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Background and Rationale: The hip center of 

rotation is an important landmark in performing total hip 

replacement and its restoration is one of the goals of the 

reconstruction. Several studies have attempted to locate the 

hCOR using radiographic landmarks. However, most of these 

methods were done on the Western population and only a few 

on Asian populations. Racial variations may influence the hip 

and pelvis morphometry and the hCOR. This may also have 

implications in the outcome of total hip arthroplasty. Thus, 

standardized values for Filipinos must be determined.  

Methods: One hundred forty-three pelvic AP 

radiographs were reviewed. The hip and pelvic morphometric 

values as well as the hCOR were measured and were expressed 

in unit millimeter. The anatomic hCOR was determined using 

the concentric circle method and was compared with the hCORs 

as determined by three frequently used methods: Ranawat’s, 

Pierchon’s, and Fessy’s. Descriptive statistics, Pearson’s 

correlation and paired t-test were used for data analysis.  

Results: The mean HD, VD, and FO for Filipinos 

were 30.4mm ± 3.33mm, 15.0mm ± 3.17mm, 40.41mm ± 

4.74mm, respectively. The mean values for Filipino males were 

31.2mm ± 3.3mm, 15.5mm ± 3.3mm, and 40.94mm ± 5mm, 

respectively. The mean values for females were 28.7mm ± 

2.9mm, 13.7mm ± 2.49 mm, and 39.1mm ± 3.9mm, 

respectively. Among the different methods used to determine 

the hCOR, the Pierchon’s method was found to be the most 

reliable for Filipinos.  

Conclusion: The pelvic teardrop is a reliable 

landmark for the determination of the hCOR. The average 

values of HD, VD, and, FO of Filipinos were comparable with 

studies on Asian populations. The Pierchon’s method is the 

most reliable in determining the hCOR for Filipinos.  

 

Index Terms- Hip Center of Rotation, Hip Center, Hip 

Radiographic Landmarks, Filipinos, Asians   

I. INTRODUCTION 

otal hip arthroplasty is a reconstructive surgery which is 

considered as one of the most successful orthopedic 

procedures. It is technically demanding and requires careful 

preoperative planning and a comprehensive understanding of 

hip joint mechanics. 
1 
The success of total hip arthroplasty relies 

on its proper indication as well as the restoration of the normal 

hip center of rotation (hCOR) and biomechanics. 
2 

Restoring the 

hCOR is an important step to achieve good functional outcomes 

and prevent complications such as dislocation, prosthesis 

loosening and hip pain. 
1,2 

Determining the hip center in 

diseased hips can be easily done by using the opposite hip as 

reference. However, if both hips are diseased, the identification 

of the hCOR may become challenging. Thus, other methods of 

determination of hCOR may be needed. Various methods of 

identifying the hCOR have been described to guide surgeons in 

the correct placement of the prosthesis. Unfortunately, most of 

these methods have been applied on the Western population and 

were not verified on Filipino hips. Thus, racial variability may 

become a source of errors given the discrepancy in pelvic size 

and morphometry. Bombaci et al
6 

has found that there were 

statistically significant differences in pelvic morphology and 

hCOR among races and sexes. For this reason, the investigators 

believed that it is necessary to have standardized values based 

on the anatomic morphology of Filipinos to avoid errors in 

preoperative templating and in the actual execution of surgery. 
3,4 

Currently, there is a paucity of data regarding the hCOR 

among the Asian and Filipino populations, thus this study was 

pursued.  

II. PROBLEM, METHODOLOGY AND 

COLLECTION OF DATA 

Currently, there is no published studies on the 

radiographic parameters of Filipino hCOR. This study therefore 

aims to provide a baseline data on the morphometric parameters 

of the Filipino hip. This can serve as a baseline for further 

T 
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studies involving hip pathologies and implant or prosthesis 

design and development.  

This is a retrospective descriptive study To determine the 

hip center of rotation in Filipinos and identify which technique 

is most accurate.  

Methods: 

A retrospective review of the hip center of rotation 

among Filipino adults using radiographic landmarks which 

included all adult patients who underwent anteroposterior 

pelvic radiography at a tertiary hospital from January 2021-

December 2022.  

Inclusion Criteria  

1. All digital anteroposterior radiographs of the pelvis at 

with acceptable pelvic tilt and rotation taken from 

January 1, 2021 to December 31, 2022.  

