Accurate fracture reduction and 
optimal implant positioning are crucial for successful fracture healing and reducing reoperation rates. In this review, we 
examine the radiographic parameters emphasized in the current literature for assessing fracture reduction quality and implant 
positioning following intertrochanteric fracture fixation. This review offers orthopaedic surgeons an overview of key 
radiographic parameters for assessing intertrochanteric fracture fixation and enhancing risk factor identification.
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INTRODUCTION
Hip fractures in the older adult population pose a significant challenge in orthopaedic practice, primarily due to their 
high associated morbidity and mortality rates[1-4]. With the global population aging, the incidence of hip fractures, 
including intertrochanteric fractures is projected to rise to 21.3 million cases annually by 2050[5]. This surge will 
inevitably place considerable strain on healthcare systems worldwide[6].

Intertrochanteric fractures, occurring in adults over 60 years of age, are the most frequent types of hip fracture. These 
fractures are typically managed surgically using dynamic hip screws or intramedullary nails, with a trend towards 
intramedullary implants[7]. Despite advances in surgical techniques and implant design, outcomes remain sobering. One-
year mortality rates for patients with intertrochanteric fractures range from 20% to 30%[1,2], while 7% to 20% of survivors 
require reoperation due to mechanical complications such as secondary fracture displacement or implant failure[8,9].

Kaufer et al[10] identified the major risk factors for mechanical complications as bone quality, fracture pattern, implant 
selection, implant positioning, and reduction quality. Bone quality and fracture patterns are inherent patient factors, but 
meticulous surgical technique emphasising optimal fracture reduction and precise implant positioning is essential in 
order to minimize complications[11-16]. Poor reduction quality not only increases the risk of mechanical complications 
but also negatively impacts functional recovery and long-term quality of life[17,18].

This minireview aims to present a concise compilation of key radiographic parameters used to evaluate fracture 
reduction and implant positioning in intertrochanteric fracture fixation.

METHODOLOGY
A literature review was conducted using PubMed to identify outcome studies on intertrochanteric fractures that assessed 
the quality of reduction and implant positioning. Various measurement and assessment techniques were extracted and 
independently evaluated by two experienced surgeons (Wittauer M and Henry J) for their clinical relevance and 
practicality. In collaboration with the senior author (Yates P), a set of key radiographic parameters was then selected. This 
minireview did not adhere to the formal methodology of a standardized systematic review.

STANDARDISED IMAGING
Optimal fracture reduction and accurate intraoperative imaging are closely interrelated[19]. Rikli et al[20,21] provided a 
detailed description of the anatomical structures required for correct imaging of the proximal femur. To obtain a correct 
anteroposterior (AP) image the fluoroscope is positioned perpendicular to the femoral shaft and coronal plane, with the 
leg internally rotated so that the patella faces upward. The entire femoral head with its joint space, the femoral neck, both 
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Figure 1 Anatomical landmarks and lines of the proximal femur in anteroposterior and lateral view. A: Anteroposterior view; B: Lateral view. 
Greater trochanter (1), lesser trochanter (2), Calcar line (3), anterior line (4), posterior line (5), head-neck-shaft line (6).

trochanters, and the proximal portion of the shaft should be visible (Figure 1). This imaging modality allows observation 
of varus or valgus malalignment, rotational malalignment and coronal translational displacement.

