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ABSTRACT

Introduction
Posterior tilt of the femoral head in femoral neck fractures (FNF) may influence stability of 
the fracture and may therefore affect the treatment outcome. Posterior tilt can be measured 
with different methods. The Lateral Garden Angle (LGA) has been used for this purpose for 
decades and more recently the Posterior Tilt Measurement (PTM) was introduced. Despite 
the fact that both methods (LGA and PTM) are used in multiple studies, they have never 
been compared for reliability in a direct study. The aim of this study is to analyze the intra 
and inter observer variability of the LGA described by Garden and the PTM according to 
Palm.

Methods
Four observers measured the posterior tilt on the radiographs of 50 FNF two times with 
both methods. Intra and inter observer reliability were determined for the LGA and the 
PTM.

Results
The intra observer reliability for both methods is substantial with an intra class coefficient 
of 0.75. The inter observer reliability of the PTM is also substantial with an intra class coef-
ficient of 0.75 compared to a moderate reliability of the LGA with an intraclass coefficient 
of 0.60.

Conclusion
Based on our results we believe the LGA and the PTM are both reliable methods to measure 
posterior tilt. Yet the Posterior Tilt Measurement seems to have a better inter observer 
reliability and therefore has a slight preference over the Lateral Garden Angle. 
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INTRODUCTION

Posterior tilt, also known as retroversion or anterior angulation of the femoral head, is diag-
nosed on the lateral radiograph of the hip. If there is displacement in the transverse plane, 
it often concerns posterior tilt of the femoral head due to the mechanism of the trauma and 
the anatomy of the hip. FNF are usually classified using the Garden Classification.1 This clas-
sification is solely based upon the AP radiographs. Consequently the tilting of the femoral 
head in the anterior and posterior direction is not included in this classification.2 Over the 
years several authors described the influence of pre-operative posterior tilt on the risk of 
reoperation rate, avascular necrosis or non-union of femoral neck fractures (FNF).3-11

Figure 1. A. Lateral Garden Angle (LGA) is measured according to Gardens description using the tra-
beculae on the lateral view of the X-ray. The central axes of the femoral head and the neck normally lie 
in a straight line 180°.2,12 B. The posterior tilt of the femoral head is determined by the angle between 
two lines, the mid-collum line (MCL) and the radius collum line (RCL). The middle of the collum (femo-
ral neck) is determined by drawing three perpendicular lines across the narrowest part of the collum, 
with 5 mm between each line. The RCL is drawn from the middle of the femoral head to the intersec-
tion of the MCL and the caput circle.7 
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There are several ways to measure posterior tilt. Most used is the Lateral Garden Angle 
(LGA), which originates from the Garden Alignment Index (GAI) that was introduced by 
Garden to determine the position of the femoral head after reduction (Figure 1A).2,12 This 
index describes the anteriorposterior fracture angle(APA) and the Lateral Garden Angle 
(LGA) of the femur. The LGA is used by several authors for measuring posterior tilt.3-5 

In 2009 Palm et al. suggested a new method to measure posterior tilt, the Posterior Tilt 
Measurement (PTM) (Figure 1B). He stated the LGA to be a too unreliable method.7 Yet 
literature provides no evidence regarding the reliability of the LGA. The PTM is also widely 
used.6,8-11,13 According to some authors this new way of measuring posterior tilt has an excel-
lent inter and intra observer reliability. The interclass coefficient varies between 0.77–0.94 
and the intraclass coefficient varies between 0.77–0.97.6,7,13 

However, despite the fact that both methods (LGA and PTM) are used in multiple studies, 
they have never been compared for reliability in a direct study. The aim of this study is to 
analyse the intra and inter observer variability of the LGA described by Garden and the PTM 
according to Palm. 

