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Background & aim:  One of the key aspects of maternal care is observing labor 
progress. Careful assessment of labor progress could provide mothers to be referred 
on time and could minimize the maternal and neonatal morbidity. This study aimed to 
compare diagnostic accuracy of purple line with transverse diagonal of Michaelis sacral 
rhomboid to predict labor progress in nulliparous and multiparous women who 
referred to Om-ol-banin Hospital, Mashhad, Iran from April to August 2012. 
Methods: In this double-blind diagnostic accuracy study, 350 nulliparous and 
multiparous women with a single pregnancy in vertex presentation and gestational age 
of 38-42 week who admitted in state hospitals of Mashhad were selected using 
convenience sampling. The transverse diagonal of the Michaelis sacral rhomboid area 
was measured in cervical dilatation of ≤ 3 centimeters. Also labor progress and 
presence or absence of purple lines between the buttocks in the lateral position in the 
active phase of labor was controlled hourly. Data were analyzed by SPSS version 16 
using Mann-Whitney U and Chi-square test. 
Results: The mean age of the women was 25.22±5 years. Out of 350 women enrolled, 
61. 2% were primigravidas and 38.8% were multigravidas. Presence of the purple line 
with 68.57% sensitivity, 42.66% specificity, and 80.57% validity was accompanied 
with normal labor progress. Also transverse diagonal of the Michaelis sacral cut-off 
point of ≥ 98.5 millimeter was accompanied with normal labor progress with 86.5% 
sensitivity, 59.45% specificity and 79.65% validity. 
Conclusion: Transverse diagonal of the Michaelis sacral is better predictor for 
observing labor progress in comparison with purple line. 
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Introduction 
One of the key aspects of maternal care is 

observing labor progress, as the lack of labor 
progress is one of the two main causes of 
cesarean which could increase abnormal labor 
progress, maternal death, perinatal death and 
labor injuries. If labor abnormalities are not 
diagnosed and managed on time, it will cause 
the death of mother, uterine rupture, 
postpartum hemorrhage, postpartum infections, 

 
genital system fistulas, and adverse fetal 
outcomes such as birth asphyxia, septicemia, 
nervous trauma, and death. 

A total of 600,000 women die because of 
pregnancy and labor disorders annually across 
the world of which 95% occur in the developing 
countries and the most prevalent (30%) cause 
of such deaths are cephalopelvic disproportion 
(CPD) and abnormal labor progress (1,2). Most 
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of these complications could be prevented by 
identifying women with abnormal labor 
progress and implementing on time 
interventions (3). 

One of the predicting tools for labor progress 
is transverse diagonal of Michaelis sacral 
measurement (4). Recently, several studies have 
shown that the appearance of the purple line 
between the buttocks can also be used as a tool 
to predict the labor progress (5-7). Michaelis 
sacral region is a diamond-form area in sacral 
bone and its superior angle is between L5-S1, 
inferior angle at caudal part and lateral angle at 
superior- posterior spines (8). For the first time, 
Adolf Gusta Michaelis (1851) mentioned its 
importance for pelvic capacity (9, 10). The 
transverse diameter is visible between posterior-
superior spines on the skin. Its measurement 
could be related to pelvic capacity (10) (Figure 
1). 
 

 
Figure 1. Transvers Diagonal of Michaelis Sacral 
 

Rozenholc et al. (2007) showed that based 
on measuring transverse diagonal of Michaelis 
sacral could identify more than 50% of 
abnormal labor progresses. Liselele et al. (2000) 
and Alijahan et al. (2012) showed that 
transverse diagonal of Michaelis sacral has high 
diagnostic accuracy to assess labor progress (9-
12). 

Hobbs (1998) was the first one who 
mentioned that purple line is appeared as a 
purple point around anus during labor and 
progresses as cervical dilation increased. 
Direction of this progress is upward from 
intergluteal line to sacro-coccygeal joint like a 
thermometer in which mercury column moves 
upward (5) (Figure 2). 

