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Abstract

Objective: To determine the contribution of short femur di-
aphysis length (FDL) at 19-22 weeks of gestation in the pre-
diction of adverse pregnancy outcomes. Methods: The study
included singleton pregnant women who underwent a rou-
tine anomaly scan at 19-22 weeks of gestation at the Virgen
de la Arrixaca University Clinical Hospital (Murcia, Spain) be-
tween August 2011 and August 2012. Fetal biometry and
Doppler ultrasound of uterine arteries were assessed as part
of the anomaly scan, and the mean pulsatility index of both
uterine arteries was recorded. Maternal obstetric character-
istics, such as ethnicity, age, weight, parity, cigarette smok-
ing, and medical history including hypertension and diabe-
tes mellitus were collected from our database system. Re-
sults: A total of 6,366 women were included in the study

after excluding cases with abnormal karyotype, major fetal
abnormalities, or termination of pregnancy. There were 88
cases of preeclampsia (PE) (1.4%). Logistic regression was
performed including maternal and fetal characteristics.
Short FDL at 19-22 weeks was significantly associated with
subsequent development of PE (OR = 0.89, 95% Cl: 0.80-
0.99, p = 0.025). The best model to predict PE from our sam-
pleincluded gestational age at scan, parity, maternal weight,
chronic hypertension, mean pulsatility index in the uterine
arteries, and FDL (AUC = 0.78, 95% Cl: 0.71-0.84). Regarding
small for gestational age (SGA) neonates, there were also sig-
nificant differences in FDL and FDL <5th centile between the
control group and SGA newborns below the 3rd, 5th, and
10th centile. In the groups of preterm births (delivery before
32,34, and 37 weeks), there were no differences in FDL com-
pared with the control group (term births). Discussion: Our
results suggest that FDL at 19-22 weeks of gestation is an
independent predictor of PE and SGA newborns.

© 2020 S. Karger AG, Basel

karger@karger.com
www.karger.com/fdt

© 2020 S. Karger AG, Basel

el
Karger~

Maria Teresa Prieto-Sanchez

Fetal Medicine Unit, Department of Obstetrics and Gynecology
Virgen de la Arrixaca University Clinical Hospital, 2nd floor

Carretera Madrid-Cartagena S/N, ES-30120 El Palmar, Murcia (Spain)
mariatemedicina @ hotmail.com

9/2/2020 5:23:18 AM




Introduction

Preeclampsia (PE) and fetal growth restriction consti-
tute two of the major complications during pregnancy,
being the main contributors of maternal and fetal mor-
bidity and mortality [1].

Femur length is routinely measured during the second
trimester anomaly scan to determine gestational age and
the estimated fetal weight in combination with biparietal
diameter, abdominal circumference, and head circumfer-
ence [2]. The detection of a short femur length, particu-
larly below the 5th centile is often a diagnostic dilemma.
It might be associated with fetal growth restriction at the
time of the ultrasound examination [3, 4] or it could be
associated with fetal anomalies such as skeletal dysplasia
[5]. Some authors have pointed it out as a marker of chro-
mosomal abnormalities such as trisomy 21 [6-9], trisomy
18 [10], or trisomy 13 [11], and it is also associated with
other genetic abnormalities. However, a short femur is
likely to be a normal variant in a constitutionally small
fetus, especially when it is an isolated finding [12].

Recent studies have reported the association of short fe-
mur length in the second trimester and subsequent placen-
tal related conditions [13], such as PE, small for gestational
age (SGA), low birth weight, and preterm birth [14-21].

Here, we aim to determine the association of an iso-
lated short femur in the second trimester anomaly scan
with placenta-related adverse outcomes, such as the sub-
sequent development of PE, SGA, and preterm delivery.