METHODS

Fifty radiographs of pre-operative undisplaced FNFs were collected from a database of undis-
placed FNFs.14 The radiographs were randomly selected, using SPSS to generate a random 
sample from the database. No radiographs were excluded because of ‘inadequate quality’ 
to avoid selection bias and to create a realistic setting of clinical practice. All radiographs 
were collected from one hospital, anonymized and all saved in random order, varying per 
CD-ROM, on four different CD-ROMs. The posterior tilt angle of all 50 FNF radiographs was 
assessed four times by four different observers (JHK, ADPW, ABV, EK). The observers were 
three trauma surgeons (two senior consultants (ADPW, ABV) and one junior consultant (EK), 
and a last year medical student (JHK) specifically trained for the purpose). The measure-
ments were performed according to the schedule in Table 1: Each observer measured every 
two weeks 1 CD-ROM with the same 50 radiographs in different order, alternating the LGA 
and the PTM measurements for all 50 radiographs on one CR-ROM, both two times. All 
observers were familiar with the LGA, still the description was given. The PTM was explained 
to all the observers individually and the observers were allowed to practice the PTM on 
10 separate radiographs before they participated in the study. Also all the observers were 
obliged to read the article of Palm.7
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Table 1. Design of the intra and inter observer measurements

Time Week 1 Week 3 Week 5 Week 7

Observer 1 cd 1 cd 4 cd 3 cd 2

Observer 2 cd 2 cd 1 cd 4 cd 3

Observer 3 cd 3 cd 2 cd 1 cd 4

Observer 4 cd 4 cd 3 cd 2 cd 1

Method LGA PTM LGA PTM

cd= CD-ROM

Position of the patient
All radiographs were taken in one hospital using a standard positioning technique according 
to the hospital protocol for hip fractures: Patients were positioned in supine position, the 
contralateral leg positioned with both hip and knee in ninety degrees flexion. If needed the 
foot was supported. The injured leg was positioned in its natural position, showing slight 
exorotation of the foot. The X ray generator was positioned horizontal, perpendicular to the 
detector and the detector was positioned parallel to the femoral neck at the lateral side of 
the pelvis. 

Measurements
Lateral Garden Angle: This angle is measured according to Gardens description using the 
trabeculae on the lateral view of the X-ray. The central axes of the femoral head and the 
neck normally lie in a straight line 180°.2,12

Posterior Tilt Measurement: The posterior tilt of the femoral head is determined by the 
angle between two lines, the mid-collum line (MCL) and the radius collum line (RCL). The 
middle of the collum (femoral neck) is determined by drawing three perpendicular lines 
across the narrowest part of the collum, with 5 mm between each line. The RCL is drawn 
from the middle of the femoral head to the intersection of the MCL and the caput circle.7

Statistics 
We determined inter observer and intra observer reliability of both measurement tools by 
comparison of the measurement results of the four observers. Statistical analysis were per-
formed using SPSS v. 21 ((IBM Corp., Armonk, NY, USA) for Windows 7. The intra class coef-
ficients were calculated to assess intra and inter observer reliability using a two-way random 
effects model with absolute agreement. The intra class coefficients were interpreted accord-
ing to the method of Landis & Koch: <0.00 reflects poor, 0.00–0.20 ‘slight’, 0.21–0.40 ‘fair’, 
0.41–0.60 ‘moderate’, 0.61–0.80 ‘substantial’ and 0.80–1.00 ‘almost perfect’.15 P-values less 
than 0.05 were considered to be statistically significant. 
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Ethics
The measurements and analysis are in line with earlier performed studies in this research 
line which were assessed by the regional Medical Research Ethics Committee (MREC). The 
MREC approved of this study and decided that no written informed consents were required.

RESULTS

Intra and inter observer reliability were determined for the LGA and the PTM. The results 
demonstrate a substantial intra observer reliability for the LGA as well for the PTM with an 
intraclass coefficient of 0.75 (95% CI 0.60–0.85) for the LGA and also 0.75 (95% CI 0.60–0.85) 
for the PTM. Yet the inter observer reliability for the PTM seems better with an intra class 
coefficient of 0.75 (95% CI 0.64–0.83) compared to 0.60 (95% CI 0.47–0.73) of the LGA 
(Table 2). A complete overview of the results of the different observers is shown in Table 2. 
The measured angles were also divided into 2 categories (<20° and ≥20°) according to both 
measurements methods to evaluate clinical validity for both measurement methods. Yet no 
reliable analyses could be achieved due to too few fractures with an angle of ≥20° within the 
50 fractures measured by the observers. 