Researchers suggested that this congestion 
possibly occurs because of intra pelvic pressure 

 
Figure 2. Direction of purple line 
 
as the fetal head descends, which may account 
for the correlation between station of the fetal 
head and purple line length. The rhombus of 
Michaelis is a kite shaped area over the lower 
back that includes the lower lumbar vertebrae 
and sacrum. It is believed that this area of bone 
moves backwards during advanced labor, 
pushing out the wings of the ilea and increases 
the pelvic diameter (5). Shepherd et al. (2010) 
noted that the purple line is seen in 76% of the 
occasions. There was a significant correlation 
between the length of the purple line and 
cervical dilatation and the station of the fetal 
head. 

By determining the diagnostic accuracy of 
labor progress tools and comparing them, we 
can determine clinical advantages of these tools 
and reduce the rate of maternal and neonatal 
complications.  

To our knowledge, no study has been 
compared the diagnostic accuracy of purple line 
and transverse diagonal of Michaelis sacral to 
predict labor progress. Therefore, the aim of our 
study was to compare the diagnostic accuracy of 
purple line and transverse diagonal of Michaelis 
sacral rhomboid to predict labor progress in the 
nulliparous and multiparous women referred to 
Om-ol-banin Hospital of Mashhad between April 
and August 2012. 

 

Materials and Methods 
In this double-blind diagnostic accuracy 

study, 350 nulliparous and multiparous women 
who enrolled in the maternity ward of Om-ol-
banin Hospital, Mashhad was studied. They 
enrolled in the study from April to August 2012. 
They were selected using convenience sampling. 
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The sample size was calculated after doing pilot 
study on 50 cases with 99% confidence 
intervals. The study plan was approved by the 
Research Ethics Committee (REC) of Mashhad 
University of Medical Sciences, Mashhad, Iran. 

Women who had hip fractures, asymmetrical 
pelvis, lameness, apparent narrow pelvis, severe 
anxiety, BMI >30, or women who were younger 
than 18 or older than 35 and had cesarean due 
to other reasons except dystocia were excluded 
from the study. The women who had single 
pregnancy in vertex presentation, gestational 
age of 38-42 weeks without medical disorder 
included in the study. 

In cervical dilation of ≤ 3cm, transverse 
diagonal of Michaelis sacral (two horizontal 
notches visible on skin surface) was measured 
by a trained midwife in the standing position by 
a disposable tape. Then, the researcher 
observed the presence or absence of purple line 
between the buttocks in the lateral position 
every hour in the active phase of labor. The 
labor progress was controlled as well. Abnormal 
progress of labor was defined as cervical 
dilatation of less than 1 centimeter/ hour in the 
active phase for 2 hours or the fetal head 
descend less than 1 centimeter/ hour in both 
nulliparous and multiparous women, and also 
the duration of second stage more than 2 hours 
for nulliparous and 1 hour for multiparous 
women. 

Instruments used in this study included self-
structured questionnaires for data related to 
demographics, pregnancy, labor progress, 
delivery and newborn and also Spielberger Trait 
Anxiety Inventory. Tape was used for measuring 
transverse diagonal of Michael sacral and 
chronometer for determining duration of 
uterine contractions.  

The validity of self-structured questionnaires 
was determined by content validity. The 
researcher’s skill for measuring purple line and 

transverse Diagonal of Michaelis sacral was 
confirmed by five training sessions at the 
presence of the supervisor and consultant.  

Reliability of the fetus and labor progress 
questionnaire was determined by inter-rater 
reliability (α= 83.0, r=97.62). Reliability of the 
researcher’s skill for measuring purple line and 
transverse diagonal of Michaelis sacral was 
determined by inter-rater reliability (α= 0.92, 
r=84). 

After delivery, the subjects were divided into 
normal and abnormal labor progress, and 
diagnostic accuracy was calculated based on the 
presence or absence of purple line and the cut-
off point of transverse diagonal of Michael 
sacral. 

Data were analyzed by SPSS version16 using 
Mann-Whitney U and Chi-square test. 
Sensitivity, specificity, positive and negative 
indicative values were also calculated. 

