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Prediction of term and preterm parturition
and treatment monitoring by measurement
of cervical cross-linked collagen using
light-induced fluorescence
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One of the keys to treating preterm labor is the
early detection of changes indicating the onset of
parturition.
Recently, we have developed a non-invasive

method for the objective evaluation of the status
of the cervix, where changes in collagen content
of the cervix can be detected using an optical
system and light-induced autofluorescence
(LIF). This system measures the collagen fluor-
escence in the cervix as an indirect estimate of
collagen concentration. Studies of pregnant
women during the past few years support the
use of this technique.

Cervical function and assessment

The cervix is composed of smooth muscle (ca.
10%) and a large component of connective tissue
(90%) consisting of collagen, elastin, and macro-
molecular components, which make up the extra-
cellular matrix (1–3). Many biochemical and
functional changes occur in cervical connective
tissue at the end of pregnancy (4–7). This pro-
cess, termed cervical ripening, results in soft-
ening, dilatation, and effacement of the cervix.
Ripening is required for appropriate progress of
labor and delivery of the fetus.

Fluorescence spectroscopy of collagen

Fluorescence spectroscopy is a widely utilized
research tool in the biosciences, primarily
because of the amount of information that it
can reveal in terms of molecular and physical
states (8–14). We have used this methodology
recently to evaluate the cervix during gestation.

The collascope and measurement of cervical
ripening

Collagen gives characteristic fluorescence whose
maximum is around 390 nm. The intrinsic fluor-
ophor is believed to be pyridinoline, which is
considered one of the major crosslinks within
the primary structure of collagen fibrils (10, 15,
16). In our initial investigations, measurements
were obtained from the serosal surface of the
medium band of the cervix of rats in vivo. The
results showed a decrease in fluorescence inten-
sity decrease in the later gestational days and at
parturition corresponding to the decrease in
collagen. We also found a drop in collagen
fluorescence intensity in rats treated with the
anti-progesterone compound RU 38.486 and
which delivered prematurely.
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Further studies of rats

With the collascope, we were able to measure the
fluorescence signal from the cervix in anaesthe-
tized rats (17). The advantage to this technique is
that one can follow cervical changes longitudin-
ally in the same animal under a variety of
conditions and treatments (Fig. 1).
In the postpartum period, the fluorescence

gradually increased from the low value observed
during delivery (Fig. 1). These results demon-
strate the progressive decline in fluorescence during
pregnancy to reach low values during delivery;
these findings correlate well with cervical resis-
tance as measured by the slope of stress–strain
curves and a decline in cervical collagen con-
tent in electron micrographs of ripened versus
unripe cervix. In addition, we examined rats at
various times prior to and during preterm
labor induced with the anti-progesterone ona-
pristone. This study showed that ripening
occurred with anti-progesterone treatment and

that R5020, a progestin agonist, prevented
ripening and preterm birth.
We conclude from these studies that the colla-

scope can be used as a non-invasive tool to mea-
sure changes in cervical collagen content of the
cervix under a variety of conditions. Results of
these measurements correspond with known phy-
siological changes in the cervix during pregnancy.

Studies of humans

We have also initiated human studies with the
Collascope (17). Non-pregnant, pregnant, and
postpartum human volunteers were recruited
for the study. The first step was to establish a
longitudinal distribution profile according to the
weeks of gestation and postpartum. The cervical
external os was gently wiped with rayon-tipped
proctoscopic swabs prior to measurements being
made. The measuring site was selected at the
12 o’clock position. Fluorescence decreased
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Fig. 1. Overview of rat cervical col-
lagen fluorescence intensity changes:
average values of ratio of collagen
peak to reference peak obtained in
non-pregnant, various times during
pregnancy, during delivery and at var-
ious times postpartum in rats. Note the
progressive decline in fluorescence with
lowest values obtained on day 22 (DL,
during labor; NL, non-labor).
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Fig. 2. Cervical fluorescence – preg-
nant women, during pregnancy, and
postpartum: average and single patient
data on fluorescent spectra obtained
from 40 non-pregnant and pregnant
patients at various times of gestation
and postpartum.
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progressively during the final 15 weeks of preg-
nancy (Fig. 2). So far, several hundred patients
(including nonpregnant patients) have been
recruited. Several of the subjects have been mea-
sured two or three times during their pregnancy
and postpartum. The results show a gradual
decrease of the fluorescence as pregnancy
approaches term followed by a slow recovery
during the postpartum period (17–19). Recent
studies demonstrated that the collascope could
be used for the monitoring of the effect of induc-
tion agents on cervical ripening (20).
In view of the important role of collagen fibers

and their turnover in the process of cervical func-
tion during pregnancy, the light-induced auto-
fluorescence of cervical collagen could be a
useful tool for evaluating cervical status and
monitoring treatment strategies.
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