To obtain a correct lateral image, the beam track should avoid the contralateral hip, aided by contralateral leg 
abduction, angled 30°-45° to the longitudinal axis of the injured leg. The fluoroscope must typically be positioned 
between 0° and 25° to the horizontal plane, depending on the patient’s femoral anteversion angle and limb rotation. A 
true lateral view is achieved when a straight diagonal line can be drawn from the middle of the femoral head, through the 
neck axis, and into the shaft (Figure 1). Correct fluoroscope positioning and proper fracture reduction are prerequisites 
for obtaining an accurate lateral view. In a well-reduced fracture on a true lateral view, the anterior line and posterior line 
appear continuous, without gaps or step-offs. The anterior line is traced along the anterior aspect of the femoral head, 
neck, and shaft in the lateral view, while the posterior line follows the corresponding posterior contour (Figure 1). Any 
displacement (ad latus deformity) between the head/neck fragment and the shaft results in step-offs along these lines and 
indicates sagittal plane translational displacement. Similarly, angulation, gaps, or openings in the anterior or posterior 
lines indicate rotational or angular deformities, such as external rotation/extension or internal rotation/flexion, 
respectively[20].

Achieving precise fluoroscopic AP and lateral views, as well as accurately assessing fracture displacement, is critical 
for correcting malalignment and achieving optimal reduction prior to implant positioning[19,22]. A good reduction may 
facilitate precise implant placement, as implants are designed to align with the anatomy of a reduced bone. Imaging, 
reduction, and implant placement exert reciprocal influence: Improving imaging may therefore enhance reduction 
accuracy[20].

RADIOGRAPHIC EVALUATION OF REDUCTION QUALITY
Neck shaft angle reduction
The importance of varus and valgus malreduction: Varus malreduction has been considered more detrimental than 
valgus due to the biomechanical disadvantage of increased stress at the fracture site. This occurs in varus malreduction 
because the centre of rotation at the hip joint moves further from the intramedullary axis. As the reduction is moved from 
valgus to varus, a compressive force close to the axis of the intramedullary nail transitions to one of high bending stress
[23]. Varus angulation has been associated with higher complication rates[16,23,24] and the theory is further supported 
by high union rates despite a high prevalence of valgus malreduction[25].

Measuring the neck shaft angle: Accurately assessing coronal plane angular reduction on radiographs is challenging, 
primarily due to the influence of femoral rotation. Variations in femoral positioning can alter the measured neck shaft 
angle (NSA) by up to 10 degrees on plain radiographs[26]. Excessive traction during surgery can also increase the NSA 
through valgus malreduction.

Many studies assess NSA by comparing side-to-side differences on plain radiographs, provided the contralateral hip is 
native and uninjured[24]. In our view, the NSA during and after cephalomedullary nailing should be compared to that of 
the uninjured hip, as it serves as a prognostic factor in the operative treatment of intertrochanteric fractures[27]. The 
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Figure 2 Neck shaft angle assessment in the anteroposterior view. A: Neck shaft angle (NSA) of the operated hip (violet α); B: NSA of the contralateral 
healthy hip (violet β).

method for measuring the NSA, originally described by Müller[28], remains valid today. For accurate measurement, the 
femoral head centre is determined using a circular template. The points where the template intersects the superior and 
inferior aspects of the femoral neck are connected to form a straight line. The femoral neck axis is then defined as the 
perpendicular line to this straight line that passes through the femoral head centre. The shaft axis is determined by two 
central points in the proximal femoral shaft, and the angle between these two axes represents the NSA (Figure 2).

However, surgeons must recognize the limitations of this approach, as it often involves comparing preoperative 
radiographs with intraoperative post-fixation images, where leg positioning is even less reliable. Additionally, individual 
patients may naturally exhibit small side-to-side differences in NSA due to congenital variations or acquired factors, with 
an average discrepancy of approximately 1.3 degrees[26].

Parry et al[29] described a method to calculate the true ‘corrected’ postoperative NSA using the known NSA of the 
implant. While valuable for research purposes, this method is time-consuming and impractical for routine clinical 
assessment. Another study classified any NSA below 160 degrees as malreduced[16]. However, this approach fails to 
account for individual variations in pre-fracture NSA, leading to both false positives and false negatives in coronal 
reduction assessment. Moreover, 160 degrees is an unusual threshold for defining a ‘normal’ NSA. Postoperatively, the 
NSA can continue to change, with Pajarinen et al[30] reporting a mean decrease of 5 degrees within the first six weeks 
after fixation.