 
Results 

Three hundred and seventy seven women 
were enrolled to participate, of which, 27 were 
excluded: Decelerations (n=18), cesarean 
section for severe bleeding (n=4), and withdraw 
from the study (n=5). Finally, the data 350 
women were analyzed. The mean age of the 
women in this study was 25.22±5 years. The 
mean gestation at birth was 39.8±1.2 weeks, and 
the mean birth weight was 3332±1543 grams 
out. Of the 350 women who enrolled, there were 
61/2% primigravidas and 38.8% multigravidas. 
The baseline characteristics have been shown in 
Table 1. 

In our study, out of 350 women, 275 (78.6%) 
had normal labor progress and (21.4%) 
experienced abnormal labor progress. The total 
number of vaginal exam was 1581 occasions. 
The line was appeared present during labor for 
75.3% of the cases. The percentage of 
examinations where a purple line was present 

 
Table 1. Baseline characteristics of subjects 

(%) N Variable 
(63.4) 222 Primiparous women 
(36.6) 128 Multiparous women 
(87.1) 305 Spontaneous labor 
(22.9) 45 Labor augmentation 
(94) 329 Vaginal Delivery 
(1.4) 5 Use of forceps and vacuum 
(4.6) 16 Cesarean .Section 
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Table 2. Diagnostic values of purple line in predicting labor progress 
Positive 

likelihood 
ratio  

Accuracy 
Negative 
indicative 

value 

Positive 
indicative 

value 
Specificity Sensitivity Variable 

1.9 80.57% 43.85% 85.32% 42.66% 68.75% 
Presence or 
absence of 
purple line 

 
Table 3. Labor progress based on the cut-off point of transverse diagonal of Michaelis sacral 

Chi-square 
test 

labor progress 
Cut off point of transverse 

diagonal of Michaelis sacral Total Abnormal Normal 
(%) N (%) N (%) N 

df=1 
   P< 0.001٭ 

(83.75) 288 (59.5) 44 (89.1) 244 ≥ 98.5 
(17.25) 60 (40.5) 30 (10.9) 30 < 98.5 
(100.0) 348 (100.0) 74 (100.0) 274 total 

 
Table 4. Diagnostic values of transverse diagonal of Michaelis sacral in predicting labor progress 

Positive 
likelihood 

ratio 
Accuracy Negative 

Indicative value 
Positive 

indicative value Specificity Sensitivity Variable 

2.1 79.65% 50.0% 84.72% 59.45% 89.05% 

Transverse 
diagonal of  
Michaelis 

sacral 
(≥98mm) 

 
In our study, out of 350 women, 275 (78.6%) 

had normal labor progress and (21.4%) 
experienced abnormal labor progress. The total 
number of vaginal exam was 1581 occasions. 
The line was appeared present during labor for 
75.3% of the cases. The percentage of 
examinations where a purple line was present 
increased with an increase in cervical dilatation. 
So, the percentage increased from 66.4% in a 
cervical dilatation of 3 cm to 84% when cervical 
dilatation was 10 cm. The appearance of the 
purple line in the prediction of labor progress 
had 68.57% sensitivity, 42.66% specificity and 
80.57% accuracy (Table 2). 

Incision spot of the transverse diagonal of 
Michaelis sacral was determined based on the 
best sensitivity and specificity gained from 
Receiver Operating Characteristic (ROC) curve 
which was ≥ 98.5 millimeter. According to this 
incision spot, there were 83.75% normal labor 
progress and 17.25% abnormal labor progress 
(Table 3). 

The transverse diagonal of the Michaelis 
sacral rhomboid area was ≥98.5 millimeter in 
the prediction of labor Progress. It had a 
sensitivity of 86.5%, a specificity of 59.45%, and 
an accuracy of 79.65% (Table 4). 

 

Discussion 
In this study, out of 350 women, 78.6% had 

normal labor progress (n=275) and 21.4% had 
abnormal labor progress (n=75). Alijahan  
et al. (2011) reported 87.5% normal labor and 
17.25% abnormal labor progress. This 
difference was probably due to different 
definitions of labor progress. In addition, in their 
study only primiparous women were enrolled, 
whereas in this study, both primiparous and 
multiparous women were enrolled (4). 

