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Anatomical Variation and Measurement Limitations of
Umbilical-Level Waist Circumference: A Narrative Review of
Morphometric Evidence

Hyun Tae OK!

1Anatomy, Medical School, Chungbuk National University

Abstract : The umbilicus is a convenient surface landmark for waist circumference measurement, but it is a soft-
tissue scar rather than a fixed skeletal landmark. This focused narrative review examined whether anatomical
evidence supports automatic interchangeability between umbilical-level measurements and protocols based on
palpable bony landmarks. PubMed was searched through July 31, 2026, supplemented by citation tracking and
Korean Citation Index searches. Evidence was classified as direct measurement evidence, direct anatomical evidence,
or contextual evidence. Studies comparing waist sites directly show that absolute values and obesity classification
may vary by site despite high within-site reliability. Morphometric studies show interindividual variation in umbilical
position and nonuniform associations with body mass index, age, sex, population, posture, and abdominal-wall
state. However, no identified study directly tested, in the same participants, whether individual displacement of
the umbilicus predicts the difference between umbilical-level and bony-landmark waist measurements. Therefore,
anatomical variation should be interpreted as a comparability concern and a testable mechanism, not as proof of a
causal measurement error or universal invalidity. Previous reviews addressed either aesthetic umbilical reconstruction
or the predictive performance of waist sites; the present review instead links surface anatomy to measurement
interpretation and provides a source-mapped preliminary reporting checklist. Evidence is sufficient to reject
automatic interchangeability among protocols but insufficient to declare umbilical-level measurement universally
invalid. Prospective standing-position studies that measure both umbilical location and multiple waist levels are

required.
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Table 1. Representative morphometric evidence on variation in umbilical position

Main finding Major limitation

Study Population Posture and landmarks
Ambardar et al., 2009 259 adults Supine; trunk midpoint
and umbilicus
Delpierre et al., 2012 70 adults Bony projections and

umbilicus

Parnia et al., 2012 65 Iranian women

Dudukovié et al., 2015 144 Croatian adults

Anyanwu et al., 2022 125 young

Nigerian adults

Fofung et al., 2025 411 Kenyan adults

ratio

Supine; xiphoid and
pubic symphysis

Anterior abdominal
bony landmarks

Supine; xiphoid,
pubis, iliac crest, ASIS

Xiphoid-umbilicus

Umbilicus shifted
caudally with
increasing BMI

Clinical,
cross-sectional sample

Small cross-sectional
sample

Lower relative
position associated
with BMI and age

Population-specific
positional equation

Women only

Sex-specific prediction Limited
models required cross-population
transfer

XU/XP 68.16%:;
72% at midline

Narrow age range

Sex and BMI
independently
modified ratio

Cross-sectional
population sample
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Morphometric evidence
-——»

Variable umbilical position

Untested link

Within-person prediction

Measurement evidence
———»

Site-dependent values

Permissible conclusion

No automatic interchangeability

Fig. 1. Evidence model for interpreting umbilical-level waist circumference. Morphometric and measurement evidence jointly support
avoiding automatic interchangeability across measurement protocols. Dashed arrows indicate that the within-participant association be-
tween individual umbilical position and site-dependent waist values has not been directly tested.

Table 2. Evidence directness and permissible inference

Evidence question Evidence tier

Supported inference Inference not supported

Do waist values vary by site?

Is the umbilicus fixed to bony landmarks? Direct anatomical

Can wall state change umbilical distances? Contextual surgical

Can protocols be interchanged? Integrated inference

Direct measurement

Absolute values and
classification may differ
despite repeatability

All sites are clinically
nonequivalent in
every population

Relative position varies
among individuals and
study populations

Variation necessarily causes
a predictable waist bias

Mechanical state may alter
umbilicus-related distances

Operative changes equal
standing population variation

Umbilical-level measurement
is universally invalid

Automatic interchangeability
is unsupported
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Table 3. Preliminary reporting items and source mapping for umbilical-level waist circumference measurement

Reporting item

Minimum information to report

Evidence domain

Supporting sources

Definition of
the umbilical
landmark

Relation to
a bony landmark

Body position
and preparation

Respiratory phase
and tape placement

Repeated
measurements
and final value

Examiner training
and reliability

Participant
characteristics
potentially relevant
to umbilical position

Compatibility of
the obesity cutoff with
the measurement site

State whether the tape passes through
the center, upper border, or lower border
of the umbilicus.