Table 2.1. Intra- and inter rater reliability of the Lateral Garden Angle (LGA)

Intra rater reliability LGA Intra class coefficient 95% CI Agreement 

Observer 1 0.77 0.62-0.86 Substantial

Observer 2 0.76 0.61-0.86 Substantial

Observer 3 0.71 0.54-0.83 Substantial

Observer 4 0.76 0.61-0.86 Substantial

Mean observer 1/2/3/4 0.75 0.60-0.85 Substantial

Inter rater reliability LGA      

Observer 1/Observer 2 0.74 0.57-0.84 Substantial

Observer 1/Observer 3 0.53 0.29-0.70 Moderate

Observer 1/Observer 4 0.63 0.41-0.77 Substantial

Observer 2/Observer 3 0.59 0.37-0.75 Moderate

Observer 2/Observer 4 0.66 0.46-0.79 Substantial

Observer 3/Observer 4 0.54 0.31-0.71 Moderate

Observer 1/2/3/4 0.60 0.47-0.73 Moderate

Intra class coefficient was interpreted as follows: <0.00 ‘poor’, 0.00-0.20 ‘slight’, 0.21–0.40 ‘fair’, 0.41–0.60 ‘moder-
ate’, 0.61–0.8 ‘substantial’ and 0.80–1.00 ‘almost perfect’.15
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DISCUSSION

Our results show a substantial intra and inter observer reliability for both the LGA and the 
PTM. The intra observer reliability (0.75) is the same for both methods; the inter observer 
reliability (0.75 vs. 0.60) seems to be slightly better using the PTM.

Last decade several authors preferred to use the PTM in their studies despite the lack of 
evidence on the superiority of the PTM over the LGA.6-11 Several studies published an intra 
observer reliability ranging from 0.77–0.97 for the PTM and an inter observer reliability 
ranging from 0.77–0.94.6,7,13 We could not reproduce these results. In our study three of the 
observers had no experience with the PTM apart from the 10 radiographs to practice on. In 
studies in which the observers had experience with the PTM the reliability was higher. An 
intra observer reliability of 0.95–0.97 and an inter observer reliability of 0.90–0.94 is seen 
in studies with experienced observers.6,7 Yet an intra observer reliability of 0.77 and an inter 
observer reliability of 0.77 was published in a study with inexperienced observers.13 These 
studies, including our study, show a tendency towards a learning curve which might improve 
the reliability of the PTM if it is used over a longer period of time. All our observers used the 
LGA in their clinical practice. Still the inter observer reliability of the PTM seems superior to 
that of the LGA. 

Table 2.2. Intra- and inter rater reliability of the Posterior Tilt Measurement (PTM)