In our study, the percentage of appeared 
purple line and the mean transverse diagonal of 
Michaelis sacral was higher in women with 
normal labor progress. The appeared purple line 
in the prediction of labor progress had a 
sensitivity of 68.57%, a specificity of 42.66%, 
and an accuracy of 80.57%. The transverse 
diagonal of the Michaelis sacral rhomboid area 
was ≥ 98.5 millimeter in the prediction of labor 
progress and had a sensitivity of 86.5%, a 
specificity of 59/45%, and an accuracy of 
79.65%. According to this study finding, 
transverse diagonal of the Michaelis sacral 
rhomboid area in comparison to purple line was 
the better predictor for the assessment of labor 
progress. Rozenholc et al. (2007) reported that 
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the highest sensitivity for transverse diagonal of 
Michaelis sacral based on incision spot was less 
than 9 cm (45.9%). The sensitivity calculated in 
this study was higher than the sensitivity 
calculated in their study. These differences was 
for the reason that they had different incision 
spots for transverse diagonal of Michaelis sacral, 
and in their study only primiparous women 
were enrolled, whereas in our study, 
primiparous and multiparous women were 
included. They also calculated the sensitivity for 
predicting abnormal labor progress, while we 
calculated the sensitivity for predicting normal 
labor progress (10). Kordi et al. (2011) reported 
that the sensitivity calculated for transverse 
diagonal of Michaelis sacral based on an incision 
spot of 9.6 cm was 60.7%, the specificity was 
84.1%, and the accuracy was 81.2%. These 
differences could be because they had different 
definitions of labor progress. They also 
calculated the sensitivity for predicting 
abnormal labor progress, while we calculated 
the sensitivity for predicting normal labor 
progress (13). 

The purple line appeared in 75/3% of the 
women during the active phase of labor. Bryne 
and Edmonds (1990) found that purple line 
appeared in 89% of the women (14). These 
differences may be due to having a different 
sample size and methods. They conducted a 
small study with 48 women in spontaneous 
labor, but we conducted a study with 350 
women in spontaneous and induced labor. In 
their study, all the line observations and vaginal 
examinations were made by the same midwife, 
but in our study, all examinations of the line 
were checked by two midwives, which increase 
the accuracy of findings.   

Women in their study were examined by 
different midwives, which reduce the accuracy 
of vaginal examination. Some studies reported 
accuracy for determining the exact cervical 
diameter of between 48.6% and 56.3%. 
Variation in vaginal examination up to 1 cm has 
been reported in 47% and up to 2cm in 25% by 
Koss and Bergsjo (15). 

Buchmann et al. (2007) reported a difference 
in dilatation measurements by 2 cm or more in 
11% of cases (16). Therefore, researchers have 
suggested that vaginal examination and care be 
carried out by one midwife (16,17). 

Shepherd et al. (2010) found that the purple 
line appears in 76% of the women and the 
results of our study are in agreement with their 
findings (6). There was a significant association 
between white and non-white women, meaning 
that there was a purple line in 67.5% of the 
whites and 48.5% in the non-white women (7). 
In our study, the appearance for the purple line 
was higher than that in the aforementioned 
studies, which would be due to different sample 
size or different race and color. The appearance 
for the purple line in non-white women was less 
than white women. 

One of the limitations of this study was the 
measurement of cervical dilatation and 
descending of the fetal head, subjectively, as there 
was no objective equipment to measure. Also, 
vaginal examination was considered as the gold 
standard; however, to improve the accuracy, we 
used only one midwife to perform the 
examination in all cases in order to minimize the 
confounding factors. The intensity of uterine 
contractions was determined by palpation and 
there was no possibility of internal monitoring. 

 

Conclusion 
Transverse diagonal of the Michaelis sacral is 

better predictor for monitoring labor progress 
in comparison with purple line. Thus, 
assessment of transverse diagonal of the 
Michaelis sacral could predict the abnormalities 
of labor progress which in turns causes on-time 
and appropriate management of mothers and as 
a consequence minimizes the maternal and 
neonatal morbidities. 
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