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Background. Measurement of the length of the lower extremities is an important part of the assessment of the musculoskeletal
system. If there is a discrepancy in the length of the legs, the accuracy of the measurement technique will determine the
choice of further tactics for treating the patient. However, to date, there is no consensus among experts regarding the
optimal and accurate method for assessing this clinical condition.

The aim is to analyze foreign and domestic researches about measurement of LLD and to determine the optimal method for
measuring the lengths of the lower extremities.

Methods. More than 70 scientific articles were selected from 1983 to 2021 in the PubMed/MEDLINE and eLIBRARY databases
in Russian and English languages.

Results. An analysis of the literature data did not reveal the optimal method for measuring the length of the lower
extremities. Clinical evaluation procedures have demonstrated poor reproducibility and high measurement errors.
Radiation imaging techniques also have measurement errors, additionally exerting radiation exposure on the patient.
Imaging techniques such as ultrasound and MRI are described in several studies, which does not allow to fully determine all
the advantages and disadvantages of these methods when measuring the lengths of the lower extremities.

Conclusion. The study and development of new methods for diagnostics different lengths of the lower extremities,
as well as the improvement of existing methods, will improve the quality of diagnosis of this pathological condition,
and therefore affect the quality of the treatment for its correction.

Keywords: LLD, measurement limb length discrepancy, limb length inequality.

Cite as: Petrova D.A., Kenis V.M. [Leg Length Measurement: Review]. Travmatologiya i ortopediya Rossii [Traumatology
and Orthopedics of Russia]. 2022;28(3): (In Russian). https://doi.org/10.17816/2311-2905-1781.

DA Daria A. Petrova; e-mail: radd.arr@mail.ru

Submitted: 17.05.2022. Accepted: 25.07.2022. Published Online: 24.08.2022.

© Petrova D.A., Kenis V.M., 2022

97 2022;28(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://crossmark.crossref.org/dialog/?doi=10.17816/2311-2905-1781&domain=PDF&date_stamp=2022-09-23

REVIEWS

O630pHas cTaTbs
VK 161.718-07
https://doi.org/10.17816/2311-2905-1781

U3MepeHue ANIMHbI HUKHUX KOHEYHOCTEMN:
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Beedenue. V3MepeHye IJIMHBI HSKHUX KOHEYHOCTEN SIBISIETCSI BAKHBIM 3JIEMEHTOM OLIeHKM COCTOSIHUSI OTIOPHO-JIBUTA-
TeJbHOTO ammnapaTa. IIpy BbISIB/I€HUM HECOOTBETCTBUS B [/IIHE HOT TOYHOCTh METOAMKYM M3MepeHus 6yeT 06ycIaBInBaTh
BBIGOD JasbHeIIIel TAKTUKY JieueHus naieHTa. OJHAKO Ha CeTOTHSIIHUIT TeHb He CYLIeCTBYeT eIVHOTO MHEHMS CITelIn-
aJIMCTOB OTHOCUTEIBHO ONITUMA/IBHOM M TOUHOIM METOAVIKM M3MePeHMS IJINHbI HVSKHUX KOHEUHOCTE.

Llens 0630pa — Ha OCHOBAHMM aHAIN3a 3aPyOEKHOI 11 OTeUeCTBEHHOI IMTEPATYPhl ONIPEAEIUTD ONMTUMATbHYI0 METOIUKY
M3MepeHMsI IJIHbI HVSKHUX KOHEUHOCTE.

Mamepuan u memodst. bbuio oTo6paHo 60ee 70 HayuHbIX cTaTeit ¢ 1983 o 2021 r. B 6a3ax manHbix PubMed (MEDLINE) u
eLIBRARY Ha pycCKOM M aHIJIMIICKOM SI3bIKaX.

Pe3zynvmamoi. AHaIM3 TUTEPATYPHBIX TaHHBIX HE BBISIBUJI OMTUMAIbHOVM METOIMUKM M3MepeHUs AJIMHbI HISKHUX KOHeY-
HocTel. KnMHnYeckre MeTOOMKY OLIeHKM MPOIeMOHCTPUPOBAIU TIJIOXYIO BOCIIPOM3BOAVIMOCTD M BbICOKME TOTPEIIHOCTYU
u3MepeHuii. JlyueBble METOOMKY BU3YaaM3aLUM TaKKe He JIMILIEHbI MOTPEIIHOCTeN M3MepeHMiA, TOTTOTHUTENTbHO OKa3bI-
BAIOT HA MMallMeHTa JIy4eBYl0 Harpysky. MeToguku Busyanmsanuu, tTakme Kak Y3U u MPT, omnmcaHbl JUIIb B HECKOTbKUX
UCC/IeN0BAHMSIX, YTO He TI03BOJISIeT IMOTHOLIEHHO OIpefeNTh BCe UX NJOCTOMHCTBA M HEJIOCTATKY MPU M3MepPeHUN IJIMHbI
HIDKHUX KOHEUHOCTE.

