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Introduction 
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Symphysis-fundal height or fundal height (FH) measurement in centimeters (cm) has been a 

routine practice in antenatal care units for ages1, 2 because it comprises a simple, safe, easy and 

costless method3, 4 with the purposes of evaluating fetal growth and abnormal screening such 

as intrauterine growth restriction (IUGR), small for gestational age (SGA) fetus, and large for 

gestational age (LGA) fetus.4-9 Moreover, fundal height can manifest approximate fetal size and 

weight6, 7 and evaluate any abnormal findings such as oligohydramnios, polyhydramnios, twins 

as well as tumor in uterus.10 Normally, abnormal findings are determined by comparing the 

actual measured fundal height with normal baseline of specific gestational age (GA) and 

observing the variability of the fundal height pattern. When fundal height is lower than the 

lower boundary from normal baseline such as -1SD,-2SD, 5th percentile, 10th percentile or the 

pattern of fundal height tends to decrease, become stable or increase lower than normal 

baseline. These may indicate SGA fetus8, 11, 12 or IUGR fetus, which may lead to low birth weight 

(LBW) infants and birth weight less than 2,500 g. On the other hand, when fundal height is 

higher than normal baseline, it may indicate LGA fetus.8, 13 Therefore, when healthcare 

providers can detect these abnormal findings early, they will be able to provide care for the 

pregnancy effectively and decrease morbidity and mortality in both mother and fetus. 

Ultrasound (US) can detect abnormal conditions better than FH measurement.13-15 

However, in antenatal care units especially at primary level in developing countries, US is not 

fully available due to high cost and only doctors or obstetricians can use this machine.4 

Therefore, FH measurement is still used to detect any abnormal conditions.9 The West 

Midlands Perinatal Institute (WMPI)’s study16 showed that FH measurement was useful to 

screen abnormal fetal growth especially SGA fetus, which becomes more accurate when the 

examiner measures fundal height with correct technique, plots FH in centimeters on 

customized growth charts adjusted for normal curve by maternal weight, height, parity, and 

ethnic group4, 16, 17 and provides clear guidelines based on WMPI, British Royal College of 

Obstetricians and Gynecologists (RCOG)’s suggestions.18 Thus, these techniques are 

recommended to be performed in every antenatal care visit starting from 24 weeks of 

gestation. In addition, they were added to the RCOG’s guidelines since 2002 until present.18, 19 

Therefore, fundal height measurement is now used to detect any abnormal fetal growth early 

in both developed and developing countries. Furthermore, from reviewing Cochrane’s study, 

still no evidence exists that can be used to currently convince changing any part of the fundal 

height measurement method.9 

Nevertheless, systemic reviews and meta-analyses regarding the ability of fundal height 

to detect the IUGR, SGA and LGA fetus have revealed a difference in sensitivity from 17% to 

86%.8, 20 These might have been caused by differences in GA calculation, measurement 

method, IUGR, SGA, and LGA diagnostic guideline, and cutoff point of abnormal fundal 

height.20 
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Therefore, many studies have recommended how to improve the ability of fundal height 

measurement method to detect abnormal intrauterine growth by the guidelines described 

below.2, 4, 11, 21-23 

1. Create devices that suit the particular characteristics of each population and people 

when standard norm used by the normal population is not applicable.  

2. Plot FH in centimeters on suitable standard FH growth curves in every antenatal care 

visit and frequently standardize fundal height measurement method. 

3.  Investigate proper guidelines to screen any abnormal conditions in specific 

populations. 