Strictly speaking, while side-to-side comparisons of NSA are possible, quantifying and comparing NSA remains 
fundamentally flawed and inaccurate. The only truly reliable method for assessing NSA reduction quality would require 
access to recent pre-injury imaging of the fractured side, along with postoperative imaging where femoral rotation has 
been controlled or computed tomography has been used.

The greater trochanter orthogonal line & anterior cortical line: To assist with varus/valgus reduction Yoon et al[31] 
introduced a simple intraoperative technique in a CT-based radiographic cadaver study. The Greater Trochanter 
Orthogonal Line (GTOL) is an imaginary line drawn perpendicular to the anatomical axis of the femur, intersecting the 
tip of the greater trochanter. They proposed using the population mean of the GTOL passing 2 mm proximal to the centre 
of the femoral head as an intraoperative guide for varus/valgus reduction, demonstrating a consistent correlation with 
NSA. Using the GTOL for varus/valgus reduction assessment is easy and reliable, especially when compared to the 
healthy, uninjured side (Figure 3).

On the lateral image, another intraoperative reference line, the Anterior Cortical Line (ACL), has been described in the 
same article by Yoon et al[31]. This line, visible on a lateral projection of the proximal femur, follows the anterior cortex of 
the femur and extends proximally to intersect the femoral head. On average, the ACL passes 10 mm posterior to the 
centre of the femoral head (as seen on a lateral X-ray) and demonstrates a consistent correlation with femoral anteversion.

A concern with this methodology is that the reported figures represent mean values, whereas the range of results 
relative to the femoral head centre were broad (GTOL; -10 to 11 mm, ACL; -8 to 25 mm). Additionally, both lines will be 
influenced by limb positioning —GTOL by abduction/adduction and ACL by limb rotation. In our view, these 
measurements lack the precision needed to serve as definitive targets for individual patients in the absence of pre-injury 
imaging. However, they may still be useful in challenging cases where other landmarks are limited, providing a rough 
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Figure 3 Application of the Greater Trochanter Orthogonal Line: An orthogonal line perpendicular to the anatomical axis of the femur and 
passing through the level of the tip of the greater trochanter indicates its relative height to the femoral head, which is divided into four 
zones. A: The relative height postoperatively; B: Comparison with the contralateral healthy side.

intraoperative guide based on the mean values or using the healthy, uninjured side as reference.

The wedge effect – iatrogenic varus: The “Wedge Effect” first described by O'Malley et al[32] is the distraction of an 
intertrochanteric fracture site on nail insertion causing lateralization of the femoral shaft and varus malreduction of the 
femoral neck. It likely occurs when either the bony path for the proximal femur is under-prepared and the reamer ‘falls 
in’ to the fracture rather than reaming a passage, or the nail is accidentally inserted into a new location in the fracture that 
wasn’t prepared at all. Mingo-Robinet et al[33] expand on this concept by describing two intraoperative fluoroscopic signs 
that help identify the occurrence of the Wedge Effect: The Medialized Greater Trochanter (GT) Sign and the Cross Wire 
Sign. Comparing fluoroscopy images saved prior to nail insertion of a reduced fracture with the final post-fixation 
radiographs quantified the incidence of the Wedge Effect, which was observed in 9% of their patients. The Medialized GT 
sign is when the GT is moved medially by the nail’s insertion such that it overlies the intramedullary canal or medial 
cortex of the femur instead of sitting more laterally as would be expected. The Cross Wire Sign is a crossing of the axis of 
the guidewire with an imaginary line that passes through the centre of the femoral neck to the centre of the femoral head 
(the ideal location of the guidewire). The “Wedge Effect” causes the two lines to cross because the separation of the 
fracture site by the intramedullary nail proximally tends to hinge the neck medially causing a varus deformity.

