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Abstract  

Five midsagittal pelvic reference lines have been employed to quantify prolapse using 

MRI.  However, the lack of standardization makes study results difficult to compare.  

Using MRI scans from 149 women, we demonstrate how use of existing reference lines 

can systematically affect measurements in three distinct ways:  1) in oblique line 

systems, distances measured to the reference line vary with antero-posterior location, 

2) soft tissue-based reference lines can underestimate organ movement relative to the 

pelvic bones, and 3) systems defined relative to the MR scanner are affected by intra- 

and interindividual differences in the pelvic inclination angle at rest and strain.  So, we 

propose a standardized approach called the Pelvic Inclination Correction System 

(PICS).  Based on bony structures and the body axis, the PICS system corrects for 

variation in pelvic inclination, at rest or straining, and allows for the standardized 

measurement of organ displacement in the direction of prolapse.  
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Brief summary: 

The Pelvic Inclination Correction System (PICS) system corrects for pelvic inclination, 

and allows the standardized measurement of organ displacement in the direction of 

prolapse. 
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Evaluation of the current measurement systems  

 

The fundamental nature of pelvic organ prolapse (POP) is a downward displacement of 

the pelvic organs from their normal location. With advances in soft tissue imaging, it has 

become possible to record this movement and make measurements of organ location 

and displacement [1, 2, 3, 4], thereby permitting the quantitative assessment of 

structural relationships [5].  At least five different reference systems have been 

described (Figure 1) and used to measure the extent of prolapse, as recently 

summarized by Broekhuis [5].   
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The lack of consensus regarding which reference system to use and how they relate to 

one another makes it difficult to compare data from different studies.  Other scientific 

disciplines, most notably brain imaging, have reached a consensus on reference 

systems and measurement strategies so that data from different studies can be 

compared [6].   In this “Clinical  Opinion”  we analyze the strengths and weaknesses of 

the current pelvic reference systems and, based on these, suggest a standardized 

measurement system for evaluating prolapse using MRI.  

 

An optimal pelvic reference system for comparing anatomy in different individuals 

should allow investigators to make unbiased measurements appropriate to the type of 

assessment required. To accomplish these goals in prolapse, desirable attributes of the 

reference system should permit measurements having: (a) one axis parallel to the 

direction of prolapse displacement, namely the whole body axis; (b) one axis 

perpendicular to the body axis based on bony landmarks that do not change their 

special relationship with movements of the pelvis during maneuvers known to increase 

prolapse, such as the Valsalva; and (c) landmarks that are easily identifiable in the field 

of view.   

 

It is widely recognized that the angle of pelvic inclination can change during specific 

maneuvers such as Valsalva and Kegel. This angle can also be affected by the way that 

an individual lies in the scanner (e.g., knees supported versus legs extended). The 

optimal pelvic reference system should allow the investigator to compensate for these 

variations. In addition, the reference system should allow for measurements that are 
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appropriate to the structure and movement to be studied. Inherently,  how  “high”  or  “low”  

a uterus lies describes a movement in the direction of gravity along the body axis, so a 

reference system based on the body axis has biological meaning.  We will first evaluate 

the strengths and weaknesses of the five different pelvic reference systems and 

characterize their attributes before proposing a system that combines positive attributes 

from several of these systems. 

 

Characteristics of Oblique Midsagittal Pelvic Reference Line Systems 

 

The first reference line to be used in MR imaging study was a line extending from the 

most inferior portion of the symphysis pubis to the tangent of the last coccygeal joint 

called the  ‘pubococcygeal line’ (PCL) [1] (Figure 1). Points of interest were measured as 

a vertical distancei to the reference line [1,7]. In choosing this line the authors noted that 

the coccyx area was the attachment point for important components of the pelvic floor: 

“Also,  components  of  the  pelvic  floor,  such  as  the  pubococcygeal  muscle,  puborectal 

muscle,  and  pubovesical  ligament,  attach  along  this  line”  [1].  The line approximates the 

plane of the levator plate.  A similar line, the ‘pubosacral line’ (PSL) [8], extending from 

the inferior pubic symphysis to the tip of the sacrum (S5), was introduced to focus on 

posterior levator sling insertion. Finally, the sacrococcygeal joint [9] or the anterior 

margin of the sacrococcygeal junction [10] became the reference point for the 

‘sacrococcygeal inferior - pubic point line’ (SCIPP line); a line that had been in use since 

                                                                                       

i 
By international convention, images made in the sagittal plane are displayed as if an individual were in 

the upright position even though the images are made with an individual in the supine position.  In this 
commentary we will continue the established practice of referring to directions in the image recognizing 
that they are perpendicular to the way in which the scan is made.
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1969 for interpreting the voiding lateral cystourethrogram [11].  The sacro-coccygeal 

articulation was suggested rather than the coccyx because of the variability in the angle 

and length of the coccygeal vertebrae and also because this landmark is more 

consistently visible in the sagittal plane. The pubosacral and SCIPP lines use slightly 

different aspects of the sacro-coccygeal articulation for point placement; this fact 

becomes important when inter-rater reliability is assessed.   