2. Patients 18 years old and above.  

Exclusion Criteria 

1. Pelvic radiographs with diseased hips.  

Data Collection 

The screening of the AP pelvic radiographs was done 

using the Fuji Synapse Picture Archiving and Communication 

System (PACS). All measurements were performed by the 

investigator and were expressed in the nearest millimeter. Data 

were encoded using Microsoft EXCEL 2024 with 

corresponding ID codes at WVSU-MC Department of 

Orthopedics. The hip and pelvic morphometric parameters that 

were measured and recorded are as follows: (see figures 1 and 

2)  

Hip morphometric parameters:  

1. Horizontal distance (HD)  

2. Vertical distance (VD)  

3. Femoral offset (FO)  

Miscellaneous pelvic morphometric parameters  

1. Interteardrop distance (ITD)  

2. Pelvic height- (PH)  

3. Teardrop edge-sacroiliac distance (TSD)  

4. Ilium height from teardrop edge (IHT)  

 

 

 

Determining the Hip Center of Rotation  

To determine the anatomic hip center, the investigator 

drew a concentric circle overlaying the contour of the femoral 

head. Next, 2 perpendicular lines were drawn and the 

intersection of these lines at the center of the circle represented 

the true hip center (red dot). From the true hip center, the 

horizontal distance and the vertical distance were measured and 

recorded. The investigator then employed the techniques of 

Ranawat’s,
11 

Pierchon’s
12

, and Fessy’s
13 

to extrapolate the hip 

center. The investigator then determined which of hip centers, 

as determined by the aforementioned techniques, closely 

approximated the anatomic hip center.  
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In Ranawat’s method (see figure 3), an isosceles 

triangle is drawn 5 mm lateral to the intersection of Shenton’s 

line (S) and Koehler’s line (K). The length of each side of the 

triangle is extrapolated by dividing the pelvic height (PH) by 5. 

The corresponding midpoint at the base of the triangle is the 

designated hCOR
11 

 

 

In performing Pierchon’s method (see figure 4), the 

interteardrop distance (ITD) and teardrop edge-sacroiliac 

distance (TSD) were measured. Corresponding indices for 

males and females were then used in order to calculate the 

horizontal and vertical distances while using the pelvic teardrop 

as the reference point. The following formulae were used: 
12 

 

Vertical distance= TSD x 0.2 (males) TSD x 0.18 (females) 

horizontal distance= ITD x 0.3 for (males)  

ITD x 0.25 (females)  

 

Fessy’s method calculated the horizontal and vertical 

distances and also used the tear drop as a reference point. The 

vertical distance (VD) was first determined by first identifying 

the lines connecting the inferior edge of the SI joints (I) and 

both tear drops (ITD). Then a perpendicular line (L) connecting 

the previous lines was drawn, measured, and was used as a 

variable in the following formula:  

VD= 0.204 (L)- 0.794.  

Horizontal distance was calculated separately for 

either sex. For males, Koehler’s line (K) was used as a 

reference. The distance between the contact point of the medial 

ilium with Koehler’s line and the inter-sacroiliac line (I) was 

measured and designated as i. This measurement is then used to 

compute for the horizontal distance using this formula:  

HD male= 0.093 (I)+ 33.195. For females, a different formula 

was used:  

HD female= 0.284 (VD)+ 29.016.  

 

Solving for the accuracy  

After the HD and VD values from all methods were 

obtained, the accuracy of each method was determined by 

solving for the percent error where True value is the value 

generated by the concentric circle method. Measured value is 

value generated by the technique being evaluated (Ranawat’s, 

Pierchon’s, or Fessy’s).  

Percent error= True value – Measured value x 100  

   True Value 

Data Processing and Analysis  

Data processing was performed by using Microsoft 

EXCEL 2024 and IBM SPSS version 29.0. Descriptive 
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statistical analysis was performed along with Pearson’s 

correlation and paired t-test.  

III. RESULTS 

There were 801 radiographs performed from January 1, 

2021 up to December 31, 2022. Of this multitude, only 143 

Pelvis AP radiographs met the inclusion criteria and qualified 

for this study. As shown in Table 1 there were more males 

compared to females.  

 

Table 2 represents the mean values of HD, VD, and 

FO for Filipinos which were 30.4 mm ± 3.33mm, 15.0mm ± 

3.17mm, and 40.41mm + 4.74 mm, respectively. Males were 

31.2mm ± 3.25mm, 15.5mm ± 3.30mm, and 40.94mm + 5 mm 

respectively. Females were 28.7 ± 2.90 mm, 13.7 ± 2.49 mm, 

and 39.1mm ± 3.89mm respectively. There is a significant 

difference between the sexes in terms of HD, VD, and FO 

which had p<0.001, p=0.002, and p=0.013 respectively.  

 

Table 3 shows the mean values of the horizontal and 

vertical distances measured by concentric circle, Ranawat’s, 

Pierchon’s, and Fessy’s methods. The concentric circle value 

represents the true anatomic hip center. The mean values of 

horizontal distance of Filipinos using the Concentric Circle, 

Ranawat’s, Pierchon’s, and Fessy’s methods were: 30.4mm ± 

3.33mm, 26.5mm ± 2.17mm, 31.0mm ± 2.41mm, and 38.7mm 

± 4.75mm, respectively. The mean values for the vertical 

distance using the Concentric Circle, Ranawat’s, Pierchon’s, 

and Fessy’s methods of Filipinos were 15.0mm ± 3.17mm, 

22.6mm ± 2.53mm, 13.7mm ± 2.01mm, and 13.6mm ± 

1.95mm, respectively.  