Calcar displacement
The importance of calcar displacement and its influence on anteromedial cortical support in intertrochanteric fractures 
has been shown to be essential for achieving secondary stability. Chang et al[34] established a classification system distin-
guishing between positive, neutral, and negative cortical support in AP radiographs. Positive cortical support was 
defined as the medial cortex of the head–neck fragment being positioned medially relative to the medial cortex of the 
shaft. If the neck cortex is located laterally to the shaft, it is considered negative, indicating no cortical buttress. A neutral 
position is defined when the two cortices align smoothly in contact. The same concept was adapted by Tsukada et al[35] 
for postoperative stability on lateral radiographs. Calcar displacement was again classified into three types based on the 
relative position of the proximal head–neck fragment and the distal anterior femoral cortex: Reduced, anteriorly 
displaced proximal fragment, and posteriorly displaced proximal fragment. Their findings indicate that positive or 
neutral cortical support in the AP view, combined with a reduced or anteriorly displaced fragment in the lateral view, is 
associated with improved secondary stability. In contrast, a negative and posteriorly displaced head–neck fragment 
relative to the shaft leads to excessive sliding, femoral neck shortening, loss of NSA, and poor outcomes, and should 
therefore be avoided[36]. Figure 4 illustrates an example of a negative and posteriorly displaced head–neck fragment in 
both the AP and lateral views.

Quality of fracture reduction criteria
Baumgaertner Reduction Quality Criteria: Based on a retrospective analysis of hip fractures treated with sliding hip 
screws Baumgaertner et al[37] introduced their reduction quality criteria in 1995. Fracture reduction quality, and its 
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Table 1 Baumgaertner Reduction Quality Criteria

I Alignment

    a: AP view: Normal or slight valgus NSA

    b: Lateral view: Less than 20° of angulation

II Displacement

    a: AP view: Less than 4 mm of displacement of any fragments

    b: Lateral view: Less than 4 mm of displacement of any fragments

Reduction quality: 

Good: Both main criteria met

Acceptable: Only one main criterion met

Poor: Neither main criterion met

AP: Anteroposterior; NSA: Neck shaft angle.

Figure 4 Assessment of calcar displacement relative to the femoral shaft. A: Negative displacement of the head–neck fragment in the anteroposterior 
view; B: Posteriorly displaced head–neck fragment in the lateral view.

correlation with cut-out and failure, was also assessed using immediate postoperative radiographs and categorized as 
“good”, “acceptable”, or “poor” (Table 1). They observed a statistically significant increase in cut-out rates in the “poor” 
reduction group compared to the “good” reduction group. This suggests that achieving “good” reduction is associated 
with a lower risk of mechanical complications.

Chang Reduction Quality Criteria: Chang et al[36] in 2015 introduced the concept of positive medial cortical support and 
used this to develop a quality of reduction index based on both alignment and fracture displacement. For the NSA slight 
valgus or anatomical alignment is desired on AP view, and a range from 160-180 degrees on the lateral view. Fragment 
displacement focused on their anteromedial cortical support theory. These criteria are used to classify the quality of 
fracture reduction as “excellent”, “acceptable”, or “poor” (Table 2).

The authors emphasise the importance of achieving positive medial cortical support, as it contributes significantly to 
fracture stability and healing. While valgus alignment is important, the authors stress that it's not synonymous with 
positive medial cortical support. The two should be assessed independently. The results of their study showed that 
patients with “excellent” or “acceptable” reductions had significantly better functional outcomes than those with “poor” 
reductions. Additionally, the tip-apex distance (TAD) was significantly smaller in the “excellent” and “acceptable” 
reduction groups compared to the “poor” reduction group at all follow-up points. This indicates the relationship between 
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Table 2 Chang Reduction Quality Criteria

I Alignment

    a: AP view: Normal or slight valgus NSA

    b: Lateral view: Less than 20° of angulation

II Displacement

    a: AP view: Neutral or positive medial cortical support

    b: Lateral view: Smooth anterior cortical contact

Reduction quality: 

Excellent: All four sub criteria met

Acceptable: Two or three sub criteria met

Poor: One or no sub criterion met

AP: Anteroposterior; NSA: Neck shaft angle.

the quality of reduction and optimal implant placement.

