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Summary 
Symphysis-fundus (SF) measurement, i.e., the systematic recording of the distance from the 

pubic symphysis to the uterine fundus, is used widely as a simple method to screen for fetal 

growth restriction (FGR). Pregnancies affected by FGR are at increased risk of adverse 

outcomes in the short and long term, and across generations. They constitute 40–60% of 

stillbirths, in which the failure to identify FGR is the most common finding of substandard 

care. Antenatal detection may improve perinatal outcome. Although it is used widely, the 

accuracy of SF measurement for FGR screening is controversial. Observational studies using 

SF measurements have reported findings ranging from very low to high sensitivity in the 

detection of small neonates. A previously published Cochrane review concluded that 

insufficient evidence was available to evaluate the effectiveness of the test in preventing 

adverse outcomes. As SF measurement is the sole tool for FGR screening for the vast 

majority of pregnancies globally, improved methodology and evidence are of great public 

interest.   

In the research performed for this thesis, we conducted a systematic review to examine the 

use of SF height for the prediction of small-for-gestational-age (SGA) status in unselected and 

low-risk pregnancies. This review revealed a lack of relevant studies. Most studies were small 

and conducted in high-risk populations. The findings of this systematic review prompted the 

second study, in which we analyzed SF measurements from a large population-based cohort.

We developed a reference standard for SF height and determined the effects of maternal and 

fetal factors on SF height. In the third study, we assessed the relationship between SF 

deviations and SGA at birth, and presented risk curves that delineate SF values corresponding 

to specific degrees of elevation in SGA risk relative to pregnancies with normal patterns of SF 

values.  

We successfully characterized covariate values to individualize the population standard to suit 

individual pregnancies. The new reference standard shows a pattern that differs from that of 

currently used Scandinavian standards of older origin, reflecting changes in the pregnant 

population, as well as other factors. Our results refute the common belief that fundal growth 

flattens toward term. SF height continued to increase throughout pregnancy. We have shown 

that the quality of SGA risk prediction is only moderate in early pregnancy, but that quality 

and predictive value increase closer to term. The SGA detection rate was not improved by 
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consideration of the pattern of change in serial SF measurements. This finding suggests that 

the current common practice of using falling or static SF values as criteria of abnormality is 

not necessarily useful. Given its consistent but still modest predictive value, SF measurement 

should preferably be used in combination with other available information to provide the best 

first-line screening. Further work is needed to establish the relationship between SF values 

and perinatal morbidity and mortality. 
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1 General introduction 
A major focus of antenatal care (ANC) is the identification of small-for-gestational-age 

(SGA) fetuses, in particular those with fetal growth restriction (FGR). Pregnancies affected by 

FGR are at increased risk of a wide range of adverse outcomes in the short and long term, as 

well as across generations (1-4). SGA is defined as a weight below a specific (distribution-

based) threshold for gestational age, usually the 10th percentile, whereas FGR indicates the 

presence of a pathophysiological process occurring in utero that inhibits fetal growth. 

Antenatal identification of SGA aims to facilitate the identification of at-risk pregnancies 

requiring further investigation due to potential FGR. The appropriate identification and 

management of FGR improves perinatal outcome (5). 

In Norway, screening for SGA includes the routine use of serial symphysis-fundus (SF) 

measurement, complemented by ultrasound measurement of fetal size in women with 

pregnancy complications or relevant histories or clinical evidence of FGR. SF measurement is

a technique involving measurement of the maternal abdomen from the symphysis pubis to the 

uterine fundus with a tape measure. If the measurement is lower than expected according to a 

reference, further investigations for fetal growth and wellbeing are to be performed.  Although 

used routinely in pregnancy to screen for SGA fetuses, evidence for the efficiency of this 

method remains unclear. Observational studies of SF measurement have been highly 

inconclusive, indicating anything from very low (27 %) to high (76 %) sensitivity in detection 

of SGA, and specificities ranging from 60 to 94 % (6). Additionally, studies have applied 

different SF curves, cut-off values for calling an SF result abnormal, and SGA definitions. As

an important route of entry to ultrasound for most pregnancies in our population, improved 

methodology and evidence for SF screening is of great public health interest.

In this thesis, we investigate the use of SF measurement for the prediction of SGA status in 

unselected and low-risk pregnancies. We present high-quality replacement curves for the 

Norwegian population and explore new methodological approaches to the analysis and 

interpretation of SF deviation. To improve the predictive value of SF height, we look closely 

at the effects of maternal and fetal factors, as well as longitudinal measurements. Because 

population data sets of sufficient size and quality are not currently available in Norway, we 

use ANC data from Western Götaland County dating from 2005–2010, which we believe to 

cover a population reasonably similar to the Norwegian target population. 
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1.1 Normal and abnormal fetal growth 
The development of screening tools for the identification of deviation in fetal growth begins 

with the definition of normal and abnormal fetal growth, which includes the consideration of 

accurate dating and ultrasound standards (reference curves). 

1.1.1 Normal growth 

Normal fetal growth pattern can be divided into three phases which involves hyperplasia and 

hypertrophy on a cellular level. During the first phase, which takes place from the beginning 

of development through the early part of the fourth month, rapid cell division and 

multiplication (hyperplasia) occurs as the embryo grows into a fetus. In the second phase, cell 

division declines and the cells increase in size (hypertrophy). In the third phase (after 32 

weeks), there is rapid increase in cell size, rapid accumulation of fat, muscle, and connective 

tissue. Disturbance of fetal growth dynamics in these phases can lead to a reduced cell 

number, cell size, or both, resulting in restricted growth (7). In typically developing singleton 

fetuses, growth is less variable in early gestation, a period that is mainly genetically 

influenced. Considerably more variance occurs as gestational age advances and genetic and 

environmental factors influence fetal size and growth (8). 

In Norway and Sweden, routine ultrasound examination to determine fetal age and term date 

is recommended in the second trimester, during weeks 17–19. Ultrasound dating assigns the 

same fetal age and birth term to all fetuses of the same size. Ultrasound-based fetal dating 

partially eliminates the effects of uncertain reporting of the day of the last menstrual period 

(LMP) and individual biological variability inherent in LMP-based fetal aging. In particular, 

the effect of individual variability in follicular phase length is avoided when dating is based 

on ultrasound measurement of fetal size (9). This approach achieves better agreement between 

the ultrasound-based term date and the actual date of birth than is possible with LMP-based 

term dating (10-13).  

Around gestational week 18, the variability in normal fetal growth is moderate, and the 

assumption that all fetuses of the same size are of the same age is – for the majority of the 

population – reasonable. However, this assumption has some counterintuitive and potentially 

misleading consequences. Variables that influence fetal size at week 18, such as fetal sex, also 

influence fetal dating. As male fetuses are larger than female fetuses at this time, they will be 
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assigned an age that is slightly older than their “true” age; the opposite is the case for female 

fetuses (14). This difference can lead to erroneous conclusions about the effects of exposures 

during pregnancy in epidemiological studies, as well as systematic differences in, for 

instance, the day on which a given pregnancy is considered to be overdue. A potentially 

serious consequence is that fetuses with first- and early second-trimester FGR, which are 

small at week 18, may be assigned an ultrasound age that is younger than the “true” age. 

Consequently, they will be treated as young, normal fetuses, rather than older fetuses with 

FGR. In particular, the term date computed from the LMP is typically shifted to a later date 

when ultrasound is used, thereby also shifting the date on which an overdue pregnancy should 

be induced (12, 13, 15, 16). A common recommendation in Norwegian pregnancy care is that 

a fetus should be followed as a potential case of FGR when the LMP date is relatively certain 

and ultrasound dating extends the term date by 14 or more days (17). 

Whereas week 18 dating is still being used in Sweden and Norway, international 

recommendations focus increasingly on dating in the first trimester, e.g., around week 12. 

Earlier dating has two potential advantages: first, dating closer to the LMP reduces individual 

size variability, leading to a more precise age estimate (18, 19); and second, repeated 

measurement of fetal size at weeks 12 and 18 improves the ability to detect possible early 

FGR, as it enables comparison of size at weeks 12 and 18, rather than size at week 18 and

LMP-based age.  One possible objection to early dating is that decisions concerning the 

management of extremely premature births depend to a considerable extent on estimated fetal 

age, particularly around weeks 22–24. Dating based on ultrasound-measured fetal size could 

be argued to better reflect fetal maturity when performed as late as possible, as fetal size is an 

important predictor of survival after birth. Although numerous studies have shown improved 

precision of age estimates by early ultrasound relative to late ultrasound (20-22), very few 

studies have examined the quality of term prediction from the same perspective; some studies 

have suggested that early ultrasound achieves little improvement in term prediction (23, 24). 

1.1.2 Commonly used ultrasound standards 

Ultrasound-based fetal size monitoring is usually based on two main components. The first 

component is the measurement and monitoring of a set of ultrasound parameters – e.g., head 

circumference (HC), biparietal diameter (BPD), femur length (FL), and abdominal 

circumference (AC) – in one or more instances during pregnancy. The second component is 
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the translation of ultrasound parameters into a fetal size (weight) estimate at each 

examination. The individual parameter estimates and weight estimates are then compared 

with standard fetal growth or size curves to detect signs of growth restriction. 

Standard curves for individual parameter size and growth are typically developed from 

population data or data from smaller clinical studies involving repeated longitudinal 

measurement of individual fetuses. A population-based standard has the advantage of 

following the population as it is; the sample is large, as a large number of mothers undergo at 

least one follow-up examination. In addition, a large number of ultrasound operators have 

contributed to the data, which will average out specific biases that may be present in clinical 

studies performed by only a few – or a single – ultrasound operator(s). On the other hand, 

longitudinal measurement of individual fetuses is often the recommended approach; 

population-based approaches are argued to produce primarily cross-sectional data for any 

given day of pregnancy, whereas longitudinal data follow the growth of individual fetuses. 