Record the positional relation of

the umbilicus to at least one palpable
landmark: xiphoid process, lowest rib,
superior border of the iliac crest, or ASIS.

Report standing or supine position,
foot spacing, arm position, and how
the abdominal region was exposed.

Report the respiratory phase (e.g., end of
normal expiration), the method used to
confirm horizontal alignment, and control
of tape tension without tissue compression.

Specify the number of measurements,
the allowable difference between repeats,
and the rule used to derive the final value.

Report the number of examiners, training
procedures, and the method used to assess
intra- or interexaminer reliability.

Report sex, age, BMI, abdominal surgical
history, and parity when applicable.

State whether the abdominal-obesity
cutoff applied in the study was validated
for the same waist measurement site.

Author-derived operational
recommendation based on
anatomical variability

Direct anatomical evidence

Anatomical and
contextual evidence

Direct measurement
evidence and
protocol guidance

Direct measurement and
reliability evidence

Direct measurement and
reliability evidence

Direct anatomical and
contextual evidence

Direct measurement
evidence and
integrated inference

[5-13,18-20]

[6-13,18-20]

[1,4,6-13,17-20,22]

[1-4,14,24]

[1,34,14,24]

[1,34,14,24]

[6-13,17-20,22]

[1-4,15,16,21,24]

Abbreviations: ASIS, anterior superior iliac spine; BMI, body mass index. The proposed items are preliminary reporting recommendations and should not be
interpreted as a validated consensus standard.

7Ho]1,]- 2891E a7 ARLElE o2 Holl & 4] )

z 9 WRAAY FA9 BAS © AEHon A5

& azur.

rr

7E FAL B WHS @7

2% A BagEe AT,
£ 3] si4e vigo] sety EA7} ohetn Wy

AR 28 Hol7t et

Joseph 5[23]2 ERAF e AAsolA oA viFS

BEE pe7|HE HEIAT 3=

_Il)l'

why Aol

A
S THEA LT Shi 5241 FAIT B7HE Sl
selEd 2458 AAHoE AEPAT WE W )
27 Aole] FeAZ Wo] W BaAE F4 AROE 4

A okt & 1FE o] &

AL APl A% 948

SHe B3 obd A7k BEE ShAS FHESHITHTable
2). TS Ui o] ZHL AHER TN B4 A
HE TFs A BEE 4 YRS 7 9B BY 24E o

of

SH Aol ohith MjFe HHT Euseky TR0l ¢
ApelA] 4170 BQ13 4 Qlck. Thet WE-e mche] 245 o]
QA oba AW AREA Aehe] GRS W] o] mE
Aol 5U% e Uehis 71280z 4]
ot} oleigt FHE AUARTHOR Fasitt AAA
Zgkols BB Aol ohet APATL e 71 2H
3} 27770ke] Afo|= w7 whEtolct,

i e A7) ARt Tlgees Bhoz
BEigon, shziee Ao Bt ARE A Ex 54

A7ATE tho sheick. v sleEE AT oAl A
ARA|eA] ALk, wheta] S AolA] AN HhE 914
AL QAR B 240l AW 485 Ao E
6] Aol o) shle] 257} A4 % . £ A1

>

2

T b E4H AU, B4 B 9452 9
& 288 BAH %e A7 B £ 28E 9 1



A dlolEio] Aok AL8FAE o] §3 AL Tl B 2¥
Hap 29 e sRs Aol qlon 3 avEs|E Ak
SHA eglh 52 3 WhE 59 59 Ao] A 24
AP AWEAIS0] ape] EatakA] QgkeH17). o]
A} W 9139 BaAYe] 24T wet et
4 A54E Bolzth 20264 W AAAS AFAE 7]
2 AF 25710k hF Aol AT L ukET £ 19 Aol
AARIZE o131 WS22). of Aok el 1A
Y7 g B A dFE 2 4 9ee A Bzt
ot 17 Ak BE SeAgeld Bgons 4 A
o4 AT Auk Q170 sjeEee] 2 28 5 gl
i FeAST seEe 24ete 2AS WA dEst
R %@,‘d 2L 92 4 Yok E 9x9 A