Establishing a local FH growth curve is appropriate for monitoring and screening local 

populations in their own settings1, 24-26 because FH can be changed according to ethnicity, 

culture, socioeconomics and nutrition.2, 26-28 

In Thailand, healthcare providers also use fundal height measurement as a routine 

practice in antenatal care units. The guidelines are fundal height in centimeters equals GA in 

week ±2. However, fundal height growth curve is not frequently used as a screening tool 

because US is widely used among antenatal care units in Thailand. The study of FH growth 

curves in the past were based on their own settings.29, 30 These might be due to varieties of 

subjects, GA calculation method and measurement method. In addition, most studies were 

conducted by university hospitals leading to some limitations when using in community and 

local hospitals, where pregnant women have middle to poor economic status. Their fundal 

height growth curve varies. Moreover, the GA that has been used to create the FH growth 

curve was based on GA calculated using the first day of the last menstrual period (LMP). After 

US became more prominent in antenatal care units, US was used to calculate GA. Apparently, 

reliable and accurate GA calculation used in community and local hospitals has 2 perspectives: 

1) GA calculated by the first day of LMP is confirmed by US and 2) GA calculated by US when 

GA by LMP is unreliable. Hence, to establish a fundal height growth curve that is proper for a 

specific population in a specific region is necessary to monitor and screen abnormal 

intrauterine growth.2, 8, 26 

Pregnant women who had the same local settings also shared other factors that affected 

fundus height, i.e., maternal height, weight, body mass index (BMI), parity, and sex of fetus4, 27, 

30-33 when the body structure of pregnant women (obese-thin) was the most influential factor 

in causing the variety of fundal height growth curve patterns. The studies showed that FH of 

high BMI pregnant women was 2 cm higher than the FH of pregnant women who are thin or 

low BMI.27, 30 Therefore, to use a regular fundal height growth curve based on a normal 

population for monitoring and screening abnormal intrauterine growth in these specific 

population may lead to over or under investigation and/or intervention. Some studies have 

derived FH growth curve for each of these populations.27, 30 In Thailand, one study separated 

FH growth curves following pre-pregnant BMI and divided BMI in 3 groups: less than 20, 20-24, 

and more than 24 kg/m2 and calculated GA using only US.30 These practicums were not used as 

routine antenatal care in community and local hospitals where they divided BMI following the 
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World Health Organization (WHO) criteria: less than 18.5, 18.5-24.9, 25.0-29.9, and more than 

or equal to 30.0 kg/m2.34 Therefore, there should be FH growth curves for each of the BMI 

categories to use in antenatal care units to be able to use properly and increase effectiveness 

of screening for any population that differs from a normal population.   

Lastly, the study aimed to find proper guidelines to screen and detect abnormal 

intrauterine growth of fetus especially SGA or IUGR, which may lead to LBW infant. Related 

studies have reported that ability to detect SGA or IUGR will increase when examiners plot FH 

in centimeters on FH growth curve in every antenatal care visit8 because fundal height changes 

dynamically depending on intrauterine cavity passenger, i.e., the fetus, placenta and amniotic 

fluid and other factors when fetal size is the most important factor influencing the change of 

fundal height.7, 35 Therefore, plotting serial of fundal height measurement results on standard 

FH growth curve simulates monitoring fetal growth compared with normal baseline for the 

whole pregnancy period and indicates the approximate intrauterine growth of the fetus.4, 17 

A majority of studies normally focus on finding normal values of FH for each gestational 

week, FH growth curve for a population in a specific region.2, 27, 28, 30 However, still no study has 

focused on describing the change of FH growth curve patterns to be able to use as guidelines 

to detect and screen abnormal fetal growth. Thus, to study characteristics of FH growth curve 

patterns for pregnant women with term LBW compared with standard FH growth curve could 

possibly be used as proper screening for term LBW. This is because term LBW infants are still 

an important problem for maternal and child health care system in developing countries 

including Thailand. In 2010, the prevalence of term LBW infants in 138 countries with middle 

to low income were 8.8% (10.6 out of 120.5 million of total births) and majority of these 

infants were in Asia.36 Thailand shows a prevalence of LBW infants at 16.0%, preterm LBW, 