Accordingly, longitudinally developed reference standards are argued to represent fetal 

growth, whereas cross-sectionally developed curves represent fetal size. However, the end 

product is always a reference chart of size by age percentiles. Percentiles as such are 

population concepts, and percentiles of size at a given age are by nature cross-sectional. If 

cross-sectional data are derived from a sufficiently large sample at each fetal age, longitudinal 

data are not actually needed to produce size-by-age curves. Although longitudinal data consist 

of more measurements per individual, only measurements obtained close to a given fetal age 

provide information about size percentiles at that age. Thus, there is little reason to expect the 

two approaches to produce substantially different charts (25).  

In clinical practice, the monitoring of fetal size using size-by-age charts is usually based on 

clinicians’ judgment. A fetus exhibiting normal growth remains largely in the same percentile 

throughout pregnancy; a fetus showing a clear fall to lower percentiles is likely to exhibit 

pathological growth. The exact rate of decline that is considered to be pathological is a matter 

of individual judgment. To improve the assessment of growth, some researchers suggest the 

use of conditional percentiles, which are developed from longitudinal data. By conditioning 

on fetal size at the first measurement, size percentiles for subsequent measurements can be 

developed for individual fetuses (26). A drawback of this method is, however, that conditional 

percentiles are strongly model dependent; very few fetuses fall into extreme percentiles at the 

first measurement, and the development of reliable conditional curves would require the 
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undertaking of very large studies. Currently, such models entail the assumption that all 

fetuses, whether they fall on the median or in the 1-percentile, will have similar growth 

patterns in the future. A second drawback is that a fetus in the 1-percentile at first 

measurement is potentially already pathological; the establishment of a new, conditional 

standard for this fetus essentially normalizes its small size. As conditional standards are also 

harder to understand and use in clinical practice, whether the added complexity results in 

improved detection is not clear. 

The second component of fetal size monitoring is the estimation of fetal weight. Ultrasound 

determination of HC, BPD, FL, and AC can be used to derive an estimated fetal weight 

(EFW) using a formula, such as that of Combs et al. (27) or Hadlock et al. (28).  Reference 

curves, i.e., fetal weight percentile curves, are developed from a study population by 

computing EFWs for all fetuses examined at a given age, and then constructing curves 

directly from these values (29). An advantage of this approach is related to the likely greater 

intrauterine size of fetuses born at term, relative to those born very or extremely preterm 

(Figure 1); the application of an intrauterine standard for ultrasound monitoring procedures is

thus natural. A weakness of this approach is that formulas for weight estimation, such as 

Combs et al.’s (27) formula, are developed almost exclusively using data from term births. 

The application of such formulas to fetuses at 20–30 weeks of gestation involves gross 

extrapolation, with the assumption that fetal proportions in the early weeks of gestation are 

the same as those around term. Thus, this approach entails the risk of obtaining incorrect 

weight estimates in late second- and early third-trimester examinations.  

An alternative approach to the Combs and Hadlock formulas is weight estimation based on 

population data. In the Norwegian eSnurra model (30), ultrasound parameters are used to 

predict the percentage of deviation in birth weight (pdBW), i.e., actual fetal weight as a 

percentage of the median weight of all births at the same age. The pdBW is related directly to 

fetal size and is used extensively for fetal monitoring in Norwegian and Swedish clinical 

practice. In the population-based approach, the number of births from week 24 onward is 

sufficient for the estimation of percentile curves based on observed BWs. Using ultrasound 

measurements for fetuses that remain in utero until term and those that are born preterm, the 

population-based system enables the computation of reference curves for actual BWs and for 

intrauterine fetal weight, without the need for the extrapolation of formulas. 
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Figure 1. Comparison of the ultrasound-based EFW reference chart constructed by Marsal et al. (29) (blue lines), 
with the eSnurra BW reference chart (31) (black lines). The 10th, 50th, and 90th percentiles are shown from 24 to 
42 weeks of gestation. The mean ultrasound-based EFW is noticeably larger than the actual mean BW. At 28–32 
weeks of gestation, the 50th percentile for BW is approximately comparable to the 10th percentile for EFW 

The use of intrauterine standards is natural in the assessment of growth re  and the 

identification of SGA fetuses; however, when using actual BW as the endpoint, SGA is most 

conveniently defined using standards from observed weights.  

1.1.3 Small-for-gestational-age status  

SGA is defined as a weight below a certain limit compared with a reference population. SGA 

is important because the fetal/neonatal percentile is related inversely to adverse perinatal 

outcomes, with the greatest risk at weights below the 3rd percentile for gestational age (32). 

In Norway, SGA is defined as BW < 10th percentile for gestational age and sex. Several SGA 

standards are applicable to the Norwegian population. Skjærven et al. (33) developed a 

standard based on data from the MBRN using LMP dating. A more recent standard was 

developed on BWs in the Trondheim region over the years 1987-2005 in the eSnurra dating 

and weight prediction system (31), using ultrasound dating. The present thesis uses the 

eSnurra reference curves. 
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Secular trends in BW and SGA incidence in Norway 

To assess secular trends in SGA incidence in the Norwegian birth population, application of 

the same standard to data from all years is important. Despite the existence of noticeable 

differences between LMP-based and ultrasound-based standards, the pattern of change over 

years is not influenced greatly by the standard used, as long as the standard is kept fixed. 

Figure 2. Secular trend in median BW in Norway, 1967–2008 (data from the MBRN, n = 2,451,242). Håkon 
Gjessing, personal communication, November 16, 2015 

Figure 2 shows that median BW in Norway increased moderately between 1967 and 1990. In 

subsequent years, a clear and strong increase of about 60 g is visible, with a peak of 3580 g in 

2000. BW then again dropped rapidly, reaching the 1990 level in 2008. 

To assess whether the marked peak around 2000 was due to a change in clinical practice, one 

must look specifically at how the BW distribution of spontaneous births changed over the 

years 1980–2008. Figure 3 shows that the lower (5th percentile) and upper (95th percentile) 

parts of the distribution changed at almost exactly the same rate as the middle part of the 

distribution (the median). Thus, the increase in BW up to 2000 clearly represents a complete 

shift in the BW distribution at all levels. 
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Figure 3. Change in BW in Norway, 1980–2008, for spontaneous births only (data from the MBRN, n = 
1,354,227). Black line: change in median BW since 1980. Solid gray line: change in the 95th percentile since 
1980. Dotted gray line: change in the 5th percentile since 1980. Håkon Gjessing, personal communication, 
November 16, 2015 

Figure 4. Secular trend in the incidence of SGA in Norway, 1998–2008 (data from the MBRN, n = 429,026). 
Black curve: all births. Gray curve: spontaneous births. Ultrasound-based dating was available only from 1998 
onward. Håkon Gjessing, personal communication, November 16, 2015 

Figure 4 shows that the drop in SGA for spontaneous births around 2000 corresponds to the 

increase in all parts of the BW distribution, as shown in Figure 3. For all births, the pattern of 
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change in SGA remains the same, but the incidence increases. This pattern strongly suggests 

that the drop in SGA incidence around 2000 is due to a general shift (increase) of BW, rather 

than a change in clinical practice. 

When the SGA standard is kept constant over all years of evaluation, the choice of standard 

does not influence secular trends to a noticeable degree. This finding strengthens the 

hypothesis that the trends are due to the underlying shift in BW. 

1.1.4 Fetal growth restriction 

FGR describes a decrease in the fetal growth rate that prevents a fetus to achieve its 

genetically determined growth potential (34). This condition is common, affecting 3–10% of 

all pregnancies, depending on the definition used (35), and it is linked strongly to antepartum 

death (36, 37). Growth-restricted fetuses are at increased risk of several neonatal morbidities, 

prematurity, and decreased fetal reserve during labor (1, 3, 4, 38). Evidence also suggests that 

FGR has long-term complications extending well beyond childhood, such as hypertension, 

hyperlipidemia, coronary heart disease, and diabetes mellitus in adults (39). 

FGR and SGA are commonly used interchangeably in the literature. They are not 

synonymous, however, and the distinction between growth-restricted fetuses and those that 

are constitutionally normal but SGA is important. SGA is a descriptive term and means that 

the fetal/neonatal weight is less than expected, regardless of the cause. In other words, it 

refers to the size, irrespective of the individual growth velocity. An estimated 50–70% of 

fetuses with BWs < 10th percentile for gestational age are constitutionally small, with fetal 

growth appropriate for parental size and ethnicity; they are not at high risk of perinatal 

mortality or morbidity (40). SGA fetuses with BWs < 2nd percentile for gestational age have 

a greater likelihood of being growth restricted (41).

Pathophysiology of FGR 

Placental insufficiency is the major cause of growth restriction, which prevents fetuses from 

reaching their genetically determined growth potential (42). A fetus exposed to insufficient 

supplies of oxygen and nutrients due to a malfunctioning placenta responds to this 

unfavorable environment by making adjustments that maximize the chance of survival (43). 

These adjustments include preferential preservation of fetal growth over placental growth, 
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changes in fetal movement pattern, and the eventual deceleration of the fetal growth rate 

(Figure 5). With continuing deprivation, compensation gives way to decompensation. For 

example, a decreased fetal growth rate is an adaptive and protective reflex in the early stages 

of deprivation; in later stages, however, it can represent final decompensation associated with 

chronic hypoxia and acidosis. A critical component of the fetal homeostatic response involves 

flow redistribution, which favors perfusion of the vital organs (the brain, heart, and adrenals) 

at the expense of muscle, viscera, skin, and other less critical tissues and organs. These 

adaptive phenomena provide the basis for clinical surveillance. 

Figure 5. Proposed fetal response to stress, which results in fetal death. Reprinted from Warrander and Heazell 
(44), with permission from Elsevier. 
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In Norway, clinical suspicion of FGR based upon SF measurement or high-risk evaluation is 

followed by detailed ultrasound assessment of fetal weight and growth, amniotic fluid 

evaluation, Doppler examination, and cardiotocography (CTG) (17). Initially, decreased fetal 

growth can be seen as reduced EFW. The impaired efficiency of the placenta may be reflected 

as abnormal blood flow in the umbilical artery and vein, as well as in the uterine artery. As 
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fetal circulation is redistributed to maintain the blood supply to the vital organs, decreased 

amniotic fluid volume reflects reduced blood flow to the kidneys and decreased urinary 

production. The blood flow to the fetal brain, examined in the medial cerebral artery, 

primarily increases in these situations, but returns to normal if the fetus is severely 

compromised. One of the final effects in the fetus may be reflected as change in blood flow 

pattern in the ductus venosus. Later, pathological CTG findings may appear before 

intrauterine fetal death occurs (45).  