317 ahe] 421 571 of

fr ot m{w =)

et oﬂwa w2
O B R
Fol8 ST WA 5 gick. Tk 2 tKtel AN
il 910 woleh S9N leiEd Kol2 B AF
3 A7t glong WiE 91X Wolrt sjeEd Kolo] 24
ololeha e 4 glck & 2o] AT BIEE
Hro|nz o5 AR} Golot st dvt Basich.
3 97 AL R 4 AAleh vkt AHAolA HE
3 JREAY 9% BAS ST, A, A4 % ug
2ol W2 24 1 ANES AFok B B 2 1
e AT RN WF ol Aol AEEAL B3
Bl Buss Neg Pasieha eoleh tekA g 2
A7k ekt A% WAL FEO HHE GAAT
A Ehlsfok gt

M
Hu

e 02 G G 5 gl S 399
AFEE 4= Sl Tt kg ool A

dﬂlaﬂﬂﬂ NE 2o goleka 2 2 2aeAl o
u}. whe W E A7} Algnie Tkl ol g WiE &
ol A s2EdE 2R Wy AV AREYTD
B ARIAE gek kA iE kol SelSHE A
ol EX17h Bae Hee 91X, W )2 wEe B
A, ZAAA, 24, e 2 72, 247 L R =
4,321 M3 Augtol AFE ZHRIS Bus) By
sfok Sk T WIF o] ST T2 Ao 2t
HlZBIZG AR uHpo] ALgSEE 2 tARelA £
He Hgsto] YANEES WA Flsjof Tt B 10| A3t

B 0| sl2l=al 53 209

3 BgEe oby golsl Exo] ohich 3%

35 Al AAlA
i AR o2 ol dﬂlg”ﬂﬂ 22

ZSANA FAl

=] T
o 25H A AT} 4R AR FIS B3 o]
22 AZsHok gk

REFERENCES

—_

. World Health Organization. Waist circumference and waist-
hip ratio: report of a WHO expert consultation. Geneva:
World Health Organization; 2011.
2.Ross R, Neeland 1J, Yamashita S, Shai I, Seidell J, Magni P,

et al. Waist circumference as a vital sign in clinical practice:
a Consensus Statement from the IAS and ICCR Working
Group on Visceral Obesity. Nat Rev Endocrinol. 2020;16:
177-89. https://doi.org/10.1038/s41574-019-0310-7
3.Mason C, Katzmarzyk PT. Variability in waist circumference
measurements according to anatomic measurement site.
Obesity (Silver Spring). 2009;17:1789-95. https://doi.org/
10.1038/0by.2009.87
4. National Heart, Lung, and Blood Institute. The practical guide:
identification, evaluation, and treatment of overweight and
obesity in adults. Bethesda: National Institutes of Health;
2000.
5.Hegazy AA. Anatomy and embryology of umbilicus in
newborns: a review and clinical correlations. Front Med.
2016;10:271-7. https://doi.org/10.1007/s11684-016-0457-8
6. Ambardar S, Cabot J, Cekic V, Baxter K, Arnell TD, Forde
KA, et al. Abdominal wall dimensions and umbilical position
vary widely with BMI and should be taken into account when
choosing port locations. Surg Endosc. 2009;23:1995-2000.
https://doi.org/10.1007/s00464-008-9965-1
7. Delpierre V, Coquerel-Beghin D, Aktouf A, Auquit-Auckbur I,
Milliez PY. Biometric and morphometric analysis of the um-
bilicus: about 70 cases. Ann Chir Plast Esthet. 2012;57:575-
9. https://doi.org/10.1016/j.anplas.2011.10.006
8. Abhyankar SV, Rajguru AG, Patil PA. Anatomical localiza-
tion of the umbilicus: an Indian study. Plast Reconstr Surg.
2006;117:1153-7. https://doi.org/10.1097/01.prs.0000204793.
7078742
9. Parnia R, Ghorbani L, Sepehrvand N, Hatami S, Bazargan-
Hejazi S. Determining anatomical position of the umbilicus in
Iranian girls, and providing quantitative indices and formula to
determine neo-umbilicus during abdominoplasty. Indian J
Plast Surg. 2012;45:94-6. https://doi.org/10.4103/0970-0358.
96594
10. Abdulla MA, Fahad SMA. Anthropometric determinations of
umbilical position in Iraqi adults. Indian J Plast Surg. 2020;
53:394-8. https://doi.org/10.1055/s-0040-1721869
11. Dudukovié¢ M, Kisi¢ H, Baez ML, Buli¢ K, Veir Z, Cvjetica-