Comparison of Baumgaertner Reduction Quality Criteria and Chang Reduction Quality Criteria: Mao et al[38] directly 
compared these two indices for assessing the quality of fracture reduction in a retrospective review of 127 proximal femur 
fractures treated with short intramedullary nailing. The authors applied the Baumgaertner Reduction Quality Criteria 
(BRQC) and Chang Reduction Quality Criteria (CRQC) to their cohort and looked for correlation with mechanical 
complications. They also analysed the TAD and the Cleveland zones for femoral neck component position. Mechanical 
complications were observed in 20.5% of patients. The most common complications were varus displacement, excessive 
lateral migration, as well as implant failure.

While the initial univariate analysis showed significant associations with both BRQC and CRQC, as well as TAD and 
femoral neck component position, further multivariate analysis to account for confounding variables showed that only 
CRQC and TAD were independent predictors for mechanical complications. They also found much greater interobserver 
reliability with the CRQC compared to BRQC. The authors acknowledged the retrospective nature and small sample size 
but concluded that the CRQC is a reliable tool for both clinical assessments and research applications, urging its adoption 
over the BRQC in the evaluation of trochanteric fracture reduction quality.

RADIOGRAPHIC EVALUATION OF IMPLANT POSITIONING
TAD
The concept of TAD was introduced by Baumgaertner et al[37] in 1995 to help to prevent nail cut-out, defined as the 
collapse of the neck-shaft angle into varus, resulting in the protrusion of the femoral neck component (screw or blade) 
from the femoral head[39]. Reported cut-out rates generally range from 2% to 15%[40-42]. TAD establishes a “no-go 
zone” for the placement of the intertrochanteric femoral neck component tip. It is calculated as the sum of the distances 
from the tip of the femoral neck component to the apex of the femoral head on both AP and lateral radiographs, 
measured along the femoral neck component’s central axis (Figure 5). A TAD of > 25 mm is associated with a significantly 
higher risk of femoral neck component cut-out[37,43].

Although a recent review suggests that computer-assisted navigation systems may help reduce TAD and improve lag 
screw positioning[44], several prospective studies have not demonstrated a consistent benefit in optimizing TAD or 
reducing outliers[45,46]. Similarly, evidence supporting robot-assisted orthopaedic trauma surgery remains limited[47]. 
While future advances in artificial intelligence may enhance these technologies and help with real-time reduction 
assessment, structured education and training continue to provide the most reliable improvements, particularly for less 
experienced surgeons[48].

Calcar-referenced tip-apex distance
Kuzyk et al[49] expanded on the TAD concept, recognizing that the calcar region provides greater resistance to screw 
breakage and varus collapse due to its higher bone density. The main difference lies in the measurement of the distance in 
the AP radiograph, where Calcar-referenced tip-apex distance (CalTAD) is measured from the apex of the screw or blade 
to a line adjacent the calcar (Figure 5), thus favouring a more inferior placement of the femoral neck component[50]. The 
TAD measurement of the lateral radiograph is then added. Although definitive cut-off values have not been set, cut-out 
has been more commonly observed in cases with a CalTAD exceeding 25 mm[40,51,52].