As no effective treatment to reverse FGR is available, prenatal management is aimed 

primarily at determining the ideal timing and mode of delivery. This assessment must be 

individualized, depending on several variables: gestational age, maternal health, severity of 

growth restriction, and fetal well being (46). Operative deliveries are common in SGA/FGR 

pregnancies (47). When a fetus experiences relative hypoxia before the onset of labor, even 

normal uterine contractions can lead to fetal distress. Active decision making about delivery 

mode and high awareness of the need for intensive surveillance during labor are probably of 

great importance for outcome in individual FGR fetuses. 

1.2 Small-for-gestational age screening using 
symphysis-fundus measurement 

1.2.1  Historical background 

Serial SF measurement gained attention as a screening tool for the detection of growth 

restriction with the publication of promising results from early studies by Westin in the 70s 

(48). In a large uncontrolled study of low-risk, uncomplicated pregnancies in Sweden, Westin 

showed that SF measurement was superior to maternal weight gain, maternal girth 

measurement, and biochemical analyses (uE3, HPL) for the detection of SGA status. The 

routine introduction of a reference SF chart (gravidogram) in the case notes of all patients was 

associated with a significantly steeper fall in the local perinatal mortality rate compared with 

the overall Swedish statistics. This chart was constructed based on data from 100 healthy, 

completely uneventful singleton term pregnancies, with no known factor affecting fetal 

growth, normal pre-pregnancy weights within the 10–90th percentiles, known dates of LMP, 



12

uneventful intrapartum periods, and birth to healthy neonates with weights within 1 standard 

deviation (SD) of the mean according to Swedish growth charts.  

Westin (48) provided the following instructions for SF measurement: “the patient should be 

supine. Legs should be straight otherwise the pubic symphysis moves upwards. The uterus 

should be relaxed and the bladder empty. The measurement should be performed along the 

longitudinal axis of the uterus defined both in the frontal and lateral projections. During the 

third trimester, measurements should be performed along the longitudinal axis of the fetus 

whereby fetal crown-rump length will be reflected.” SF values ≥ 3 cm above and below the 

mean were regarded as signs of growth acceleration and growth retardation, respectively. 

Static or falling SF values, measured weekly on more than two occasions, were regarded as 

signs of retarded growth, irrespective of whether previous observations were close to, above, 

or below the mean. The method presented by Westin became implemented as a screening tool 

for the detection of SGA/FGR in the general population in Scandinavian countries. 

In 1996, Steingrimsdottir et al. (49) introduced an updated SF chart that replaced the Westin 

chart (48) for use in routine clinical practice in Sweden. This chart was based on 

measurements from 1650 Swedish women with ultrasound-dated pregnancies. Criteria for 

inclusion in the study were similar to those used by Westin (48), except that Steingrimsdottir 

et al. (49) made no exclusion on the basis of maternal height or weight. This curve is situated 

about 1 cm higher until 37 weeks. After 37 weeks the curves almost coincide with each other. 

Two other Swedish curves for SF measurement were published in the same time period (50,

51), but have never been in clinical use. The largest study, by Kieler et al. (51), produced a 

curve based on data from 2225 women who participated in a multicenter randomized trial; the 

second curve (50) was based on data from 403 women attending routine ANC. Both curves 

closely resemble the curve by Steingrimsdottir et al.(49) until the end of pregnancy; at 

pregnancy week 40, the curve developed by Kieler et al. (51) shows stronger SF growth than 

does Steingrimsdottir et al.’s (49) curve. 

In Norway, a modified version of Westin’s curve has been used routinely in ANC to screen 

for growth restriction in the low-risk population (52). As the original material and statistical

analyses on which the curve’s development in the 1970s was based are not available, neither 

the definition nor the significance of the limits of normality is known. Recently, the modified 

Westin curve was replaced by the SF reference curve presented in paper II (53), which was 

based on data from 42,018 ultrasound-dated pregnancies. Women with medical conditions or 
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complications of pregnancy were not excluded from that study because the aim was to 

construct population-based references, rather than those of a “healthy” selected population.

The shape of the curve differs substantially from the modified references of approximately 50 

years ago presented by Westin (48), with a considerable increase in SF height at all 

gestational ages. The new curves are more similar to those of Steingrimsdottir et al. (49) for 

pregnancy weeks < 34, but with an approximately 0.5 cm higher mean. From pregnancy week 

34, the new curve (50th percentile) shows greater SF growth than does the curve of 

Steingrimsdottir et al. (49); this pattern is more similar to the curve developed by Kieler et al. 

(51). The observed differences may be due to differences in analytical strategy, study design, 

and increased maternal body size in recent years.  

1.2.2 Clinical performance of SF measurement 

Early reports of the performance of SF measurement as a screening test for growth restriction 

were encouraging, with a sensitivity of 70% (48, 54). Later reports were not quite so 

enthusiastic (55, 56). Different definitions of abnormal SF measurement results have been 

presented in the literature. The populations tested also differ, and some have been high risk, 

which has artificially increased the detection rate. In most studies, the designation of 

abnormality requires at least two or three consecutive measurements below the 10th 

percentile. Theoretically, increasing the number of abnormal measurements required for the 

diagnosis of SGA should reduce the false-positive (FP) rate (1 – specificity).  

Table 1 shows the performance of SF measurement in the detection of SGA in 19 SF studies 

(48, 54, 55, 57-71) conducted in northwestern Europe. SGA is defined as BW < 10th 

percentile, > 1 SD below the mean, and ≥ 2 SDs below the mean. Also shown is the 

prevalence of SGA in the study populations, the number of women in each study, and 

definitions of positive test results. The ranges of sensitivity and specificity are wide, from 

27% to 86% and 47% to 97%, respectively. This variation is partly the result of the use of 

different SGA definitions, cut-off criteria used to define abnormal results, and populations. As 

expected, positive predictive values (PPVs) varied, given that the prevalence of SGA differed 

in the populations studied. 
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Table2. Sensitivity, specificity, positive predictive value, and negative predictive value of the SF reference curve 
constructed by Pay et al. (53) 

Table 2 shows the clinical usefulness of the population-based reference presented in paper II 

(53). The sensitivity and specificity for the detection of SGA defined as BW < 10th 

percentile, with the 10th percentile SF value serving as the cut-off value, were 47% and 79%, 

respectively. For SGA defined as BW < 2.5th percentile, the corresponding values were 54% 

and 77%. With stricter SF cut-off values, sensitivity decreases and specificity increases. For 

example, use of the 2.5th percentile cut-off value yields a sensitivity of 23% and a specificity 

of 93% for the detection of SGA (BW < 10th percentile). 

Observational studies suggest that customized SF curves involving adjustment for maternal 

and fetal factors influencing SF height improve the detection of SGA status. Gardosi et al. 

(61) found that the use of customized charts improved the sensitivity of neonatal SGA 

detection relative to abdominal palpation (48% versus 29%). The use of customized charts 

was also associated with fewer referrals for investigation and fewer admissions. In an audit, 

Wright et al. (71) showed that the use of customized SF charts resulted in the detection of 

36% of SGA neonates, whereas only 16% were detected when customized charts were not 

used (this group received traditional ANC). Serial measurement of SF height and plotting on 

customized growth charts are now recommended by The National Institute for Health and 

Care Excellence and the Royal College of Obstetricians and Gynecologists in the UK. 

Lack of improved outcomes with SF measurement screening 

No good evidence shows that the introduction of routine SF measurement leads to reductions 

in perinatal morbidity and mortality. The positive results reported by Westin (48) may have 

been due to chance, as the study was not a controlled study. Lindhard et al. (63) conducted a 

Definition of
positive test Sensitivity (%) Speificity (%) PPV (%) NPV (%)

2,5 23 93 29 90
5 32 88 26 91
10 47 79 22 92
15 58 70 20 93

2,5 30 92 11 98
5 38 87 9 98
10 54 77 8 98
15 64 68 7 98

SGA (BW<10-percentile)

SGA (BW<2.5-percentile)
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randomized controlled clinical trial investigating the clinical performance of SF measurement 

versus clinical palpation in a population of 1639 Danish women. Pregnant women were 

allocated randomly to the intervention (SF measurement) and control groups at around 14 

weeks of gestation. SF height was measured routinely after 28 weeks, and the results were 

plotted on a locally derived chart. Women in the control group underwent observations made 

with a fabric tape with no marking. The tape was cut and was not measured until after 

delivery. No significant difference was found between methods in the SGA detection rate, 

numbers of interventions and additional diagnostic procedures, or the condition of newborns. 

This study contributed decisively to a Cochrane review (72), which showed that evidence was 

insufficient to recommend the use of SF measurement in ANC; however, the authors opined 

that “it would be unwise to abandon the use of symphysis-fundus value measurement unless a 

much larger trial likewise suggested it is unhelpful.” 

The inability of randomized controlled studies to document an improvement in outcome 

following SF measurement screening may to some extent reflect the limited accuracy of SF 

measurement. Many studies have also determined that the reliability of SF measurement is 

unacceptably low (57, 73). These studies have highlighted what is probably the major 

shortcoming of SF measurement: the unacceptably large measurement error due to 

interobserver variation, even between experienced practitioners. An unreliable test has lower 

accuracy in terms of sensitivity and specificity, which in turns reduces its value as a screening 

tool and demonstrates that it will not result in improved health indicators. In addition, the 

value of a screening method depends on the general clinical circumstances into which it is 

introduced. The beneficial effect of screening in terms of improved outcome depends not only 

on the predictive values of the method, but also on the value of additional diagnostic 

procedures, the implementation of proper measures in reaction to pathological values, and the 

possibility of correcting or preventing adverse outcomes. 