7.0%, and term LBW, 9.0%.37 Most term LBW infants comprise the term SGA fetus, which may 

affect the mother and fetus for the whole period of pregnancy until postpartum including 

perinatal morbidity and mortality such as perinatal asphyxia, meconium aspiration syndrome, 

hypothermia, hypoglycemia and polycythemia.38, 39 Moreover, these will increase risk for long 

term morbidity including poor mental and psychomotor development, coronary heart disease, 

type 2 diabetes,39, 40 hypertension and stroke in adulthood.41 Therefore, when healthcare 

providers can detect and screen pregnant women, who are prone to have term LBW early 

during the antenatal period so they will be able to plan and provide care effectively to prevent 

these long term effects. 

Scope of the thesis 

Research questions in this thesis were carried out from the routine antenatal care practice of 

two provincial hospitals and two regional hospitals in upper northern Thailand under the 

supervision of the Thai Ministry Public Health with similar guidelines for antenatal care 

practice.  
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1. Fundal height growth curve for Thai women 

This study demonstrated that each population should have its own fundal height 

growth curve and demographically specific fundal height growth curve to use in 

screening abnormal intrauterine growth such as fundal height, which is influenced by 

ethnicity, socioeconomics and nutritional status. 

 

2. Fundal height growth curve for underweight and overweight and 

obese pregnant women in Thai populations 

This study demonstrated that FH growth curves of the underweight and 

overweight and obese pregnant women differed from those of normal weight. In 

monitoring or screening for abnormal intrauterine growth in thin or obese women, FH 

growth curves specifically developed for such women should be applied to reduce the 

over- or under-investigation and/or -intervention as a consequence of the inappropriate 

application of the FH growth curve for normal weight women. 

 

3. Fundal height growth curve patterns of pregnant women with 

term LBW infants 

This study demonstrated that the patterns of fundal height growth curves 

observed among pregnant women with term LBW infants may be used to recognize 

women who were likely to deliver term LBW infants from early pregnancy to the day of 

admission for labor. Such screening may detect future term LBW infants at 80%. Thus, it 

might be used as guidelines or a simple tool to monitor and screen for term LBW infants, 

from early pregnancy. Detected cases may be intervened to reduce complications that 

may arise from term LBW infants. 

 

 

 

 

  



 

6 | fundal height measurements 

References 

1. Westin B. Gravidogram and fetal growth: comparison with biochemical supervision. Acta Obstet 
Gynecol Scand. 1977;56(4):273-82. 

2. Pay AS, Froen JF, Staff AC, Jacobsson B, Gjessing HK. A new population-based reference curve for 
symphysis-fundus height. Acta Obstet Gynecol Scand. 2013;92(8):925-33. 

3. Neilson JP. Symphysis-fundal height measurement in pregnancy. Cochrane Database Syst Rev. 
2009(1):CD000944. 

4. Morse K, Williams A, Gardosi J. Fetal growth screening by fundal height measurement. Best Pract 
Res Clin Obstet Gynaecol. 2009;23(6):809-18. 

5. Belizan JM, Villar J, Nardin JC, Malamud J, De Vicurna LS. Diagnosis of intrauterine growth 
retardation by a simple clinical method: measurement of uterine height. Am J Obstet Gynecol. 
1978;131(6):643-6. 

6. Persson B, Stangenberg M, Lunell NO, Brodin U, Holmberg NG, Vaclavinkova V. Prediction of size of 
infants at birth by measurement of symphysis fundus height. Br J Obstet Gynaecol. 1986;93(3):206-
11. 

7. Mongelli M, Gardosi J. Estimation of fetal weight by symphysis–fundus height measurement. Int J 
Gynecol Obstet. 2004;85(1):50-1. 

8. Freire DM, Cecatti JG, Paiva CS. Symphysis-fundal height curve in the diagnosis of fetal growth 
deviations. Rev Saude Publica. 2010;44(6):1031-8. 