In a direct comparison, Kashigar et al[50] found a higher predictive value of CalTAD over TAD. Garabano et al[52] 
found CalTAD to be the only significant predictor of cut-out when greater than 25 mm in a multivariate analysis. 
Conversely, Lopes-Coutinho et al[53] found no superiority of CalTAD over TAD. Murena et al[54] showed that both TAD 
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Figure 5 Assessment of tip-apex distance and calcar-referenced tip-apex distance: Both measurements are calculated by summing two 
distances. A: On the anteroposterior view, tip-apex distance (TAD) is measured as the distance from the tip of the screw or blade to the apex of the femoral head 
(white double-headed arrow), while calcar-referenced tip-apex distance (CalTAD) is the distance to the intersection of the calcar reference line (dark blue) with the 
femoral head (light blue double-headed arrow). B: On the lateral view, the same distance from the tip to the apex of the femoral head (white double-headed arrow) is 
added to both TAD and CalTAD measurements.

Figure 6 Cleveland zones: The favourable femoral neck component positions—centre-centre and central-inferior—are highlighted in blue.

and CalTAD were significant predictors of cut out, but only TAD was found significant in multivariate analysis.
Although TAD and CalTAD are useful parameters for determining optimal femoral neck component positioning, high-

quality evidence remains limited. Current studies report varying optimal cutoff values, making it difficult to establish 
definitive recommendations. However, most studies suggest that a TAD or CalTAD exceeding 25 millimetres should be 
avoided.

Cleveland zones
The Cleveland zones system, first introduced by Cleveland et al[55] in 1959, provides a standardized framework for 
categorizing implant placement. This system divides the femoral head into nine zones: Three in the superior–inferior 
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Table 3 Summary of the key radiographic parameters used to assess quality of reduction and implant positioning

Parameter Imaging 
modality Strengths Limitations Recommendation

Parameters for quality of reduction

Neck shaft angle AP X-ray Simple, familiar measure; side-to-
side comparison possible

Affected by femoral rotation and 
traction; intraoperative leg positioning 
alters measurement; side-to-side 
variation exists naturally

NSA best compared to uninjured 
side; not reliably accurate without 
pre-injury imaging; avoid varus 
malreduction

Greater trochanter 
orthogonal line 

AP X-ray Easy intraoperative estimation; 
correlates with NSA; uses 
anatomical landmarks

Influenced by abduction/adduction; 
population-based average has wide 
range

Use as a rough intraoperative 
guide; more useful with 
contralateral comparison

Anterior cortical 
line 

Lateral X-ray Consistent mean correlation with 
femoral anteversion; helps identify 
rotational issues

Affected by limb rotation; broad range 
around mean; limited individual 
specificity

Can assist intraoperatively when 
other landmarks are limited

Calcar 
Displacement

AP and lateral X-
ray

Highlights medial cortical support; 
distinguishes 
positive/neutral/negative support

Requires high-quality views; 
subjective classification

Positive or neutral support (AP) + 
reduced/anterior displacement 
(lateral) associated with better 
outcomes

Wedge Effect signs 
(Medialized GT, 
Cross Wire Sign)

Fluoroscopy 
(Intraoperative)

Identifies iatrogenic varus 
malreduction during nail insertion

Requires saved pre- and post-insertion 
images for comparison

Avoid medialization and 
improper entry; contributes to 
varus malalignment

Baumgaertner 
Reduction Quality 
Criteria 

AP and lateral X-
ray

Simple alignment/displacement 
criteria

Less interobserver reliability; not 
predictive after multivariate analysis

Achieving 'good' BRQC predicts 
fewer mechanical complications, 
but CRQC is preferred

Chang Reduction 
Quality Criteria 

AP and lateral X-
ray

Includes medial cortical support; 
better interobserver reliability; 
predictive of outcomes

Slightly more complex; requires 
careful assessment of cortical contact

Recommended over BRQC; better 
predictor of complications and 
reduction quality

Parameters for implant positioning

TAD AP and lateral X-
ray

Easy to measure; well-established 
cut-off; widely used

Influenced by positioning; variability 
in measurement

TAD > 25 mm associated with 
increased cut-out risk; aim for < 
25 mm

Calcar-Referenced 
TAD

AP and lateral X-
ray

Accounts for stronger calcar bone; 
inferior placement favoured

Cut-off values vary; some studies 
show limited superiority over TAD

CalTAD > 25 mm linked to cut-
out; may be more predictive than 
TAD, but not conclusively 
superior