Materials and Methods

Study Population and Clinical Measurements

This was a retrospective study including pregnant women un-
dergoing a routine fetal anatomy scan at 19-22 weeks of gestation
at the Virgen de la Arrixaca University Clinical Hospital (Murcia,
Spain) between August 2011 and August 2012. Maternal obstetric
characteristics, such as ethnicity, age, weight, parity, cigarette
smoking, and medical history including chronic hypertension and
diabetes mellitus were collected from our database (ViewPoint,
Webling, Germany). Gestational age was determined from the
measurement of fetal crown-rump length at 11-13 weeks [22].
Outcomes were recorded from labor ward and hospital notes. Ex-
clusion criteria were fetal malformations, aneuploidy, spontane-
ous fetal loss discovered during the second trimester ultrasound
scan, termination of pregnancy, and multiple pregnancy.

Ultrasound Examination

Routine anomaly and Doppler ultrasound examinations were
performed by obstetricians with more than 5 years of experience
and certified by the Fetal Medicine Foundation of London (www.
fetalmedicine.com) using ultrasound equipment (Voluson 730 Ex-
pert; GE Medical Systems, Austria). Fetal biometry was recorded

616 Fetal Diagn Ther 2020;47:615-623

DOI: 10.1159/000505779

Table 1. Comparison of the PE group and control group (non-PE)

Variables PE p value
no yes
(n=6,278) (n=88)
Age, years 30.8+5.5 31.8+6.6 0.1823
Ethnicity

Caucasian 6,188 (98.6) 88 (100)

Other 90 (1.43) 0 0.258
Conception

Spontaneous 6,050 (96.4) 83(94.3)

In vitro fertilization 228 (3.6) 5(5.7) 0.309
Previous hypertension 24 (0.4) 6 (6.8) <0.001
Smoking 934 (14.9) 6 (6.8) 0.034
Parity

Nulliparous 3,104 (49.4) 56 (63.6)

Para 1 2,275(36.2) 23 (26.1)

Para >2 899 (14.3) 9(10.2)  0.030
FL, mm 34.1£2.6 33.2+2.6 0.001
FL z-score 0.45+0.98 0.15%1.12 0.008
UtA-PI 1.01+0.3 1.30+0.5 <0.001
FL <5th centile 165 (2.6) 8(9.1) <0.001
AC <5th centile 119 (1.9) 1(1.1) 0 .600
GA at delivery, weeks 39.4+1.8 36.5+4.0 <0.001
Birth weight, g 3,311£521  2,591+970 <0.001
SGA

<10th centile 690 (11.0) 26 (29.6) <0.001

<5th centile 368 (5.9) 20 (22.7) <0.001

<3rd centile 230 (3.7) 20 (22.7) <0.001
Delivery

Vaginal 5,077 (80.9) 27 (31.0)

Elective cesarean section 520 (8.3) 14 (16.1)

Urgent cesarean section 677 (10.8) 46 (52.9) <0.001
Intrauterine death 51(0.8) 4 (4.6) <0.001

Data are expressed as mean + SD or n (%) as appropriate. PE,
preeclampsia; FL, femur length; UtA-PI, uterine artery pulsatility
index; AC, abdominal circumference; GA, gestational age; SGA,
small for gestational age. p < 0.05 by ¢ test or x* tests.

including measurements of fetal head circumference, abdominal
circumference, and femur diaphysis length (FDL). Fetal weight
was estimated from these measurements using the Hadlock for-
mulae [23]. FDL and abdominal circumference centiles were cal-
culated as described by Snijders and Nicolaides [24]. To adjust
FDL by gestational age at the time of the scan, z-score values were
calculated using the reference tables of the Institute of Child Health
of London according to Chitty et al. [25]. Uterine artery pulsatility
index (UtA-PI) was measured by transabdominal ultrasound as
previously described by Albaiges et al. [26] and the mean of the two
values was recorded. Isolated short femur was defined as femur
length below the 5th centile for gestational age in a fetus with more
than the 10th centile at the time of the ultrasound examination.