9. Robert Peter J, Ho JJ, Valliapan J, Sivasangari S. Symphysial fundal height (SFH) measurement in 
pregnancy for detecting abnormal fetal growth. Cochrane Database Syst Rev. 2012(7):CD008136. 

10. Fraser D, Cooper MA, Myles MF. Myles' Textbook for Midwives. 15th ed. Beijing, China: Churchill 
Livingstone Elsevier Health Sciences; 2009. 

11. Roex A, Nikpoor P, van Eerd E, Hodyl N, Dekker G. Serial plotting on customised fundal height charts 
results in doubling of the antenatal detection of small for gestational age fetuses in nulliparous 
women. Aust N Z J Obstet Gynaecol. 2012;52(1):78-82. 

12. Pay AS, Wiik J, Backe B, Jacobsson B, Strandell A, Klovning A. Symphysis-fundus height measurement 
to predict small-for-gestational-age status at birth: a systematic review. BMC Pregnancy Childbirth. 
2015;15:22. 

13. De Reu PA, Smits LJ, Oosterbaan HP, Nijhuis JG. Value of a single early third trimester fetal biometry 
for the prediction of birth weight deviations in a low risk population. J Perinat Med. 2008;36(4):324-
9. 

14. Kayem G, Grange G, Breart G, Goffinet F. Comparison of fundal height measurement and 
sonographically measured fetal abdominal circumference in the prediction of high and low birth 
weight at term. Ultrasound Obstet Gynecol. 2009;34(5):566-71. 

15. Kiserud T, Johnsen SL. Biometric assessment. Best Pract Res Clin Obstet Gynaecol. 2009;23(6):819-
31. 

16. Gardosi J, Francis A. Customised Antenatal Growth Chart - GROW-Chart v7.6: Gestation Network; 
2009. Available from: www.gestation.net. 

17. Wright J, Morse K, Kady S, Francis A. Audit of fundal height measurements plotted on customised 
growth charts. MIDIRS. 2006;16(3):341-5. 

18. Royal College of Obstetricians and Gynaecologists. The investigation and management of the small-
for-gestational-age fetus (Guideline no. 31) London: RCOG; 2002. 

19. Royal College of Obstetricians and Gynaecologists. The investigation and management of the small-
for-gestational-age fetus (Green-top Guideline No. 31). 2nd ed. London: RCOG; 2013. 



 

Jirawan Deeluea | 7 

20. Goto E. Prediction of low birthweight and small for gestational age from symphysis-fundal height 
mainly in developing countries: a meta-analysis. J Epidemiol Community Health. 2013;67(12):999. 

21. Gardosi J, Francis A. Controlled trial of fundal height measurement plotted on customised antenatal 
growth charts. Br J Obstet Gynaecol. 1999;106(4):309-17. 

22. Figueras F, Gardosi J. Intrauterine growth restriction: new concepts in antenatal surveillance, 
diagnosis, and management. Am J Obstet Gynecol. 2011;204(4):288-300. 

23. Gardosi J. Customised assessment of fetal growth potential: implications for perinatal care. Arch Dis 
Child Fetal Neonatal Ed. 2012;97(5):F314-7. 

24. Mathai M, Jairaj P, Muthurathnam S. Screening for light-for-gestational age infants: a comparison of 
three simple measurements. BJOG. 1987;94(3):217-21. 

25. Grover V, Usha R, Kalra S, Sachdeva S. Altered fetal growth: antenatal diagnosis by symphysis-fundal 
height in India and comparison with western charts. Int J Gynaecol Obstet. 1991;35(3):231-4. 

26. Walraven GE, Mkanje RJ, van Dongen PW, van Roosmalen J, Dolmans WM. The development of a 
local symphysis-fundal height chart in a rural area of Tanzania. Eur J Obstet Gynecol Reprod Biol. 
1995;60(2):149-52. 

27. Challis K, Osman NB, Nystrom L, Nordahl G, Bergstrom S. Symphysis-fundal height growth chart of an 
obstetric cohort of 817 Mozambican women with ultrasound-dated singleton pregnancies. Trop 
Med Int Health. 2002;7(8):678-84. 