1.2.3 Longitudinal approaches 

The standard approach to the detection of growth restriction by SF measurement is natural 

from a clinical point of view; a pregnancy is followed along percentile charts and an “alarm” 

is triggered when the SF measure drops below a set percentile limit. This method ensures that 

a specific percentage of the population triggers the alarm on any given day of measurement. 

For a single measurement on a given day, this method is nearly optimal; the smallest 
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measurements, possibly adjusted for maternal and fetal covariates as in the customized 

setting, trigger the alarm. Clearly, this approach is related more closely to SGA detection than 

to FGR detection. However, SF measurements are taken serially; the specification of a 

reasonable procedure for improved FGR detection based on serial measurement is 

considerably more complicated. In practice, percentile charts are often employed in a 

repetitive fashion, with at least one measurement below the cut-off triggering the alarm. The 

drawback of this approach is that pregnancies with large numbers of measurements have a 

greater likelihood of triggering alarms, due simply to the greater probability that at least one 

of many measurements falls below the cut-off value by chance. As a consequence, the 

percentage of pregnancies with positive test results increases substantially. Although this 

trend typically increases sensitivity, it also reduces specificity. There is also no particular 

reason to believe that it will improve detection of FGR. Rather, screening of the same type is 

simply repeated.  

To bring procedures closer to FGR detection, informal recommendations, such as observation 

to detect a drop in percentile values over the course of a pregnancy, are frequently given. The 

required magnitude of this decline and number of measurements showing a consistent drop 

are often left to clinical judgment. As for ultrasound procedures, the potential decline in future 

SF measurements could be evaluated in a conditional manner, with percentiles for future 

change computed depending on the most recent measurement (26, 74). Although this 

approach is closer to the FGR paradigm, it has other challenges, as discussed for ultrasound 

detection in Section 1.1.2.

Bergman et al. (75) proposed and evaluated a comprehensive method that targets FGR 

detection and controls the number of alarms triggered during a pregnancy. To focus on FGR 

detection, the authors recommend the assessment of relative, rather than absolute, growth. 

Relative growth can be computed from week to week, and the next week's change can be 

assessed relative to the current SF measurement. The model was developed in terms of 

logarithms of SF measurements; thus, relative change is assessed as log[SF(t)] – log[SF(t –

1)], where SF(t) is the measurement taken at week t. By employing relative change, the actual 

change is assessed in relation to its importance. Presumably, a moderate change in an already 

large SF measure would be of less clinical importance than the same change in a smaller SF 

measure and/or earlier in pregnancy. Evidence also indicates that the use of relative measures 

reduces or eliminates the influence of maternal and fetal covariates, such as maternal body 
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mass index (BMI) and fetal sex. To improve control of the number and timing of alarms 

triggered during a pregnancy, a method for stochastic control of detection in a serial system is 

employed.  

All of the approaches described above have one issue in common; the curves and testing 

standards are developed from SF measurements alone. Normal and deviating growth are 

defined intrinsically, with reference only to the standards themselves. The actual clinical 

utility of such standards must thus be evaluated in a different setting, in which the growth 

standards and detection limits are related to outcomes of direct clinical importance, such as 

stillbirth and neonatal morbidity. As a consequence, the clinically important endpoints do not 

directly influence the development of the growth standards, but appear only in after-the-fact 

evaluation of the results. In the study reported in paper III (76), our approach was to link 

curve development to endpoints of clinical relevance. Although targets such as fetal death and 

morbidity are clearly of great clinical relevance, they are difficult to incorporate in the 

practical development of growth standards. This difficulty is due partly to the low incidence 

of the most important outcomes, as well as the number of possible outcomes, which raises the 

question of which outcomes are consequences of FGR and could potentially be averted if 

detected through FGR at an early stage. As a middle ground, in the study reported on in paper 

III (76), BW and SGA status at birth served as targets. BW and SGA status at birth have 

frequently been related to perinatal mortality and morbidity (77). At the same time, as BW of 

almost all neonates is measured, by definition, about 10% of the population is SGA at birth, 

which provides a large and stable endpoint for curve development. BW and SGA status thus 

function as accessible proxies for endpoints of clinical interest. The focus of curve 

development thus shifted from intrinsic description of the population to the construction of a 

predictive model with BW and SGA status as targets. The development of curves for the 

relative risk (RR) of SGA, rather than percentile curves or relative growth curves, is thus 

natural. As expected, fetuses following the median SF value through pregnancy have been 

shown to have an approximately 10% risk of SGA status at birth. Deviations below the 

median SF value at a given age translate into an increased risk of SGA status at birth and a 

corresponding increase in the RR. RR curves can be drawn over the span of a pregnancy, 

providing an alternative measure of deviation from expected size. A result derived directly 

from the RR prediction curve is that a specific deviation from the median SF measure at a 

given age is of less importance in the earlier weeks than in the later weeks of pregnancy. This 

finding is in line with most prediction problems; the endpoint is harder to predict at an early 
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stage, and deviation from normal is thus less indicative of an adverse outcome. This obvious 

fact is not taken into account in intrinsic studies in which growth is defined without reference 

to an endpoint. 

This SF method is new in that it connects the endpoint directly to curve development, and 

does not require separate follow-up evaluations of SGA prediction for the assessment of 

prediction quality, although such evaluations always have independent value. Importantly, 

prediction models developed using data from small clinical studies must be evaluated 

separately for at least two reasons. First, a small dataset results in a model that is over fitted to

the data; the prediction quality is exaggerated and is not representative of future applications. 

Second, the data may be skewed and not completely representative of the total population for 

which the screening tool is designed. In contrast, with population-based model development, 

the study population achieves nearly 100% coverage of the region it represents. The selection 

problem is absent, and statistical estimates are stable. In principle, the models could be 

developed using, for instance, a random sample of half of the population data and then 

evaluated with tools such as receiver operating characteristic (ROC) curves using the second 

half of the data. However, due to the size of such datasets, this approach has no practical 

difference from the use of the entire dataset for development and quality assessment. 

Despite these advantages, this approach has drawbacks. Serial SF measurements are assessed 

using lines of constant RR, rather than percentiles, which places all measurements obtained 

during a pregnancy on equal footing in terms of risk prediction. However, the approach does 

not entirely account for the overall test characteristics, such as total sensitivity and specificity, 

which are the targets of the relative growth SF approach. It also, by definition, targets the 

prediction of SGA status at birth, rather than the assessment of FGR specifically. However, it 

enables evaluation of the effect of change in growth pattern directly in terms of clinical 

outcome. We have shown that only the last SF measurement has predictive value; change in 

growth prior to this value adds little to the prediction (76). This finding is a clear indication 

that actual FGR detection using SF measurement may be difficult, in line with results 

showing that the added quality of the detection model used in the relative growth SF approach 

has a limited payoff in terms of outcome detection (75). 
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1.2.4 Concepts in screening 

A diagnostic test is any kind of medical test performed to aid in the diagnosis or detection of a

suspected disease or condition. This type of test differs from a screening test, which is used in 

low risk settings, when no disease or condition is suspected a priori. Screening tests are 

offered to asymptomatic people who may or may not have early disease or disease precursors, 

and test results are used to guide whether a diagnostic test should be offered. Diagnostic tests 

are offered to people who have specific indications of possible illness (history, symptom, sign 

or positive screening test result) to determine whether they have the disease in question.  

Screening has benefits, costs, and harms, and clinicians have an ethical obligation to 

maximize benefits and minimize harm; the overall benefits should outweigh any harm that 

results from screening (78). In addition, the benefits of screening should justify its expense. 

Screening tests will always need to balance sensitivity against specificity; setting a liberal 

cutoff in the screening test will obviously increase sensitivity, but at the same time lead to 

reduced specificity and thus increased cost in terms of expensive follow-up, unnecessary 

treatment etc.  

SF measurement is a simple, non-invasive, and harmless test with no negative side effect 

except the potential risk of increased maternal anxiety in the case of deviant results. The 

accuracy of SF measurement is, however, low. EFW in the third trimester has been suggested 

as a way to detect SGA fetuses. A recently published study by Sovio et al (79), reported a 

sensitivity of 57 %, and a specificity of 90 % for detection of SGA fetuses with universal 

ultrasound in the third trimester. EFW by ultrasound is a costly method demanding trained 

personnel and expensive equipment.  Additionally, from a global perspective EFWs by 

ultrasound is not available for most pregnant women. Accordingly, after refinement of the 

method, SF measurement might be applicable as a screening test and EFW by ultrasound as a 

diagnostic method in pregnancies of suspected FGR.

Sensitivity and specificity 

Test results have four possible interpretations: true positive (TP), true negative (TN), FP, and 

false negative (FN; Figure 6).
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Figure 6. Four possible interpretations of test results 

Disease present Disease absent 
Test positive True positive (TP) False positive (FP) 
Test negative False negative (FN) True negative (TN) 

Sensitivity (also called the TP rate) is defined as the proportion of patients with the disease 

who have positive test results. It is calculated by the formula: sensitivity (TP) rate = TP / (TP 

+ FN). Specificity (also called the TN rate) is defined as the proportion of patients without the 

disease who have negative test results. It is calculated by the formula: specificity (TN) rate = 

TN / (FP + TN). Most tests are characterized by a trade-off between sensitivity and 

specificity. A change in the cut-off value to achieve higher sensitivity results in lower 

specificity, with more FP results. Two other proportions, the FP and FN rates, are sometimes 

reported and may be calculated (Figure 7).