3akniouenue. VizyueHue 1 pa3paboTKa HOBbIX METOIMK OIpemeleHNsT Pa3HOi IJIMHbI HYSKHUX KOHEUHOCTE, a TaKkKe yco-
BepIIEeHCTBOBAHME Y3Ke CYIIeCTBYIOUIMX METOAVK TO3BOJISIT YIYYIIUTh KAYeCTBO AMArHOCTUKY JAHHOTO MAaTOMOTUYECKOTO
COCTOSTHMSI, & CJIeIOBATE/IbHO, MOBJIMSITh HA KAYECTBO ITPOBOIVIMOTO JIeUeHUS.

KnroueBbie ¢JIOBa: pa3HOBEIMKOCTDb HYDKHUX KOHEYHOCTEN, M3MepeHe IJIMHbI HUKHIX KOHEUHOCTEN, pa3Hast AJIHA HIDK-
HUX KOHEUHOCTE.

ITerposa [I.A., Kennc B.M. i3aMepeHue JyIMHbI HUSKHUX KOHEUHOCTEN: 0030p TUTepaTypsl. Tpagmamonozus u opmonedus
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BACKGROUND

Determining the lower extremity (LEL) is an
important point in assessing the pathology of
the lower extremities. According to the litera-
ture, almost 90% of the population suffer from
LEL discrepancy up to 1 cm [1, 2]. Anatomical
and functional differences are distinguished [3].
Anatomical length discrepancy occurs when the
total length of bones and the thickness of carti-
lage differ significantly between the limbs. The
main causes of anatomical length discrepancy are
congenital and acquired [4]. The most common
congenital causes are hip dislocations, hemihy-
pertrophy with injury to the skeleton of the lower
extremities, unilateral clubfoot. Acquired causes
may develop due to infections, paralysis, tumors,
surgery such as total hip or knee arthroplasty [4].
Functional length discrepancy can be caused by
contracture of soft tissues, contractures of the
hip or knee joints, pelvic tilt or deformities of
the foot [1, 3]. For example, flexion contractures
of the knee and hip joints can cause an obvious
shortening of the leg, while the hip abduction
contracture and equine foot position can func-
tionally lengthen the affected limb.

The assessment of different sizes is a difficult
task for researchers and clinicians, since there
are still disagreements about the optimal meth-
od of measuring the LEL, and data on their re-
liability and diagnostic accuracy differ. The ac-
curacy of the method is defined as the spread of
measurement using the imaging method com-
pared to the actual measurement, whereas the
reliability of the method lies in the difference
between the measurement results of differ-
ent researchers and the same researcher when
measuring different patients [5]. The choice of
the correct surgical method for correcting the
LEL discrepancy requires improving the quality
of diagnostic techniques for this pathological
condition [6, 7, 8, 9, 10].

The aim of the study was to determine the op-
timal method of measuring the LEL based on the
analysis of foreign and domestic literature.

METHODS

The search for scientific articles was carried out
from 1983 to 20 in the PubMed (MEDLINE) and
eLIBRARY databases. Keywords used for search-
ing: leg length discretion, limb length discretion, leg
length inequality, leg length, limb length, measure-

ment LLD. The second stage was to look through
the literature lists of the found articles for ad-
ditional selection of publications of a suitable
subject.

RESULTS

Two main categories of methods are used to
evaluate the LEL: clinical methods and imaging
methods [1, 5, 11].

Clinical methods for evaluating the LEL

Measuring with a centimeter tape

The technique is used to measure the length of
each lower limb by measuring the distance be-
tween the bone landmarks and is called a direct
clinical method for measuring the difference in
size. In 21 studies, a centimeter tape was used to
measure the length of segments [12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32]. In most studies, the values obtained
using a centimeter tape were compared with the
results of X-ray images as reference [13, 14, 15,
16,21, 22, 23, 25, 29, 31]. However, only some au-
thors used full-fledged radiographs of the lower
extremities, while some researchers estimated
the difference in the LEL from targeted radio-
graphs of specific areas, such as hip, knee and
ankle joints [12, 16]. In two studies, the reference
values were ultrasound diagnostic data [18, 20].
Several authors used CT scans as reference val-
ues [23, 26, 27]. One study assessed the distance
of the medial and lateral ankles from the floor
[29]. Some authors evaluated the inter-expert
and intra-expert consistency of the results of
the measurements obtained [11, 12, 17]. Another
study compared the results obtained using a cen-
timeter tape with the results obtained using a
Metrecom device [16]. According to I.T. Batrshin
and T.N. Sadovaya, when measuring the LEL and
segments using a centimeter tape, 1000 chil-
dren in 19% of cases had a change in the length
of the segments depending on the position in
which the measurement was made - standing,
sitting and lying [32]. Only a few publications
have reported that the measuring method with
a centimeter tape is reliable and/or valid [22, 23,
26, 27]. Most of the authors [11, 13, 15, 18, 19,
20, 24, 26, 28, 30] it was concluded that the tape
measurement technique is inaccurate: a wide
range of results was revealed, weak correlation
with other methods and a length discrepancy
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with radiography, which may lead to an incor-
rect calculation of a small difference in the LEL.
In addition, there are certain causes of differ-
ent sizes, such as fibular hemimelia and post-
traumatic bone loss involving the foot, where a
significant part of the shortening of the limb is
more distal in relation to the medial ankle, re-
spectively, is not evaluated when using this as-
sessment technique.