28. Mador ES, Pam SD, Pam IC, Mutihir JT, Adoga GI, Ogunranti JO. Symphysio-fundal height nomogram 
in ultrasound dated pregnancies. AJMS. 2010;1(2):64-7. 

29. Linasmita V, Sugkraroek P. Normal uterine growth curve by measurement of symphysial-fundal 
height in pregnant women seen at Ramathibodi Hospital. J Med Assoc Thai. 1984;67 Suppl 2:22-6. 

30. Limpanyalert P, Manotaya S. Standard curve of symphysial-fundal height measurement and 
pregnancy characteristics in pregnant women at King Chulalongkorn Memorial hospital. Thai J 
Obstet Gynaecol. 2001;13 (4):197-206. 

31. Mongelli M, Gardosi J. Symphysis-fundus height and pregnancy characteristics in ultrasound-dated 
pregnancies. Obstet Gynecol. 1999;94(4):591-4. 

32. Steingrimsdottir T, Cnattingius S, Lindmark G. Symphysis-fundus height: construction of a new 
Swedish reference curve, based on ultrasonically dated pregnancies. Acta Obstet Gynecol Scand. 
1995;74(5):346-51. 

33. Buhmann L, Elder WG, Hendricks B, Rahn K. A comparison of Caucasian and Southeast Asian Hmong 
uterine fundal height during pregnancy. Acta Obstet Gynecol Scand. 1998;77(5):521-6. 

34. World Health Organization. Global database on body mass index: BMI classification 2010 [cited 2010 
November 28 ]. Available from: http://apps.who.int/bmi/index.jsp?introPage=intro_3.html. 

35. van Bogaert LJ. Customised gravidogram and fetal growth chart in a South African population. Int J 
Gynaecol Obstet. 1999;66(2):129-36. 

36. Lee ACC, Katz J, Blencowe H, Cousens S, Kozuki N, Vogel JP, Adair L, Baqui AH, Bhutta ZA, Caulfield 
LE, Christian P, Clarke SE, Ezzati M, Fawzi W, Gonzalez R, Huybregts L, Kariuki S, Kolsteren P, Lusingu 
J, Marchant T, Merialdi M, Mongkolchati A, Mullany LC, Ndirangu J, Newell M-L, Nien JK, Osrin D, 
Roberfroid D, Rosen HE, Sania A, Silveira MF, Tielsch J, Vaidya A, Willey BA, Lawn JE, Black RE. 
National and regional estimates of term and preterm babies born small for gestational age in 138 
low-income and middle-income countries in 2010. Lancet Glob Health. 2013;1(1):e26-e36. 

37. Barros FC, Barros AJ, Villar J, Matijasevich A, Domingues MR, Victora CG. How many low birthweight 
babies in low- and middle-income countries are preterm? Rev Saude Publica. 2011;45(3):607-16. 

38. Cunningham FG, Leveno KJ, Bloom SL, Hauth JC, Rouse DJ, Spong CY, editors. Williams obstetrics 
[Internet]. 23rd ed. New York: The McGraw-Hill Companies; 2010. 

39. Doctor BA, O'Riordan MA, Kirchner HL, Shah D, Hack M. Perinatal correlates and neonatal outcomes 
of small for gestational age infants born at term gestation. Am J Obstet Gynecol. 2001;185(3):652-9. 



 

8 | fundal height measurements 

40. Figueras F, Oros D, Cruz-Martinez R, Padilla N, Hernandez-Andrade E, Botet F, Costas-Moragas C, 
Gratacos E. Neurobehavior in term, small-for-gestational age infants with normal placental function. 
Pediatrics. 2009;124(5):e934-41. 

41. Barker DJ. The developmental origins of chronic adult disease. Acta Paediatr Suppl. 2004;93(446):26-
33. 

 

 