Outcomes
The primary outcome was PE. PE was defined as de novo hy-
pertension arising after 20 weeks of gestation, returning to normal
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Fig. 1. ROC curves for femur diaphysis length (mm) in the second trimester scan and presence of PE. a Logistic re-
gression model based on FDL and gestational age at scan. b Logistic regression model based on the combination of
FDL, gestational age at scan, parity, chronic hypertension, mean UtA-PI, maternal weight, and cigarette smoking.

in the postpartum, with proteinuria according to the criteria of the
International Society for the Study of Hypertension in Pregnancy
[27]. The secondary outcomes were: (1) SGA neonates, classified
according to birth weight below the 3rd, 5th, and 10th centile at
any gestational age [28], and (2) preterm birth (delivery before 37
weeks of gestation).

Statistical Analysis

Descriptive statistics are shown using raw data. Continuous
variables are summarized by arithmetic mean and standard devia-
tion, and categorical variables are shown as number and percent-
age. Normality of distribution was evaluated using the Kol-
mogorov-Smirnov test. Parametric and nonparametric data were
compared using the unpaired Student f test and Mann-Whitney U
test, respectively. The x* test was used for categorical variables.
Univariate logistic regression analysis was used to determine the
unadjusted odds ratios (ORs) of FDL (mm) for PE and SGA. Mul-
tiple logistic regression analysis was performed for variables with
statistically significant ORs in the univariate analysis to calculate
the adjusted ORs and determine the independent effect of FDL on
PE and SGA, incorporating maternal covariates including gesta-
tional age at scan, age, ethnicity, conception, parity, previous hy-
pertension, and cigarette smoking, and mean UtA-PI was mea-
sured by transabdominal Doppler ultrasound.

Additionally, receiver operating characteristic (ROC) analyses
were undertaken to evaluate the predictive accuracy of the adjust-
ed models. Analyses were performed with the statistical software
STATA 13.1 version (StataCorp LP, College Station, TX, USA). All
tests were two-tailed at 0.05 significance level.

Results

A total of 6,366 women between 19 and 22 weeks of
gestation were included in the study after excluding cases
with abnormal karyotype, mayor fetal abnormalities, or
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termination of pregnancy. Eighty-eight patients devel-
oped PE (1.4%). There were 690 women who delivered
SGA neonates below the 10th centile (11.2%), 368 below
the 5th centile (5.8%), and 230 (3.7%) below the 3rd cen-
tile, not associated with PE. Demographic details and ob-
stetric characteristics of patients with PE compared to
non-PE women are shown in Table 1. There were no dif-
ferences in maternal age, conception, or ethnicity be-
tween the PE group and the control group (non-PE).
Women who developed PE had more frequently previous
hypertension (p < 0.001), smoking status (p = 0.03), and
low parity (p = 0.03) than those who did not. Patients with
PE presented significantly higher UtA-PI (p <0.001) than
the control group. Additionally, gestational age and birth
weight at delivery were significantly lower in women with
PE than in the control group. The rate of urgent cesarean
section, intrauterine death, and SGA (below 10th, 5th,
and 3rd centile) were significantly higher in the PE group.
Furthermore, patients with PE presented significantly
shorter FDL (mm) and z-score FDL than women without
PE (p <0.001 and p = 0.008, respectively). FDL (mm), as-
sessed as a quantitative variable, was an independent pre-
dictor of PE in the univariate (OR = 0.87, 95% CI: 0.80-
0.94, p =0.001) and multivariate analysis (OR = 0.87,95%
CI: 0.77-0.99, p = 0.025). After multivariate analysis, the
best model to predict PE in our population included ges-
tational age at scan, parity (primiparous women), previ-
ous hypertension, mean UtA-PI, maternal weight, ciga-
rette smoking, and FDL at the routine scan at 19-22
weeks. ROC analysis shows good predictive capacity for
the model including all the covariates (AUC = 0.78, 95%
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Table 4. Logistic multivariate regression analysis for femur length and PE