Figure 7. Summary of terms used to describe the accuracy of a diagnostic test. TP, true positive; FP, false 
positive; TN, true negative; FN, false negative

True positive rate = TP = sensitivity 
TP + FN 

True negative rate = TN = specificity 
FP + TN 

False positive rate = FP = 1 - specificity 
FP + TN 

False negative rate = FN = 1 - sensitivity 
TP + FN 

Positive predictive value = TP 
TP + FP 

Negative predictive value = TN 
TN + FN 

Predictive values 

Sensitivity and specificity convey information about whether a test is useful in making a 

diagnosis. Once the test has been performed, sensitivity and specificity do not indicate 

whether a positive result truly indicates the presence of disease. That information is given by 

predictive values. The PPV is defined as the proportion of patients with positive test results 

who have the disease. It is calculated by the formula: PPV = TP / (TP + FP). The negative 
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predictive value (NPV) is defined as the proportion of patients with negative test results who 

do not have the disease. It is calculated by the formula: NPV = TN / (TN + FN). Importantly, 

predictive values vary with the prevalence of a disease, defined as the proportion of the 

population that has the disease at a given time. 

Receiver operating characteristic curves 

ROC curves are used to illustrate and evaluate the accuracy of one or more tests over a range 

of cut-offs. The ROC curve on a graph for each cut-off plots the sensitivity (TP rate) on the y

axis, and 1 – specificity (FP rate) on the x axis. For an ideal test, the plotted curve ascends 

along the y axis; for a test of no diagnostic value, the plot ascends along the y = x line.  

Summary ROC (sROC) curve analysis is a recently developed statistical technique that can be 

applied to meta-analysis of diagnostic tests. This technique can overcome some of the 

limitations associated with the pooling of sensitivities and specificities from published 

studies. The sROC curve is initially constructed by plotting the sensitivity (true positivity) and 

false positivity (1 – specificity) of each study. After mathematical manipulation of the true 

and false positivities, linear regression is performed to calculate the slope and y intercept. 

These coefficients are then entered into the sROC equation to generate the sROC curve (80). 

Likelihood ratios and diagnostic odds ratios 

Likelihood ratios compare the proportions of patients with and without the disease who have 

positive (or negative) test results. They are calculated by the formulas: positive likelihood 

ratio (PLR) = sensitivity / (1 – specificity) and negative likelihood ratio (NLR) = (1 –

sensitivity) / specificity.  

A likelihood ratio > 1 indicates that the test result is associated with the presence of the 

disease, whereas a likelihood ratio < 1 indicates that the test result is associated with the 

absence of disease. Evidence for the presence or absence of disease strengthens with the 

distance of a likelihood ratio from 1. Likelihood ratios > 10 and < 0.1 are considered to 

provide strong evidence to rule diagnoses in and out, respectively, in most circumstances (81).  

The diagnostic odds ratio (DOR) is used commonly as an overall indicator of diagnostic 

performance. It is calculated as the odds of a positive test result among those with the target 

condition, divided by the odds of a positive test result among those without the condition 
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(DOR = PLR / NLR). As a general rule, DORs > 100 indicate high accuracy, values of 25–

100 indicate moderate accuracy, and those <25 indicate that the test is not useful (81). 

Relative risk 

The result of a test (positive or negative) can be considered to be an exposure. In the setting of 

paper III (76), the event is an SGA outcome, and the exposure is an SF value falling below a 

certain percentile. The RR thus corresponds to:  RR = [TP / (TP + FP)] / [FN / (FN + TN)] = 

PPV / (1 – NPV).

The RR is thus equivalent to the PLR, but reversed to reflect the probability of an outcome 

conditional on the test result. The numerical values of the RR and PLR are close for rare 

outcomes; when SGA is defined as BW < 10th percentile, they usually remain close. 

When defining SF percentile curves based on exposure, the RR measures the increased SGA 

risk for a fetus in a low SF percentile relative to one at the median value. 
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2 Study rationale and aims 
In The Lancet’s series on stillbirth prevention, an expert panel ranked improved methodology 

and evidence for SF height measurement among the top 10 research priorities in efforts to 

reduce stillbirth (82). This perspective is in line with the Cochrane review’s call for research 

to establish the sensitivity and specificity of SF height in detecting SGA, and to determine its 

effectiveness in reducing perinatal morbidity and mortality (72). 

The use of SF measurement is widespread, despite its uncertain effects. It has significant 

impacts in clinical practice, leading to interventions that increase the rates of hospital 

admission and ultrasound examination. Thus, substantial benefits to patients and health care 

providers would likely accrue from an increased understanding of the clinical usefulness of 

this method. Studies conducted to date have focused mainly on the definition of percentile 

cut-offs and evaluation of their ability to identify the risk of SGA/growth restriction. This is 

not evident; growth trajectories differ in health and disease, and a given distribution-based 

percentile may indicate different risks according to gestation (77).  

The objective of this study was threefold: to systematically identify, appraise, and synthesize 

published evidence for the accuracy of SF height measurement for the prediction of SGA 

status at birth; to present a new population-based SF reference curve; and to develop and 

evaluate a new SGA risk prediction model based on SF measurement. 

The aims of the individual studies were: 

Paper I: to conduct a systematic literature review of the sensitivity and specificity of SF 

height for the prediction of SGA status at birth in unselected and low-risk pregnancies, and to 

perform meta-analyses of test accuracy. 

Paper II: to present a new reference curve for SF height, and to determine the effects of 

maternal and fetal factors on SF height. 

Paper III: to develop and evaluate a new method to assess the risk of SGA status at birth by 

SF measurement. 
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3 Material and methods 

3.1 Design and data sources 

3.1.1 Paper I 

Paper I reports on a systematic review (6). We systematically searched PubMed, Medline, 

Embase, CINAHL, the Cochrane Library, and SweMEd for studies that assessed the accuracy 

of SF measurement for the identification of SGA neonates. The search strategy involved 

combinations of SF-related terms appearing in subject headings and as keywords. We 

searched the databases from inception through September 2014. Inclusion criteria were: 

cohort study of test accuracy performed in a routine ANC setting; measurement of SF height 

in all participants; classification of SGA, defined as BW < 10th, 5th, or 3rd percentile, or ≥ 1

or 2 SDs below the mean; study conducted in Northern, Western, or Central Europe, USA, 

Canada, Australia, or New Zealand; and reporting of sufficient data for 2 × 2 table 

construction. Our search returned 722 citations, of which 8 studies fulfilled the inclusion 

criteria. Quality of the included studies was assessed in duplicate using the Quality 

Assessment of Diagnostic Accuracy Studies tool (83, 84). 

Study characteristics 

The included studies were published between 1982 and 1991. Five studies (57, 65, 67-69) 

were conducted in Great Britain, and three (58, 62, 66) were conducted in Scandinavia. 

Participant numbers ranged from 381 to 3038, with a mean of 1252. The total population was 

10,018. Most studies used locally derived SF charts. Different cut-off criteria were used to 

identify abnormal results, including one value < 10th percentile (57, 65), one value < 10th 

percentile or static or falling values (69), two consecutive or three isolated values < 10th 

percentile (57, 68), one value ≥ 3 cm below the mean (62), one value ≥ 3 cm below the mean 

or static or falling values (57, 58, 62, 67), and one value ≥ 2 SDs below the mean (66). 

Definitions of SGA included BW < 10th percentile (57, 62, 65-69), BW < 5th percentile (57), 

and BW ≥ 2 SDs below the mean (58), according to local standards. 
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3.1.2 Papers II and III 

Papers II and III present the results of population registry–based cohort studies. All women 

who delivered singleton neonates at Sahlgrenska University (SU) Hospital, Sweden, between 

January 2005 and September 2010 and attended ANC between gestational weeks 24 and 42 (n

= 44,056) were included after identification using the hospital’s obstetric database. The SU 

Hospital has three delivery wards in two locations in Gothenburg and is a tertiary referral unit 

for a wider region. Data from pregnancies with no registered dating scan or measurement of 

SF height (n = 2038) were excluded. Thus, the study sample consisted of data from a total of 

42,018 pregnancies with complete ultrasound-confirmed information about gestational age 

and a total of 282,713 measurements of SF height, with an average of 6.8 measurements per 

pregnancy.  

To investigate the effect of the use of SF measurements from a selected cohort versus those 

from the entire cohort, we created two subgroups of selected pregnancies by excluding (i) 

pregnancies with severe congenital anomalies/chromosomal abnormalities or resulting in 

stillbirth (n = 41,205); and (ii) pregnancies in women with registered severe chronic diseases, 

pregnancy complications, BMI > 30 kg/m2, operative deliveries, preterm deliveries (<259

gestational days), post-term deliveries (>294 gestational days), delivery of neonates with low 

Apgar scores (<7 at 5 min), SGA status (BW < 10th percentile), and large-for-gestational-age 

status (BW >  90th percentile; n = 23,832).   

Maternal and neonatal characteristics 

The women in the study sample (n = 42,018) had a mean age at childbirth of 30 (SD = 5) 

years, and 33.7% were giving birth to their first child. Mean maternal pre-pregnancy weight 

and height were 67 (SD = 12.6) kg and 166 (SD = 6.7) cm, respectively. Mean BMI was 22.2 

(SD = 4.5) kg/m2. About 6% of women were cigarette smokers at the time of registry.

The neonates in the study sample (n = 42,018) had a mean BW and gestational age of 3498 

(SD = 545.8) g and 283 (SD = 12) days, respectively. Among the neonates included in this 

cohort (51.3% were male), 88.2% were born at term (259–294 days), 7.4% were born post-

term (>294 days), and 4.3% were born preterm (<259 days). The sample included 0.3% 

antepartum stillbirths.  
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We compared the excluded 2038 pregnancies without registered dating scan or measurement 

of SF height to the final study population on key variables. We found no relevant differences 

in maternal age, pre-pregnancy BMI or nulliparity. The excluded pregnancies had a slightly 

lower mean BW, 3332 grams versus 3498 grams in the study population. 

Description of variables 

SF measurement. The SF technique is standardized in Sweden according to Westin’s (48) 

method. SF height is measured from the upper border of the pubic symphysis along the 

longitudinal axis of the uterus to the highest point of the uterus, within or outside the midline. 

The woman should be in a supine position with her legs extended and bladder empty.  