Cleveland zones AP and lateral X-
ray

Standardized 9-zone grid; easy to 
visualize component position

No direct distance measurement; 
qualitative zone allocation

Centre-centre and central-inferior 
positions have lowest cut-out risk

Parker’s ratio index AP and lateral X-
ray

Quantitative position assessment; 
applicable in both planes

Calculation required; multiple cut-off 
values proposed (58–65)

Higher index (superior/anterior) 
linked to increased complications; 
lower index < 60 
(posterior/inferior) preferred

AP: Anteroposterior; NSA: Neck shaft angle; TAD: Tip-apex distance; BRQC: Baumgaertner Reduction Quality Criteria; CRQC: Chang Reduction Quality 
Criteria; CalTAD: Calcar-Referenced tip-apex distance.

direction, assessed on an AP radiograph, and three in the anterior–posterior direction, assessed on a lateral radiograph 
(Figure 6). Generally, a centre-centre or central-inferior position of the femoral neck component within the femoral head 
is associated with a lower risk of cut-out[37,49,56-58].

Parker’s ratio index
First published in 1992, the Parker's ratio index assesses the position of the femoral neck component (screw or blade) 
within the femoral head[59]. It calculates the ratio of the distance from the centre of the femoral neck component to the 
inferior (or posterior) cortex, divided by the femoral head diameter, multiplied by 100 (Figure 7). This results in a value 
between 0 and 100, indicating the component's position from inferior/posterior (0) to superior/anterior (100) in both the 
AP and lateral views[60]. The reported cutoff values for the Parker's ratio index for femoral component cut-out range 
from 58 to 65[60,61]. Several studies have shown that superiorly or anteriorly placed femoral neck components, 
analogous to the Cleveland zones, are associated with a higher risk of mechanical complications[50,52].

Table 3 presents an overview of the key radiographic parameters used to assess fracture reduction and implant 
positioning.



Wittauer M et al. Radiographic evaluation in intertrochanteric fracture fixation

WJO https://www.wjgnet.com 10 August 18, 2025 Volume 16 Issue 8

Figure 7 Assessment of Parker’s ratio index = ab/ac × 100. A: In the anteroposterior; B: In the lateral view.

CONCLUSION
This review of radiographic parameters for evaluating fracture reduction and implant positioning in intertrochanteric 
fracture fixation highlights several key points: Standardized imaging techniques are crucial for accurate assessment of 
fracture reduction and implant positioning. Proper fluoroscopic views in both AP and lateral planes are essential for 
identifying and correcting malalignment. NSA restoration is critical, with varus malreduction being particularly 
detrimental. However, accurately measuring NSA remains challenging due to the influence of femoral rotation and 
individual anatomical variations. Novel radiographic aids such as the GTOL and ACL offer potential simple intraop-
erative guides for reduction assessment. The "Wedge Effect" is an important iatrogenic complication to recognize and 
avoid during nail insertion, as it can lead to varus malreduction. Calcar displacement and anteromedial cortical support 
play crucial roles in achieving secondary stability and predicting outcomes. Quality of fracture reduction indices, partic-
ularly the CRQC, show promise in standardizing reduction assessment and predicting mechanical complications. Implant 
positioning evaluation tools such as TAD, CalTAD, Cleveland zones, and Parker's ratio index provide valuable guidance 
for optimal femoral neck component placement within the femoral head. Ultimately, the successful management of 
intertrochanteric fractures requires a nuanced understanding of these radiographic parameters, combined with careful 
preoperative planning, meticulous surgical technique, and individualized patient care. As the incidence of these fractures 
continues to rise, ongoing refinement of assessment tools and surgical techniques will be crucial in improving outcomes 
and reducing the significant morbidity and mortality associated with these challenging injuries.
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