https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1038/oby.2009.87
https://doi.org/10.1038/oby.2009.87
https://doi.org/10.1007/s11684-016-0457-8
https://doi.org/10.1007/s00464-008-9965-1
https://doi.org/10.1097/01.prs.0000204793.70787.42
https://doi.org/10.1097/01.prs.0000204793.70787.42
https://doi.org/10.4103/0970-0358.96594
https://doi.org/10.4103/0970-0358.96594
https://doi.org/10.1055/s-0040-1721869

12.

13

14.

15.

17.

18.

nin B, et al. Anatomical prediction for surgical positioning of
the umbilicus in a Croatian population. Ann Plast Surg. 2015;
75:135-9. https://doi.org/10.1097/SAP.0000000000000012
Correia N, Jayyosi L, Chiriac S, Renard Y, Raimond E, Poli-
Merol ML, et al. Morphometric analysis of the umbilicus
according to age. Aesthet Surg J. 2018;38:627-34. https://doi.
org/10.1093/asj/sjx 184

. Yu D, Novicoff WM, Gampper TJ. The average size and posi-

tion of the umbilicus in young men and women. Ann Plast
Surg. 2016;76:346-8. https://doi.org/10.1097/SAP.00000000
00000478

Shim JM, Kim SJ. A study on the interexaminer and intra-
examiner reliability of tape measurement on waist. J Korean
Soc Cosmetol. 2008;14:150-7. Korean.

Harrington DM, Staiano AE, Broyles ST, Gupta AK, Katz-
marzyk PT. Waist circumference measurement site does not
affect relationships with visceral adiposity and cardiometa-
bolic risk factors in children. Pediatr Obes. 2013;8:199-206.
https://doi.org/10.1111/§.2047-6310.2012.00106 x

.Pinho CPS, Diniz AS, Arruda IKG, Leite APDL, Petribu

MMYV, Rodrigues IG. Waist circumference measurement sites
and their association with visceral and subcutaneous fat and
cardiometabolic abnormalities. Arch Endocrinol Metab. 2018;
62:416-23. https://doi.org/10.20945/2359-3997000000055
Rodriguez-Feliz JR, Makhijani S, Przybyla A, Hill D, Chao
J. Intraoperative assessment of the umbilicopubic distance: a
reliable anatomic landmark for transposition of the umbilicus.
Aesthetic Plast Surg. 2012;36:8-17. https://doi.org/10.1007/
$00266-011-9748-2

Anyanwu GE, Chikaodili BI, Chia T. Morphometric study of

22 EL SsdE 24T ) 44 BT 4
NETHE WE Eol 245 W 712 J)u 2ARE
Ak, E=3t
o whE A= e} SrjehE Aozl Brujg 2

on, AAFA <, 9%, A, A, AA A iy

H3ke) e AR, 2 B £ 2AS BAT AHA HIYES Attt B4 DAL A= BE

9,11

19.

20.

21.

22.

23.