Gestational age determination. All pregnancies were ultrasound dated using the BPD in the 

second trimester, according to the Swedish ANC program (85). Gestational ages (in weeks 

and days) were derived from these values using a pregnancy length of 283 days (13, 30, 86).  

SGA. SGA was defined as BW < 10th percentile for gestational age and sex relative to the 

population standard (30, 31). 

3.2 Statistical methods 

3.2.1 Paper I 

Statistical analyses were performed using the MIDAS module (87) for STATA (version 12; 

StataCorp, College Station, TX, USA) and Review Manager 5.3 software. Data on sensitivity, 

specificity, and TP, FP, TN, and FN results were extracted directly from the source papers or, 

if necessary, calculated from the data provided. PLRs, NLRs, DORs, and 95% confidence 

intervals (CIs) were calculated.  

Hierarchical bivariate random-effects meta-analysis (88) was used. This model takes into 

account potential threshold effects and the correlation between sensitivity and specificity. If 

there appeared to be no or minimal threshold differences between the studies clinically or on 

the ROC plot, then use of a summary statistic in the form of sensitivity and specificity was 

planned. If clinical and visual appearance of a threshold effect was present, then the use of the 

summary ROC curve as the most appropriate summary measure. As our data was a mixture of 

different positivity thresholds, which also was reflected in the ROC plot, we decided to 
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estimate a summary ROC curve. The summary estimation of sensitivity and specificity by 

pooling studies with mixed thresholds would produce an estimate that related to a notional, 

unspecified average of the thresholds in the included studies, which is clinically unhelpful and 

is not recommended (89). 

The heterogeneity of the results between studies was assessed statistically using the quantity 

I2, which describes the percentage of total variation across studies that is attributable to 

heterogeneity rather than chance (90). Subgroup analyses was intended for investigation of 

heterogeneity, however, there was an insufficient number of studies (and thus low statistical 

power). 

3.2.2 Paper II 

Statistical analyses were performed using the R Project Statistical Computing environment 

(version 2.14.1; http://www.r-project.org) and STATA Statistical Software version 11 

(StataCorp). Gestational age was measured in days, and SF height was measured in 

centimeters. 

Nonlinear regression of SF height on day of pregnancy was used to construct a reference chart 

for the median and other percentiles of SF height. SF curves were estimated by the 

generalized additive models for location scale and shape (GAMLSS) method (91) using the 

GAMLSS R library. For all gestational ages, the SF distribution was very close to normal. 

However, at the extreme ends of the distribution, such as the 1st and 99th percentiles, small 

deviations from normal could cause noticeable biases in estimates. To account for minor 

deviations from normal distribution, the GAMLSS model was fitted using the Johnson SU 

distribution, which extends the normal distribution by allowing the estimation of not only 

means and SDs, but also skewness and kurtosis, the latter being a measure of the 

“pointedness” of the distribution.

To assess the effects of fetal and maternal characteristics on SF height, we computed day-by-

day residuals of SF height by subtracting the estimated median SF value from the observed 

values. Gestational age was then categorized into three groups (24–30, 31–36, and 37–42

completed weeks of gestation), and the effects were assessed using the residuals as dependent 

variables in three separate multiple regression analyses, one for each gestational age group. 

As independent variables, the fetal characteristic was sex (female, male); the maternal 
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characteristics were parity group (0, 1, 2+), age group (14–20, 20–35, 35–52 years), smoking 

at first antenatal visit (yes, no), height (<162, 162–165, 166–168, 169–172, >172 cm), and 

pre-pregnancy weight group (<57.4, 57.4–62.5, 62.6–67.7, 67.8–75.2, >75.2 kg). 

3.2.3 Paper III 

In this study, SGA was defined as pdBW ≤ –13.8% (30), corresponding to BW < 10th 

percentile for gestational age. We computed pdBW as (BW – BW0) / BW0 × 100%, where 

BW0 is the population median BW for a given gestational age at birth. Similarly, we 

computed the (absolute) symphysis-fundus deviation (dSF) as SF – SF0, where SF0 is the 

population median SF for the given day of measurement (53). A linear regression for each 

week of pregnancy with pdBW serving as the dependent variable and dSF and gestational age 

serving as independent parameters was performed. The ability of dSF to predict pdBW in 

each week was determined using the R2 value. To assess the added predictive value of

maternal factors, regression was also performed using dSF in combination with fetal sex 

(male, female) and the following maternal characteristics: parity (0, 1, 2+), age (14–20, 21–

35, 36–52 years), smoking at first antenatal visit (yes, no), height (<162, 162–165, 166–168,

169–172, >172 cm), and pre-pregnancy weight (<57.4, 57.4–62.5, 62.6–67.7, 67.8–75.2,

>75.2 kg).  

To predict the risk of SGA status at birth, we similarly performed a binary regression analysis 

for each pregnancy week, with dSF serving as a linear predictor and SGA as a dichotomous 

outcome. The results allowed us to define dSF values predicting specific RRs (e.g., 1, 2) for 

SGA. To assess the predictive value of the logistic regression models, we computed an ROC 

curve and the area under the curve (AUC) for each week, and overall. The overall ROC curve 

was computed by assuming a positive test result for SGA, when at least one measurement 

exceeded the specified RR cut-off value during a pregnancy.  

To assess whether longitudinal SF measurements could increase the predictive value of the 

model, the linear regression model described above was used. This model allowed 

examination of the relationship between dSF at any given gestational age and BW outcome. 

We computed the rate of change in SF measurements prior to that age, and included it in the 

regression model. The rate of SF change in the final model was computed using the difference 

between the Z score of the SF measure at the given gestational age and that of the previous 

measurement, divided by the number of days between measurements. Several other options 
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for computing the rate of change, such as the slope along all previous SF measurements for 

that pregnancy, were investigated. 

3.3 Ethical approvals 
No ethical approval was required for the study reported on in Paper I, as it was a systematic 

review based on published data. The studies reported on in Papers II and III received ethical 

approval from the local Institutional Board and the ethics committee of Gothenburg 

(Regionala etikutprövningsnämden i Göteborg, ref. no. 305-10). 
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4 Synopsis of study results 

4.1 Paper I 
Symphysis-fundus height measurements to predict small-for-gestational-age status at 

birth: a systematic review 

In this study, we conducted a systematic review to assess the accuracy of SF height for the 

prediction of SGA status in unselected and low-risk pregnancies. Eight studies (57, 58, 62,

65-69) were included in the final dataset and seven (57, 62, 65-69) were included in summary 

analyses. 

The sensitivity of SF height for prediction of SGA (BW < 10th percentile) ranged from 0.27 

to 0.76 (range of 0.49) and specificity ranged from 0.79 to 0.92 (range of 0.13). All studies 

reported DORs > 1 and CIs that did not include 1, implying that the positive association of SF 

height with SGA is not accounted for by chance alone. One study (66) had a narrower CI than 

the other studies, which may be attributed to its large size. PLRs were >1 in all studies, 

indicating that an abnormal SF height value is associated with SGA status at birth. However, 

all PLRs were <10, the threshold generally accepted for a useful test. The same seven studies 

obtained NLRs < 1, indicating that a normal SF height value is correctly associated with the 

absence of SGA. However, no study met the accepted level of <0.1 in this group of women. 

The sROC curve fell to the left of the diagonal, signifying that the SF measurement test has 

value. Accuracy measured by the AUC was 0.84 (95% CI = 0.81–0.87). The I2 value was high

(98 %). 

One study (57) assessed the accuracy of SF height for the prediction of SGA defined as BW < 

5th percentile. This study used several cut-off points, with stricter criteria yielding lower 

sensitivity and higher specificity values. NLRs and PLRs did not meet the accepted criteria 

for classification of SF height measurement as a useful test. One study (58) assessed the 

outcome of SGA defined as BW ≥ 2 SDs below the mean. For a less strict SF cut-off point 

(one value > 2 cm below mean or falling or static values), the authors reported low sensitivity 

(59%) and high specificity (97%). The PLR exceeded 10, but the NLR did not meet the 

required criterion of <0.1. 
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4.2 Paper II 
A new population-based reference curve for symphysis-fundus height 

In paper II, we presented a new reference chart for SF height based on SF measurements from 

a large population-based maternity cohort, and determined the effects of maternal and fetal 

factors on SF height. The new SF reference curve was compared with other relevant 

Scandinavian SF charts. 

The new reference curve for SF height showed linear growth until term. Maternal weight and 

height were found to influence SF height moderately, whereas parity, maternal age, smoking, 

and fetal sex had no clinically relevant effect. We found that the median value of our new 

reference curve was considerably greater than those of the older Westin curve (48), and the 

modified curve used previously in Norway (52) (Figure 8). Compared with the 

Steingrimsdottir et al. (49) curve, the median values were slightly higher (0.5 cm) at 

gestational ages < 34 weeks. From pregnancy week 35, the differences increased to 

approximately 1 cm.  

Figure 8. Comparison of our new curve with the modified curve previously used in Norway 
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To investigate the effect of the use of SF measurements from selected cohorts versus those 

from the entire cohort, SF curves were drawn for two sub-populations. The exclusion of 

stillbirths and fetuses with severe congenital abnormalities caused no change in the SF 

percentiles. Exclusions based on maternal and fetal pathologies shifted the 90th and 95th 

percentiles downward, but all remaining percentiles remained nearly unchanged from those 

for the total population (Figure 9). 

Figure 9. Comparison of SF percentile curves from the entire population (black lines) with SF percentile curves 
from the “hyper-normal” population (green lines) 

4.3 Paper III 
Prediction of small-for-gestational-age status at birth by symphysis-fundus height: a 

registry-based population cohort study 

In this study, we presented a prediction model for SGA during pregnancy by predicting fetal 

size at birth using SF measurements. An additional objective was to develop risk curves that 

delineate SF values corresponding to specific degrees of elevation in SGA risk relative to 

pregnancies with normal patterns of SF height. We also compared the SGA risk curves with 
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the SF percentile curves presented in paper II (53) to determine similarities and differences 

across the gestational age range. 