 

These oblique reference lines use bony landmarks that are typically visible in scans 

containing the pelvic organs. Because they are based on the bony pelvis, rather than 

the orientation of the scanner, these lines can help compensate for different pelvic 

angles that can arise when women lie in the scanner with different degrees of pelvic 

flexion, which can also change during maneuvers such as Valsalva. These lines, 

however, have the disadvantage that the distance measured to a reference line that lies 

oblique to the body axis will differ depending on the ventro-dorsal location of the organ 

of interest in the midsagittal plane (Fig. 2a).  In addition, studies have reported different 

conventions in measuring to the oblique reference line with some making 

measurements perpendicular to the line and others measuring parallel to the body axis 

(Fig. 2b) [1,7,12]. 
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With the advent of the POP-Q system in 1996, clinical measurements of pelvic organ 

position during pelvic examination used the hymenal ring as a reference line [13]. This 

led to the development of the ‘midpubic line’ (MPL) [14] in order to correspond more 

closely to the location of the hymen than earlier systems that used the pubic bone and 

distal sacrococcygeal landmarks.  The MPL is drawn across the midsagittal aspect of 

the pubic bone through the approximate level of the vaginal hymen. Use of the MPL 

was shown to correlate with POP-Q staging (in 15/20 cases, or 75%, the MRI correlated 

with clinical staging;;  κ  =  0.61) [14]. The problems of using a reference line oblique to the 

direction of prolapse movement are similar to those outlined above for lines from the 

pubis to the sacrum.  

 

To illustrate the magnitude of measurement bias introduced using an oblique line 

reference system such as the SCIPP line, we used a sample of 149 MRI scans of 

women with and without prolapse drawn from a prior study of cervix location during 

maximal Valsalva [15] that provides details of the population and technique. To 

summarize in brief, the eligible women had a mean age of 53.4±12.6 years, parity of 

2.7±1.8 and a BMI of 26.4±4.5. Women had no prior surgery for POP. All patients had a 

pelvic magnetic resonance (MR) scan performed in the supine position. MR imaging 

was performed on a 1.5 Tesla system (Signa, General Electric Milwaukee, WI) using a 

4-channel torso phased array coil. For dynamic imaging, a multiphase, single level 

image of the pelvis in the midsagittal plane was obtained approximately every second 
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for 23 to 27 seconds using a T2-weighted single-shot fast spin-echo (SSFSE) sequence 

(TR: 1300 ms, TE: 60 ms, slice thickness: 6 mm, field of view 32-36 cm, matrix: 256 x 

160, 1 excitation and half-Fourier acquisition). Patients were instructed in straining 

maneuvers to be performed during the examination starting from minimal to maximal 

straining. The cervix location was measured in a Cartesian coordinate system using the 

inferior pubic point as the origin, the SCIPP line as the x-axis, and a line perpendicular 

to the SCIPP line through the inferior pubic point as the y-axis (Figure 3). These data 

show the variation in anterior and posterior location of the cervix in these women.  

The bias introduced by measuring to an oblique reference line is demonstrated in Figure 

3.  The scatter plot shows the cervix locations at Valsalva in our MRI study. The SCIPP 

and MPL were similarly affected by antero-posterior organ location, but in different 

directions. 
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Characteristics of Reference Lines Systems Based on Soft Tissue Landmarks 

 

The ‘perineal line’ (PL) system was introduced as an attempt to more closely simulate 

the reference system used during a POP-Q examination in the clinic [16].  The authors 

recognized that one source of the differences between POP-Q measurements and the 

mid-pubic line lay in the fact that the hymenal ring, used clinically as a landmark, moved 

with the perineal structures during Valsalva maneuver. To address this, they employed 

a tangent from the internal surface of the symphysis pubis to the caudal end of the 

external anal sphincter (Figure 1).  The Pearson coefficient for correlation of MRI with 

clinical prolapse in the PL system was 0.74 for point Ba, 0.80 for point C, and 0.49 for 

perineal body length [16]. However, despite the fact that the PL line method more 

closely resembles clinical measurements, incorporating a moving soft-tissue landmark 

as part of the reference system introduces additional variability during maneuvers such 

as Valsalva (Figure 4) because PL moves relative to the bony pelvis between rest and 