Unadjusted Multivariate

OR (95% CI) p value OR (95% CI) p value
Femur diaphysis length 0.87 (0.80-0.94) 0.001 0.87 (0.77-0.99) 0.039
Gestational age at scan 0.58 (0.35-0.97) 0.037 0.80 (0.41-1.55) 0.514
Maternal weight 1.03 (1.02-1.05) <0.001 1.03 (1.01-1.05) <0.001
Previous hypertension 19.07 (7.59-47.88) <0.001 11.02 (3.03-40.1) <0.001
Primiparous 1.79 (1.16-2.77) 0.009 2.27 (1.28-4.01) 0.005
Mean UtA-PI 9.38 (5.36-16.41) <0.001 9.35 (5.04-17.4) <0.001
Smoking 0.42 (0.18-0.96) 0.04 0.43 (0.16-1.22) 0.116

PE, preeclampsia; UtA-PI, uterine artery pulsatility index.

Table 5. Logistic univariate and multivariate regression analysis for SGA below the 3rd centile not related with PE

Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value
Femur diaphysis length 0.84 (0.80-0.89) <0.001 0.79 (0.73-0.86) <0.001
Gestational age at scan 1.14 (0.87-1.51) 0.337 1.88 (1.31-2.70) 0.001
Primiparous 1.56 (1.21-2.08) 0.001 1.65 (1.19-2.28) 0.003
Mean UtA-PI 5.21(3.47-7.80) <0.001 5.02 (3.18-7.93) <0.001
Smoking 3.31 (2.50-4.38) <0.001 3.65 (2.41-4.55) <0.001
Maternal weight 0.98 (0.97-0.99) <0.001 0.98 (0.96-0.99) 0.007

SGA, small for gestational age; PE, preeclampsia; UtA-PI, uterine artery pulsatility index.

CI: 0.71-0.84; sensitivity = 0.58 and specificity = 0.86)
(Fig. 1b). The Hosmer-Lemeshow test confirmed the
goodness-of-fit of the model (p = 0.909). Figure 1a repre-
sents the model which includes only isolated FDL and
gestational age at the time of the scan (AUC = 0.62, 95%
CI: 0.56-0.68; sensitivity = 0.61 and specificity = 0.62).
From the 88 patients who developed PE, 19 cases (21.6%)
were early-onset PE (PE requiring delivery before 34 + 0
weeks of gestation). In these patients, FDL and FDL z-
score were significantly lower than in the control group
(FDL: early-onset PE: 32.7 + 2.4 mm vs. non-PE: 34.1 +
2.6 mm, p = 0.02; FDL z-scores: early—onset PE: 0.00076 =
1.08 vs. non-PE: 0.45 + 0.98, p = 0.05). However, after
multivariate analysis including potential covariates, this
difference did not achieve statistical significance to pre-
dict PE before 34 weeks, probably due to the small num-
ber of cases.

Regarding to SGA neonates, there were significant dif-
ferences in parity, mean UtA-PI, FDL (mm), FDL z-score,
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and FDL <5th centile between the control group and all
SGA groups (below the 3rd, 5th, and 10th centile) as
shown in Table 2.

In the preterm birth group (Table 3), there were no
differences in FDL (mm) and FDL z-scores or in FDL
<5th centile compared with the control group. Significant
differences were found in mean UtA-PI between the con-
trol group and all preterm birth groups (delivery before
32, 34, and 37 weeks).

Univariate analysis revealed that the presence of iso-
lated short femur was associated with a significantly in-
creased risk for SGA below the 10th, 5th and 3rd centiles
but not for preterm birth. The presence of an isolated
short femur continued to be a risk factor for these condi-
tions in the multiple logistic analysis (Table 4). Adjusted
ORs for SGA below the 10th, 5th, and 3rd centile of FDL
in the multivariate analysis were 0.88, 0.85, and 0.85, re-
spectively (p < 0.0001) (results for the 3rd centile are
shown in Table 5).
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Discussion

This study was carried out in an unselected popula-
tion of pregnant women undergoing a routine anoma-
ly scan in the second trimester of pregnancy. Herein,
we report that an isolated short femur is associated with
a subsequent increased risk of PE and SGA in pregnan-
cy. However, no association with preterm birth was
found.