Intra rater reliability PTM Intra class coefficient 95% CI Agreement

Observer 1 0.79 0.65-0.88 Substantial

Observer 2 0.61 0.40-0.76 Substantial

Observer 3 0.72 0.55-0.83 Substantial

Observer 4 0.89 0.81-0.94 Almost perfect

Mean observer 1/2/3/4 0.75 0.60-0.85 Substantial

Inter rater reliability PTM      

Observer 1/Observer 2 0.71 0.53-0.83 Substantial

Observer 1/Observer 3 0.76 0.60-0.86 Substantial

Observer 1/Observer 4 0.80 0.67-0.88 Almost perfect

Observer 2/Observer 3 0.72 0.55-0.83 Substantial

Observer 2/Observer 4 0.75 0.59-0.85 Substantial

Observer 3/Observer 4 0.76 0.61-0.86 Substantial

Observer 1/2/3/4 0.75 0.64-0.83 Substantial

Intra class coefficient was interpreted as follows: <0.00 ‘poor’, 0.00–0.20 ‘slight’, 0.21–0.40 ‘fair’, 0.41–0.60 ‘moder-
ate’, 0.61–0.80 ‘substantial’ and 0.80–1.00 ‘almost perfect’.15
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One of the factors that may have affected our results and those of previous studies on the 
reliability of the posterior tilt measurements in hip fractures, is the fact that the lateral view 
of the hip is often difficult to obtain and even more difficult to standardize. Many lateral 
images are actual oblique views. This influences the way the trabeculae are projected and 
therefore effects the LGA measurement because the LGA, officially, is measured using the 
trabeculae. Furthermore the three perpendicular lines, used to measure the PTM, often 
cannot be drawn due to the oblique view in which the major trochanter blocks the view of 
the narrowest part of the femoral neck. Hoelsbrekken investigated the influence of the posi-
tion of the hip on the PTM.16 He used a 3D-printer generated hip with an undisplaced FNF 
from which lateral view radiographs were taken in different positions. His study showed that 
the PTMs can differ 3.8°–9.8° if the hip is positioned from 10° internal rotation to 40° exter-
nal rotation and 0° to 30° flexion. They concluded that different positions of the hip result 
in rather similar PTM values and that the difference in PTMs induced by non-standardized 
positioning is negligible in clinical practice. We feel differently about this aspect of the PTM. 
The minimal detectable change in study of Hoelsbrekken was lower than the difference 
in measurements in one of the observers (7.2 versus 9.8), so the position of the hip can 
induce a valid change in measurements. Moreover, a dispersion of almost 10° can make 
a big difference in clinical practice and treatment related strategies. FNF treatment deci-
sions are based on the amount of displacement of the femoral head. Garden type III and 
IV fracture are usually treated with an arthroplasty. Whereas patients with an undisplaced 
FNF, Garden type I and II FNFs will according to the current guidelines mostly be treated with 
cannulated hip screws or a sliding hip screw device. Yet the posterior tilt is not included in 
the Garden classification. Several studies suggest 20° posterior tilt in Garden type I&II FNF 
as a cut-off point to discriminate between non displaced and displaced FNF at the axial view 
radiograph.6,17 We believe the posterior tilt should be measured in daily practice and should 
be included in the treatment decision plan. 

The PTM and the LGA are used for measurements on pre- and postoperative radiographs. 
Yet during the intra operative reduction of the fracture no objective measurement methods 
are used to determine if the fracture is adequately reduced. The surgeon uses the compass 
in his eye to determine whether the reduction is adequate or not and this could have conse-
quences for the treatment. If the fracture cannot be properly reduced during the operation 
the surgeon may choose to convert the operation from internal fixation to a prothesis. Yet, 
do surgeons measure the same posterior tilt angles using a simple morphological classifi-
cation? We could not find any literature on using posterior angular measurements during 
surgery. Dolatowski did include a morphological classification for preoperative radiographs 
in his reliability study.6 For this morphological classification the observers described the FNF 
on the lateral radiograph as undisplaced or displaced without measuring the posterior tilt 
angle. The inter observer reliability for PTM was 0.90 (95% CI 0.87–0.92) versus 0.68 (95% CI 
0.60–0.76) for the morphologic classification. Based on this study the PTM seems superior to 
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a morphologic classification however this is never tested intra operatively. Further research 
should be conducted regarding the reliability of the PTM and a morphologic classification 
during surgery. Also the feasibility of angular measurements during the operation in day to 
day practice should be evaluated. 

The results of this study are limited by the fact that three of the four observers had no 
experience using the PTM, but were experienced with the LGA. If the observers had already 
been familiar with the use of the PTM, the ICCs might have been higher and the difference in 
inter observer reliability might have been more outspoken as compared to that of the LGA.

Several studies describe a cut off point for the significance of posterior tilt.6-8,10 We could not 
perform reliable subgroup analyses for radiographs of fractures in a posterior tilt of <20° and 
≥20°. Therefore, no conclusion could be drawn about the observer reliability for a cut-off 
point for the LGA and the PTM.

CONCLUSION AND RECOMMENDATIONS 

Based on our results we believe both the Lateral Garden Angle and the Posterior Tilt Mea-
surements are reliable methods to measure posterior tilt in preoperative radiographs of 
femoral neck fractures. Yet the Posterior Tilt Measurement seems to have a better inter 
observer reliability and therefore has a slight preference over the Lateral Garden Angle. 
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