Valsalva.  Measurements made relative to the PL are similar to clinical measurements 

that also are subject to movement of the hymenal ring.  In Figure 4 the location of the 

cervix relative to the PL system is shown in panel A at rest and Panel B at maximum 

strain.  The difference implies a 0.5 cm cervix movement (4.7 cm - 4.2 cm), but the 

cervix actually moved 2 cm from rest to strain in a caudal direction.  Hence, it was the 

17 degree difference in PL orientation between Figures 4a and b that accounts for the 

difference between the perceived and real cervix movement.  
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Characteristics of Reference Line Systems Based on the MR Scanner Axis 

The ‘H line or -horizontal line’ [3] was introduced as a way to measure the distance to 

the organs of interest from a line parallel to the bottom edge of the MRI image and 

tangential to the inferior rim of the pubic bone (Figure 1). This line has the advantage 

that it is roughly perpendicular to the direction in which prolapse occurs and is easy to 

move. In addition, unlike the oblique lines discussed previously, the ventro-dorsal 

location of the organs does not affect their measured cranio-caudal location.   

 

When a woman lies on the MR scanner bed her whole-body axis is aligned with the bed 

and the bore of the machine; the H line is therefore oriented perpendicular to this axis 

allowing measurements  to  tell  how  “high”  or  “low”  an  organ  is  relative  to  the  body  axis.  

This fact has biological and functional significance. When a person is standing and the 

whole-body axis is oriented parallel to the gravity field, the direction in which prolapse 

occurs, the H line is then “horizontal”  and  provides  a  relevant  reference  plane  for  
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determining how much a structure has descended that is not affected by the oblique line 

issue. 

 

While the H line is convenient and relevant to the movement to be studied, it does not 

take into account the change in the orientation of the pelvis that occurs, for example, 

between rest and strain.  In addition, differences can exist in pelvic angle if one 

radiology department places a support under the knees while another does not.  As an 

example, Figure 5 shows rotation of the pelvis without any change in the position of the 

uterus relative to the pelvic bones, as might happen in an individual with normal pelvic 

organ support who rotates her pelvis from rest during a full Valsalva.  Although the 

pelvic anatomy is identical, it is a shortcoming that pelvic rotation leads to different 

measurements relative to the H line during the Valsalva maneuver.   
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To assess whether or not the magnitude of this shift from rest to strain was of 

significance, we measured the changes in the angle of the SCIPP line relative to the 

horizontal at rest and strain from the MRIs of the 149 women described above (Figure 

6).  The angle between the SCIPP line and horizontal varied by 29 degrees at rest and 

by 45 degrees during maximal Valsalva.  In comparing the averages there was a 5 

degree difference between the average location at rest (34 degrees) and Valsalva (29 

degrees) resulting in an overall clockwise rotation (i.e., flexion) during straining.  The 

change in pelvic inclination between rest and strain is shown in Figure 7.  Some women 

exhibited as much as a +23 degree pelvic flexion from rest to Valsalva.  This indicates a 

wide range of pelvic angles both at rest and strain as well as changes in pelvic 

inclination. 
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Proposal for a New Reference Line System: Pelvic Inclination Correction System  

(PICS Line) 

 

We propose a Pelvic Inclination Correction System (PICS) that builds on the advantage 

of a line perpendicular to the whole body axis that allows determination of the cranio-

caudal location of an organ along the body axis, while adjusting for changes in pelvic 

inclination.  

 

We define the PICS as a local pelvic coordinate system with its origin in the mid-sagittal 

plane on the arcuate pubic ligament.  The x-axis points posteriorly along the SCIPP line 

but is rotated 34o clockwise (see next paragraph) about its origin (Fig. 8) so that it is, on 

average, perpendicular to the body axis.  The y-axis points cranially.  We define the 

PICS ‘line’ as the x-axis of the system.  These conventions are consistent with the use 

of the whole body axis as well as the internationally accepted use of a right-handed, 

Cartesian coordinate system when making kinematic measurements [17]. 