24

umbilicus position in a young adult Nigerian population. Acta
Morphol Anthropol. 2022;29:96-103. https://doi.org/10.7546/
AMA 29.1-2.2022.12

Atiyeh BS, Emsieh SE, Ibrahim AE, Fadul RR, Hakim CRA,
Gnaedinger AG, et al. Determination of appropriate umbilicus
position during abdominoplasty in male patients. Plast Recon-
str Surg Glob Open. 2023;11:e5342. https://doi.org/10.1097/
GOX.0000000000005342

Fofung SK, Wabwire B, Wanjeri JK. Defining umbilical
norms in Kenya: a morphometric analysis of 411 adults. Plast
Reconstr Surg Glob Open. 2025;13:€7274. https://doi.org/10.
1097/GOX.0000000000007274

Lee S, Kim Y, Han M. Influence of waist circumference mea-
surement site on visceral fat and metabolic risk in youth. J
Obes Metab Syndr. 2022;31:296-302. https://doi.org/10.7570/
jomes22046

Dietz UA, Frey R, Lalos A, Pfefferkorn U, Ramser M. Anthro-
pometric measurements of the abdominal wall: toward stan-
dardization and difficulty grading in rTAPP inguinal. ] Abdom
Wall Surg. 2026;5:16789. https://doi.org/10.3389/jaws.2026.
16789.

Joseph WJ, Sinno S, Brownstone ND, Mirrer J, Thanik VD.
Creating the perfect umbilicus: a systematic review of recent
literature. Aesthetic Plast Surg. 2016;40:372-9. https://doi.org/
10.1007/s00266-016-0633-x

. Shi W, Neubeck L, Gallagher R. Measurement matters: a sys-

tematic review of waist measurement sites for determining
central adiposity. Collegian. 2017;24:513-23. https://doi.org/
10.1016/j.colegn.2016.08.009

£ wHEol A W] THE 7EHE ot B 243
2 o} AT 4 YN
U9 A8 A 2T, Y AU 9 A2 TSI 2R dadTANE 2 9
257l 9ok 4 otk FeAS ATNAE NE 27} Aot 2
Arejolel BAYE Apniet A8
A WE 1R8] AR A e dEd 2] Aolg dEsied A dE
W8 39 AR AHO AT 2H0AE oftlek 38U Aoje] Bl 754 AEAF ke ol
% A28 M= dslor Bk B 2EE 7129 WE A

shwsta 2o ket A=st

3k, et e Sl
F9 A7 BlEA Qaiet by

o] ;(]- F

4o} SlelEd 24N 4T U wusRsE =

S

O] gh& AFs o2 wHto] ARGSiA = ¢t Hks 28-S SIAHSHAIRL ¥lE ol 54 AAIZF ARE 0 Sl

REs),

st0pE7| et - 2oty 12, AAAS

,HE, SE =


https://doi.org/10.1097/SAP.0000000000000012
https://doi.org/10.1093/asj/sjx184
https://doi.org/10.1093/asj/sjx184
https://doi.org/10.1097/SAP.0000000000000478
https://doi.org/10.1097/SAP.0000000000000478
https://doi.org/10.1111/j.2047-6310.2012.00106.x
https://doi.org/10.20945/2359-3997000000055
https://doi.org/10.1007/s00266-011-9748-2
https://doi.org/10.1007/s00266-011-9748-2
https://doi.org/10.7546/AMA.29.1-2.2022.12
https://doi.org/10.7546/AMA.29.1-2.2022.12
https://doi.org/10.1097/GOX.0000000000005342
https://doi.org/10.1097/GOX.0000000000005342
https://doi.org/10.1097/GOX.0000000000007274
https://doi.org/10.1097/GOX.0000000000007274
https://doi.org/10.7570/jomes22046
https://doi.org/10.7570/jomes22046
https://doi.org/10.3389/jaws.2026.16789
https://doi.org/10.3389/jaws.2026.16789
https://doi.org/10.1007/s00266-016-0633-x
https://doi.org/10.1007/s00266-016-0633-x
https://doi.org/10.1016/j.colegn.2016.08.009
https://doi.org/10.1016/j.colegn.2016.08.009