The HD values generated by Ranawat’s and Fessy’s 

values had a statistically significant difference compared to the 

concentric circle method while Pierchon’s (p<0.04) did not 

have a significant difference. For the VD, all methods had a 

p<0.001 however, Pierchon’s had the lowest (t= 4.47) which 

means that its generated values were closer to the concentric 

circle method. 

 

Table 4 shows mean difference of the horizontal and 

vertical distances generated by the 3 methods relative to the 

concentric circle method. Pierchon’s method had the least HD 

mean difference of 0.6mm ± 0.92mm while Fessy’s method had 

the highest mean difference of 8.3mm+1.42mm.  

Pierchon’s method also had the least overall mean 

difference for VD among the 3 methods with 1.3mm+1.07 mm. 

For females however, Pierchon’s and Fessy’s results were 

comparable at 0.2mm + 1.4mm and 0.1+0.54mm, respectively.  

 

Table 5 showed that among the techniques used to 

determine the hCOR, Pierchon’s method had the least percent 

error when measuring the HD and VD with average values of 

2.3 % and 6.1%, respectively.  

 

IV. DISCUSSION AND CONCLUSIONS 
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Horizontal and Vertical Distance  

In this study, the pelvic teardrop was observed in all 

the radiographs. 
(9,10, 11,12,13) 

The average HD and VD for the 

Filipino population were 30.4mm ± 3.33 mm, 15.0mm ± 

3.17mm, respectively. These values were comparable with the 

results as observed by Lim et al.
5 

In this earlier study, the 

authors reported an average HD and VD of 33.2mm + 3.9 mm 

and 17.0mm + 2.7mm, respectively. Other studies involving the 

Western populations reported HD values ranging from 

33.44mm + 4.55mm to 36.52 mm ±6.34 mm and VD values of 

14.4mm ±3.27 mm to 13.08mm + 3.4mm.
4,24 

Japanese HD 

values had a mean of 37.8 mm + 3.5 mm for males and a mean 

of 33.3 mm + 3.3 mm for females. Japanese VD values had a 

mean of 15.8 + 3.0 mm for males and 15.7 + 4.2 females.
2 
In 

the current study there was a significant difference in the HD 

and VD values between the sexes (see Table 3). The findings 

are supported by the results of Bombaci et al6 where there was 

also a significant difference in the values between sexes.  

Femoral Offset  

In the current study, the average femoral offset was 

40.41mm + 4.74 mm which is comparable to the report done by 

Lim et. al.,
5 
(37.6mm + 5.1mm) and Takamatsu et al. (34.7 mm 

to 37.1 + 4.6 mm) 
2. 

In contrast, Western populations had higher 

FO values compared to the Asian population. Lercef et.al.
22 

reported FO values of 43.0 + 6.8 mm while Noble et. al.
23 

reported 42.6 mm. 
(2,5) 

This shows that racial morphological 

variations exist.  

Hip and Pelvic Parameters  

The study only found moderate correlations between 

pelvic height and horizontal distance. Vertical distance also had 

moderate positive correlation with ilium height teardrop edge.  

Determining the hCOR  

Figure 6 shows the average values for all of the 

methods. Based on the graph, Ranawat’s method had increased 

vertical distances and decreased horizontal distances compared 

to other methods placing the hCOR in a superomedial position 

relative to the anatomic hip center. Fessy’s method on the other 

hand, had increased horizontal distance values which places the 

hCOR in a more lateral position. Pierchon’s method closely 

approximated with the hCOR generated by the concentric circle 

thus, making it a more reliable method in determining the 

hCOR. This method also had the least percent error compared 

to the methods by Ranawat and Fessy.  

Figure 7 shows that when plotted in the cartesian 

plane, with the X axis as the horizontal distance, the Y axis as 

the vertical distance, and the intersection as the anatomic hip 

center, the values generated using Ranawat’s method tended to 

place the hCOR proximally and medially. Fessy’s method on 

the other hand, rendered values that placed the hCOR laterally. 

The values by Pierchon’s method closely approximated the 

anatomic hip center and that most of its hCOR values fell within 

the acceptable range. Lengsfeld et.al
21

, Holzapfel et. al
27

, Fan 

et. al
29 

and Bicanic et.al.
21 

stated that the acceptable deviation 

from the hip center should be within a 5mm radius. On the other 

hand, Dastane et al had a narrower range of acceptable values 

which should be not exceed 5 mm superiorly and 3 mm 

medially. Placing the hip center within these acceptable values 

promotes implant longevity and decreases incidence of other 

complications. 
(2,4,21,25,26) 

In the current study, the Pierchon’s 

method was proved to be the most reliable method in 

determining the hROC for Filipinos. 
(9,21,25,26)

. These findings 

were also corroborated by previous studies claiming that 

Pierchon’s method is a reliable technique in determining hCOR. 
2,24 

 

 

Conclusions  

The pelvic teardrop is a reliable landmark for the 

determination of the hCOR. The average values for HD, VD, 

and, FO of Filipinos were 30.4 ± 3.33 mm, 15.0 ± 3.17 mm, and 

40.4 ± 4.74 mm, respectively. The Pierchon’s method is the 

most reliable in determining the hCOR for Filipinos.  
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