We showed that the overall level of variance in BW explained by dSF increased gradually 

with gestational age, from 3% in pregnancy week 24 to 20% in week 42. The addition of 

maternal and fetal factors to the model explained an additional 10 percentage points of 

variance in BW. The explained variation in BW was not improved by including the SF Z

score (SF change) as the predictor, indicating that only the most recent SF measurement is 

useful in the detection of SGA.  

ROC curve analysis confirmed that SF measurements obtained in late pregnancy were 

stronger predictors of SGA than were those obtained in early pregnancy. The overall 

sensitivity and specificity for SGA detection using an RR cut-off limit of ≥2-fold were 50% 

and 80%, respectively. Tuning the cutoff correspondingly changed the sensitivity and 

specificity. A stricter cutoff resulted in a higher specificity, but lower sensitivity. Vice versa, a 

less stringent cutoff gave higher sensitivity but lower specificity. 

Figure 10. The relationship between SF percentile curves and RR of SGA 
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Comparison of the percentiles of the SF population distribution extracted from paper II (53)  

showed that the 50th percentile corresponded closely to 1.0 RR line, indicating that women 

with SF values close to the population median give birth to children with no increased SGA 

risk. At the 2.5th percentile of the SF population, the RR of SGA status increased gradually 

from approximately 2 at 24 weeks of gestation to 3.5 at 42 weeks of gestation. Figure 10 

shows the relationship between SF percentiles and the corresponding RR of SGA. 
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5 Discussion 
In this chapter, an overview of methodological strengths and weaknesses is presented, and 

whether limitations may have influenced results is assessed. The main results are discussed 

and compared with results from other studies. 

5.1 Methodological considerations 

Paper I 

This study was carried out according to a predefined protocol that set out the scope of the 

review and details of the methodology used throughout the review process. The review was 

conducted according to the Meta-Analysis of Observational Studies in Epidemiology and 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses statements (92-94), 

and registered in the PROSPERO international prospective register of systematic reviews (no. 

CRD42014008928).  

Limitations 

A large number of abstracts were reviewed. With regard to study design, suitable publications 

may have been omitted due to the sole use of electronic searches, reviewer error, or the use of 

limited search terms. Further detail could be added to the searches, including the use of 

limited text terms. Publication bias may occur, consensus is lacking on its importance or how 

to assess its impact on systematic reviews of diagnostic test accuracy (81). As the current use 

of SF height in clinical practice is debated (95), whether publication bias would result in the 

exclusion of papers showing low or high test accuracy is not clear.  

The lack of large cohort studies conducted in routine ANC settings that were suitable for 

inclusion in our analysis was the main limitation of this review. Given the small number of 

studies included in the review, statistical subgroup analysis and covariate hierarchical 

modeling for the investigation of heterogeneity were not performed, resulting in an 

incomplete assessment of controlling bias. 
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Generalizability 

The populations of studies included in the review were limited to unselected and low-risk 

pregnancies. Thus, the results cannot be applied to high-risk populations. In such settings, the 

prevalence of SGA would be higher, and SF measurement would likely show greater accuracy 

(96). In addition, the studies included in the review were conducted in countries with health 

care systems comparable to those in Scandinavia. Thus, the results cannot be applied to 

different and less well-resourced national health systems. Overall, the results can be applied 

to unselected and low-risk pregnancies in women attending health care systems comparable to 

those in Scandinavia. 

Papers II and III 

The studies reported on in papers II and III utilized a population-based registry containing 

approximately 300,000 longitudinal measurements. The large amount of population data 

minimizes random errors. The data were collected prospectively, eliminating recall bias. The 

material mirrors clinical practice, with gestational age computed by ultrasound and 

measurements performed by numerous health care workers.  

Limitations 

These studies have several limitations. First, our findings may have been influenced by 

knowledge of fetal and maternal complications affecting fetal growth among those who 

measured SF height, which would bias the SF values. We had no information regarding the 

timing of obstetric diagnosis, and hence could not determine whether the examiners had any 

knowledge of pathology prior to obtaining the measurements. Such bias could have resulted 

in under- or overestimation of the true SF values. 

Furthermore, the number of SF measurements differed among the women in the sample, with 

an average of 6.8 measurements per pregnancy. SF measurements may have been recorded 

more frequently when SGA status was suspected. However, we found that the number of SF 

measurements was greater (0.2) among women with low-risk pregnancies than in the rest of 

the population; it thus seems unlikely that this potential source of bias influenced the results.   

Finally, inter-observer differences could arguably bias the results. Several health care workers 

contributed to the SF measurements in this dataset. However, this weakness did not likely 
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systematically influenced our results because the importance of bias in the general 

interpretation of the effects of observer variation declines with the increase in the number of 

observers involved in a study, as the biases cancel out.  

Generalizability 

The data used for these studies came from a community-wide, compulsory, population-based 

reporting system and represent a real-life sample from ordinary ANC. Maternal and neonatal 

characteristics were largely in agreement with those of births occurring during the study 

period in Sweden and reported to the Swedish Medical Birth Registry (97), except for the 

parity distribution. The nulliparity was lower compared with the Swedish population during 

the study period (33.7 % vs. 45 %). In paper II we assessed the effect of parity on SF 

measurements and found no clinical effect of parity on SF height, suggesting that moderate 

differences in parity distributions by themselves should have little impact on the result. We 

cannot rule out, however, that there may be other population differences.   

5.2 Interpretation of results and comparison with 
previous findings 
Systematic review: SF height can be the first parameter raising suspicion of SGA (BW < 

10th percentile) in low-risk and unselected pregnancies 

SF measurement seems to have some significance for the prediction of SGA defined as BW < 

10th percentile. All studies included in this review reported DORs > 1. The sROC curve fell 

to the left of the diagonal (AUC=0.84, 95% CI= 0.81-0.87), indicating that the SF test has 

value. Adequate levels of sensitivity appear to be achieved at the expense of lower specificity, 

with large number of FP results. The results can be applied to low-risk and unselected 

pregnancies in routine ANC settings. The diagnostic accuracy of SF measurement in other 

populations of pregnant women has recently been reviewed. In a meta-analysis, including 46 

studies conducted mainly in developing countries, Goto (98) reported pooled sensitivity and 

specificity of 58% and 87%, respectively. The AUC was 0.82 (95% CI, 0.78–0.85). The 

review of Goto included studies involving a wide range of ethnic groups, clinical settings, and 

disease spectrums. In our review we applied more strict inclusion criteria, focusing mainly on 

the analysis of data from a more homogenous and relevant population. The included studies 

could not be case-control studies nor could they be studies that were conducted in high risk 
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settings. Case-control studies have been demonstrated to overestimate diagnostic accuracy 

compared with cohort studies conducted using an appropriate spectrum (96, 99) . Similarly, 

studies conducted in high risk settings provide overly optimistic estimates compared with the 

screening in in a low risk population (100). Despite the differences in study inclusion criteria 

between the two reviews, sROC curves and AUC estimates are quite similar. 

The observed similarity in sROC curves may seem surprising in light of the many differences 

between study populations, choice of included studies, and methodology used in the selected 

studies. There may still be good reasons for the similarities. It is reasonable to assume that the 

basic underlying correlation between BW and the SF measures at a given gestational age will 

be relatively constant across populations and unaffected by population differences such as 

mean BW, maternal BMI etc. This again leads to general similarities between tests based on 

dichotomizing SF and BW. Specific population-specific cutoff values will clearly produce 

different sensitivities and specificities, but when summarizing the test properties in a ROC 

curve, many of the dissimilarities will disappear. The sROC curve is the endpoint – the 

“average” ROC curve - of all included studies. The individual study differences will thus 

again average out, leading to an end result that is likely to be relatively unaffected by the 

differences in study populations. 

New population-based reference curve: no decrease or flattening of the curve toward term 

We showed that the pattern of the new reference standard differed from that of currently used 

Scandinavian standards of older origin. Our results refute the common belief that fundal 

height flattens toward term. SF height continued to increase throughout pregnancy. The 

median of our new curve fell about 1 cm above that of Westin’s (48) curve developed in 

1977, for the whole gestational range. It was 1 cm above the median of the modified curve 

used previously in Norway (52) for pregnancy weeks 24–36, and gradually approached 2 cm 

above that median after 37 gestational weeks . The median of our curve fell 0.5 cm above that 

of Steingrimsdottir et al.’s (49) curve, developed in 1995, for pregnancy weeks 24–34, and 

then gradually approached 1 cm above that median after 34 gestational weeks. 

The lower SF values in some previous studies may be explained by differences in the 

population samples, analytical strategy, and study design. With respect to the observed 

difference at the end of pregnancy in the Steingrimsdottir et al. (49) curve, this curve fits 

cubic polynomials for the mean and SD of the SF measurement, which may explain the 
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notably lower SF values in advanced pregnancy weeks. The disadvantage of using standard 

polynomial regression is that fits at the endpoints may be less satisfactory when an optimal fit 

is obtained in the central region. In particular, the use of polynomials often results in sharp 

up- or downturns at the ends. This issue may have caused the bending/drop at the ends of 

some previously published curves. However, without access to the data, determination of how 

much of the downturn can be explained in this manner is difficult. 

New population-based reference: moderate effects of maternal covariates 

We investigated the effects of maternal height, pre-pregnancy weight, age, parity, smoking 

habit at first antenatal visit, and fetal sex on SF measurement. The adjusted results were 

presented in Table 3 in Paper II. Only maternal weight and height had clinically relevant 

effects, with differences in late pregnancy of about 2 cm between the lightest and heaviest 

women, and about 0.7 cm between the shortest and tallest women. Figure 11 shows in detail 

how the covariate effects change during pregnancy. Note that values in the figures are 

unadjusted and thus differ somewhat from the numbers in Table 3 in Paper II. The most 

noticeable effect of adjusting the covariates for one another is seen in maternal weight and 

height. In the unadjusted analyses, there is a strong effect of maternal weight, whereas 

maternal height is almost without effect. After adjustment, there is an effect also of maternal 

height; higher women have shorter SF measurements, with a span of approximately 0.7 cm 

around term. The lack of effect of height before adjustment is likely due to the correlation 

between weight and height; smaller women are both shorter and lighter, and the effects 

cancel.  