Over the last 10 years, some other authors have re-
ported an association between a short femur and many
adverse perinatal outcomes. For instance, Weisz et al.
[17] reported an OR of 3.0 (95% CI: 1.5-5.9) for fetal
growth restriction and femur below the 5th centile.
However, their data were obtained from a high-risk
population including fetuses with abnormalities. Simi-
larly, Vermeer and Bekker [14] reported that 43% of
their population developed SGA, but the patients were
all referred for the finding of a short femur. Here, we
add evidence that the risk of developing SGA when a
short femur is found is still persistent in a nonselected
population. These results are also in agreement with
those of a similar cohort in a tertiary referral center [21]
and with a recent meta-analysis that confirmed a sig-
nificant association between isolated short femur length
and intrauterine growth restriction or SGA and poor
perinatal outcome [29].

Regarding preterm birth, we did not find an associa-
tion between short femur and preterm birth as previous-
ly described by some authors [16, 17]. However, Gaillard
et al. [30] have reported in a large cohort study that fetal
growth characteristics (including femur length) during
the three trimesters of pregnancy (especially the third)
were associated with the risk of preterm birth. Other au-
thors have also reported a slow growth velocity of fetal
femur and an increased risk of spontaneous preterm birth
[31]. These discrepancies could be due to the different
mechanisms that determine preterm birth and placental
insufficiency. More studies are needed in this area to de-
termine an actual association between preterm birth and
fetal growth and the potential mechanisms involved
therein.

Regarding PE, not many authors have evaluated the
association between FDL and PE. Papageorghiou et al.
[15] and Todros et al. [32] observed a mild association
between a short femur and PE. However, both studies
included a small sample of patients. Aviram et al. [20],
in a retrospective study, reported a significant associa-
tion of short femur with severe PE but not mild PE. Oth-
er authors have failed in reporting an association with
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PE [16, 18]. In our nonselected population, we found
after multivariate analysis that the shorter the femur, the
higher the risk for developing PE (OR = 0.87, 95% CI:
0.77-0.99).

The mechanism involved in shortening of the femur
might be related to the altered placentation and a subse-
quent abnormal secretion of placental fetal growth factor
FGF-2, which is known as a main regulator of the longi-
tudinal growth of bones [33]. Similarly, pregnancy-asso-
ciated plasma protein-A (PAPP-A) has a role in the regu-
lation of osteoblast proliferation and bone metabolism,
by enhancing insulin growth factor bioavailability, and
interestingly is found to be decreased in a fetus with short
femur [34, 35]. Another mechanism involves intrauterine
chronic hypoxia and a subsequent brain-sparing effect
with decreased blood flow to the lower body [13]. There-
fore, it is possible that short femur is linked to PE by these
common mechanisms.

It should be noted that the femur length can be very
variable according to the ethnic group. As reported
previously, fetuses of Asian women can have shorter
femur length than those of non-Asian woman. Simi-
larly, black women can have fetuses with a longer femur
compared to white women [36]. However, these ethnic
differences were not confirmed by other studies [12].
In this study, the majority of women were Caucasian,
and therefore we were unable to examine these poten-
tial confounding variables. In addition, maternal and
paternal height could play a role in fetal size and femur
length [37].

The main strength of our study is the screening pop-
ulation from which adverse pregnancy outcomes were
examined. We acknowledge some limitations of our
study, such as the retrospective design and failure to
distinguish between mild and severe PE. In addition, it
should be taken into account that the absolute shift in
femur length found here is relatively small and could
potentially be compromised by an error in measure-
ment.

In summary, an isolated short FDL is associated with
placental-related complications including SGA and PE.
Moreover, short FDL may be an early first sign of placen-
tal dysfunction and warrants increased antenatal surveil-
lance of fetal growth with closer sonographic follow-up
and frequent blood pressure measurements. Further
studies are needed to develop accurate counseling and
management of these patients.
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