 

The angle of 34 degrees is based on the average value, measured on the above 149 

MRIs, between the SCIPP line and the longitudinal body axis established by scanner 

bed (Fig. 6a).  As such it approximates the H-line; however, by definition, the PICS line 

has a fixed angular relationship to the bony pelvis SCIPP line; this is regardless of the 

position of the pelvis in the scanner or changes in pelvic inclination that occur between 

rest and strain. Using this system, the values  along  the  y  axis  correspond  to  how  “high”  

or  “low”  an  organ  is  along  the  line  of  the  body  axis  in  which  prolapse  occurs.    Similarly,  

the x value corresponds to the anterior-posterior location of the point of interest.  In this 
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way, it is possible to determine both of these physiologically relevant measures with a 

system that adjusts for different degrees of pelvic inclination.  This system can also be 

used as a full 3-axis right-handed coordinate system for use in assessing spatial 

locations in a 3-D volume.   
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Discussion 

 

The PICS system builds on the advantages of earlier reference systems, and it provides 

measurements that are not only relevant to the biology of prolapse, but are also salient 

when considering the action of gravity and increases in abdominal pressure when the 

individual is upright.    

 

Several factors deserve consideration in evaluating this system.  One concerns the 

assumption that alignment of the pelvic axis with a woman lying on her back in the 

scanner is similar to that of a standing woman.  To test this assumption we compared 

pelvic angle in our subjects to published data on pelvic inclination made in radiographs 

made in the standing posture [18]. These measures are based on a line from the middle 

of the sacral promontory to a line between the femoral heads.  We computed this angle 

in 50 women (25 controls, 25 prolapses) from the Summers cohort [15].  We found our 

average was 10.6°±5.6°(SD) and compared it with the mean of 160 volunteers in a 

standardized standing position (12.0°±6.5°) [18].  The 1.4 degree difference was not 

statistically different (p=0.86).  In addition, the 34 degree adjustment we use represents 

an average value, and individuals can of course vary from this pelvic orientation angle.   

However, this variation is modest (standard deviation of 6.5 degrees) [18] but, if 

necessary, the angle of  each  woman’s  pelvis can be determined for research purposes 

and analyzed separately. 
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An important issue concerning any reference system is addressing interobserver 

variability.  Broekhuis showed an excellent to good intra- and interobserver reliability of 

MR imaging measurements for the pubococcygeal line, the H-line and the mid-pubic 

line in a dynamic magnetic resonance imaging study [19]. The pubococcygeal line 

showed the highest reliability (ICC range 0.70-0.99). It is likely that the reproducibility of 

the PICS line would be similar to the one of the pubococcygeal line as they share some 

properties. 

 

The PICS line is a new theoretical concept that is aimed to solve problems with oblique 

reference lines and the pelvic movement. Its practical applicability in comparison to 

existing lines and the correlation to symptoms or clinical examination in a standardized 

manner will require careful study.  Future directions for research also include 

confirmation of average SCIPP line angles at rest and strain in larger samples from a 

more diverse population.  
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APPENDIX 

In practice, the distance of an organ to the PICS line is easily established with the 

absolute value of a trigonometric function. For example, to obtain the distance, |CA| of 

an organ, C, to the PICS line (Fig. 8), one distance, |PC| and one angle (α) are needed: 

 

 

 

where angle  α  is  the  angle  from the SCIPP line to the segment PC (Fig A-1).  

Similarly, the distance along the PICS line, |PA| can be found knowing the distance PC 

and the cosine of the above angle.   

 

 

 

Examples of the measurement are provided in Figure A-1.  An easy way to make these 

calculations is by using the free NIH-sponsored image measurement tool Image J 

1.44o.  We place x,y coordinates at the points of interest and then calculate the 

distances and angles.  Information about this approach can be obtained from the 

corresponding author. 

 

Since  the  PICS  line  is  also  the  x’  axis  of  a  coordinate  system (see Methods), the PICS 

offers the option of measuring the rectangular coordinates of an organ within that 

coordinate system (Figures 8 and A-1), while compensating for the intra-individual 

|CA| = |PC| ∙ sin  (α + 34°)   
 

|CA| = |PC| ∙ cos  (α + 34°)   
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change in pelvic rotation between rest and strain as well as inter-individual differences 

in pelvic inclination. 

 

Figure Legend in Appendix 

Figure A-1: Examples of measuring the distance of the cervix from the PICS line at rest 

and at maximum strain. a) Measuring the distance of the cervix, C, to the PICS line at 

rest, b) with mild descent, and c) with severe prolapse. Note that the location of C in 

PICS has a positive-valued  y’  coordinate  in  a) and b), and a negative-valued  y’  

coordinate in c), as governed by the sign of angle α and the  expression  y’  =  │PC│  sin  

(α). β = 34°. 
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