In the literature, basic pregnancy characteristics, alone and in combination, have been 

reported to influence SF height measurement. Mongelli and Gardosi (101) reported on the 

influences of maternal booking weight, parity, ethnic group, and fetal sex in 325 pregnancies. 

Booking weight was the most influential maternal characteristic, with every 10 kg above 

average increasing expected SF height by 0.7 cm. Multiparas and male fetal sex were each 

associated with SF heights of 1 cm above average. Ethnic group did not appear to affect SF 

height significantly.  
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Figure 11. Effects of maternal and fetal covariates on SF measurement 
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Steingrimsdottir et al. (49) examined maternal characteristics using univariate statistics. They 

also found that maternal booking weight was a significant determinant of SF height, with a 

difference of approximately 2 cm between the lightest and heaviest women. The only other 

factors included were parity and smoking, and these were not significant predictors.   

Challis et al. (102) reported on maternal weight at booking and parity in a Mozambique 

population (n = 770). Average SF values were 0.5–1 cm higher for parous than for nulliparous 

women. Values were approximately 1 cm lower and 1 cm higher among women with BMIs < 

19 kg/m2 and those with BMIs > 27 kg/m2, respectively, compared with women with normal 

BMIs. The authors also compared SF curves from various studies conducted in different 

populations and showed that American (103) and Indian curves (104) were highest and 

lowest, respectively. Unfortunately, we were unable to study the effects of ethnicity.   

SGA prediction: low, but consistent and increasing, predictive ability for the detection of 

SGA neonates 

We showed that the quality of BW and SGA risk predictions is low in early pregnancy, but 

that quality and predictive value increase closer to term. The addition of maternal and fetal 

factors to the model explained an additional 10 percentage points of variance in BW, but they 

did not confound the SF-BW relationship to a substantial degree. Thus, accounting for them is 

not essential when assessing the predictive strength of SF measurements.  

The predictive SF model resulted in a much smaller degree of explained variation than 

obtained with the use of standard ultrasound fetal biometric algorithms; such model estimates, 

including measurement of BPD, AC, and FL, were previously reported to explain 18% of the 

variation in BW in early pregnancy, and close to 65% of explained variation at the end of 

pregnancy (31). Even without AC, greater precision was reported, with these factors 

explaining about 35% of variation in BW at the end of pregnancy. 

Despite the low degree of explained variation in BW compared with ultrasound, SF 

measurement may have a place in the antenatal detection of SGA. SF measurement is used 

mainly as a screening test, not as a diagnostic test. The main purpose of screening tests is to 

identify a population at risk that requires follow up with diagnostic testing. Screening tests are 

generally accepted to be less accurate than diagnostic tests. In addition, SF measurement does 

not exist in total absence of other ANC; it is only a part of antenatal screening for the 
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detection of fetuses at risk. Furthermore, it is low cost, easy to use, and requires very little 

training, with no direct risk to the fetus. The main risk is the possibility of FP and FN results, 

which may produce excess maternal anxiety.

SGA prediction: no effect of longitudinal measurements on BW prediction 

We found no effect of longitudinal SF measurement on BW prediction. Various attempts to 

analyze the current and preceding measurements, the entire trend, the slope of the SF curve, 

the declining growth rate, and the accelerated growth rate (Figure 12) did not improve the 

explained variation in BW. Such SF changes are commonly regarded as signs of increased 

risk of aberration in fetal growth. That SF measurement obtained from the same pregnancy 

prior to a given measurement time-point provided no useful additional information for the 

purpose of BW prediction is probably due to the low proportion of BW variance explained by 

SF measurements.  

Figure 12. Examples of the plotting of SF changes

Theoretically, additional information on a falling or static trend may be clinically useful; in 

practice, however, correlation with BW may not be sufficiently strong to be of independent 
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value. The current clinical practice to use falling or static SF values as criteria of abnormality 

is thus not necessary. The use of only the most recent SF measurement for evaluation may 

facilitate the provision of clear guidelines, thereby improving the clinical usefulness of this 

method. It should, however, be kept in mind that our results have direct relevance only to BW 

as an outcome. They do not rule out the possibility that static or falling SF values are 

indicative of perinatal morbidity and mortality in general.   
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6 Concluding remarks and future 
perspectives 
The goals of antenatal fetal surveillance in cases of FGR are to avoid imminent fetal jeopardy, 

and to identify pregnancies at increased risk of adverse pregnancy outcomes. ANC should 

provide appropriate care in order to reduce this risk while avoiding unnecessary interventions. 

The results of this study can be summarized as follows: 

• SF height has high FN and FP rates for SGA, and should preferably be used in 

combination with other clinical findings, information about medical conditions, and 

previous obstetric history (Paper I). 

• The new reference curve indicates that currently used screening tools for SGA may not 

represent the current Scandinavian population (Paper II).  

• The clear increase in predictive value from week 24 until term shows that SF 

deviations should be taken more seriously in late pregnancy, and underscores the 

difference between BW prediction curves and traditional SF percentile curves (Paper 

III).  

• Individualized prediction using the current SF measurement and additional covariates 

for maternal and fetal characteristics increases the predictive value of the most recent 

SF measurement (Paper III).  

• Patterns of static or decreasing SF values do not add to the predictive value of the most 

recent SF measurement (Paper III). 

As antenatal detection of SGA and FGR may improve neonatal outcome, and many affected 

pregnancies are undetected, continuous efforts to construct better screening and diagnostic 

methods are requisite. The presented curves should be further examined and tested in clinical 

settings, and the effects of their use must be evaluated systematically. Some key questions 

are: how will health care providers relate to the new reference curves? How many pregnant 

women will be referred to specialists for further investigation of fetal growth and well-being 

based on the chosen cut-off value? Will the introduction of the new curves actually improve 

pregnancy outcomes for mothers and children? 
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The Norwegian Directorate of Health recently revised the personal health record (Helsekort 

for gravide), and included the percentile curves for SF height from paper II (53). In Paper III, 

we demonstrate that curves delineating relative risk of SGA are an alternative to the percentile 

curves; relative risk of SGA is a concept that relates to clinical practice and may be more 

directly interpretable than population percentiles. To compare the overall predictive value of 

the distribution-based references (53) (paper II) with that of the RR curves (76) (paper III), we 

computed ROC curves for each method, defining a positive test as at least one SF 

measurement below the appropriate cutoff (either population percentile or RR value). The 

results showed almost no difference in predictive quality (Figure 13). This is somewhat 

unexpected since the RR-based curves are made explicitly to focus on SGA prediction. 

However, as is seen from Figure 2 in Paper III, the RR curves are relatively parallel with the 

SF percentile curves from around week 33 and up. Thus, the largest difference between the 

RR and percentile curves is in the early part, where predictive value is low, regardless of 

model. The choice of RR charts versus percentile charts is thus not very important for the 

overall test characteristics. Rather, it is more a matter of choice of presentation and clinical 

relevance. 

Related to the introduction of the SF curves in the new Helsekort for gravide, we also 

assessed the referral rates for pregnancies with at least one measurement below specific 

percentile limits (Figure 14). The cut-off percentile value should be chosen not only to 

improve the sensitivity of the method, but also with consideration of the practical possibilities 

for further supervision of fetal growth and well-being. Our analyses showed that the 

previously used SF chart results in a referral rate of 7% for pregnancies with one 

measurement below normal limits. With the new curve from paper II (53), this referral rate 

corresponds roughly to using the 2.5th percentile cutoff limit. 

In our studies we have seen that the predictive value of SF measurements is very low in the 

early weeks; later in pregnancy there is a moderate but consistent correlation with BW and 

SGA risk as endpoints. The utility of the SF measurements seem to be fundamentally 

restricted by the inherent uncertainty and measurement errors. The numerous charts and 

detection methods suggested in the literature include the gravidogram approach, methods for 

direct detection of FGR (for instance, the relative growth method), and our endpoint-guided 

SGA prediction model.  
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However, they all reveal the fundamental limitation of SF measurements, in that they all 

remain at modest levels of accuracy. This underscores the need to combine SF measurements 

with other clinical criteria that together may reach useful levels of predictive quality. Due to 

its ease of use and applicability across populations of varying levels of health care standards, 

it will likely remain a helpful supplement to standard pregnancy care.  

Figure 13. Performance of distribution-based references (gray line) and RR curves (solid line) for prediction of 
SGA (BW < 10th percentile) expressed by ROC curves 
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Figure 14. Referral rates according to specific lower and upper percentile limits 
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8 Corrections 

Paper II 

Pay ASD, Frøen JF, Staff AC, Jacobsson B, Gjessing HK: A new population-based reference 

curve for symphysis–fundus height. Acta Obstet Gynecol Scand 2013;92(8):925–933. 

In Table 1, the number of “Gestational age < 259 days”, “Gestational age 259-294 days”, and 

“Gestational age >294 days” was reported incorrectly. A corrected version of Table 1 is 

attached. 

Table 1. Characteristics of women and their newborn infants 

Maternal characteristics (n=42 018) Mean (SD) 
Maternal age (years) 30 (5.0) 
Maternal height (cm) 166 (6.7) 
Pre-pregnancy weight (kg) 67 (12.6) 
Body mass index (kg/m²) 22.2 (4.5) 
 n (%) 
Nullipara 14 147 (33.7) 
Multipara 27 871 (66.3) 
Smokers 2 629 (6.3) 
  
Perinatal data (n=42 018) Mean (SD) 
Birth weight (g) 3 498 (545.8) 
Gestational age at delivery (days) 283 (12.0) 
 n (%) 
Gestational age < 259 days 1 812 (4.3) 
Gestational age 259-294 days 37 077 (88.2) 
Gestational age > 294 days 3 129 (7.4) 
Boys 21 547 (51.3) 
Girls 20 470 (48.7) 
Stillbirths (>22 weeks of gestation) 109 (0.3) 
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