The blocks technique

The alignment of the patient's pelvis position
relative to the horizontal plane in a standing
position with the placement of blocks of known
height under a short limb is called an "indirect"
clinical method of measuring the difference in
size. This method was used in 11 studies [12, 14,
18, 19, 20, 21, 23, 24, 29, 33, 34]. When evaluat-
ing the results, the data obtained during CT [23]
and ultrasound [17] were considered the refer-
ence value. In all other studies, the reference
value was considered to be the results of an X-ray
examination. The blocks technique is defined as
reliable, accurate and relevant or superior to the
measurement technique with a centimeter tape
in five studies [12, 21, 23, 24, 29]. However, sev-
eral studies have revealed low validity and reli-
ability compared to X-ray studies [14, 19, 34].
In addition, J. Edeen et al. identified the blocks
technique as less accurate in comparison with ul-
trasonic measurement [20].

E. Hanada compared the blocks technique
with palpation of the iliac crests to determine
the magnitude of the difference. The values
obtained using this technique were compared
with the X-ray data as a reference value. The
researchers concluded that the results obtained
indicate high reliability and sufficient validity
of the proposed methodology, but there are no
other references to the use of this technique in
the literature [35].

Osteopathic techniques

To determine functional shortening, osteopaths
use unique techniques, such as the Derifield-
Thompson test, which allows to accurately deter-
mine the difference in length of less than 3 mm
when assessing interexpert consistency [36, 37,
38]. However, these studies were conducted on
small groups of patients, and none of them used
a different method for evaluating the the differ-
ence in the LEL.

This research design flaw was leveled in a
study by D.W. Rhodes et al., in which the osteo-
pathic measurement technique was compared
with measurements obtained when assessing the
difference in size on radiographs of the lower ex-
tremities in the standing position [39]. Despite
the positive correlation, the values of the differ-
ence in the length of the limbs differed greatly
depending on the measurement method, which
prompted the researchers to conduct another
study aimed at determining the difference in the
LEL depending on the patient's position — lying
on his stomach and lying on his back [40]. The re-
sults obtained were compared with radiographs
of the lower extremities in the standing position,
which revealed the low validity of the test and
less than expected reliability of the study.

The study by H.T. Nguyen et al. is devoted
to the assessment of interexpert consistency in
measuring the LEL in patients in the supine po-
sition, which demonstrated good reproducibility
when using the activator method [41].

In another study, the minimum size of the dif-
ference was calculated, which can be accurately
determined using the osteopathic assessment
technique - 3.74 mm. Such accurate data were
obtained due to the known size of the pads simu-
lating the different size of the lower extremities
in the experiment [42].

Later, the data of the mistake-free determina-
tion of the difference in the LEL were increased
to 4-6 mm due to the use of modified surgical
boots [43].

A number of researchers believe that the in-
ter-expert consistency in assessing the diversity
depends on the experience of researchers and
decreases when trying to increase the accura-
cy of measurements. [44, 45, 46, 47]. A modern
study by R. Cooperstein and M. Lucente, devoted
to assessing the difference in the patient's lying
on his back and lying on his stomach, demon-
strated low consistency between the measure-
ments obtained [48]. Another study, also con-
ducted by R. Cooperstein et al., was devoted to
the evaluation of the compression technique
for detecting different sizes and determining
the differences between anatomical and func-
tional shortening. The results demonstrated
high reliability of intra-expert and inter-expert
consistency, however, the authors indicate that
radiological measurement methods are more
accurate and reliable [49].
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Another study by R. Cooperstein et al., de-
voted to the mathematical modeling of the
Allis test, refutes the value of osteopathic as-
sessment methods due to the significant length
discrepancy in the results obtained during the
measurement process, arising due to the pecu-
liarities of positioning of patients at the time
of the procedure [50]. A study by M. Farella et
al. aimed at identifying the length discrepancy
caused by disorders in the temporomandibular
joint did not reveal a correlation between the
pathology of the temporomandibular joint and
the different LEL [51].

Visualization methods

Currently available imaging methods include
conventional radiography, computer radiogra-
phy, microdose digital radiography, ultrasound,
CT and MRI. The spread of digital radiography
served as an incentive for conducting a study on
comparing measurements obtained during the
evaluation of film and digital images [52].

Comparison of the results obtained by
measuring film and digital images

S. Khakharia et al. conducted a study of compa-
rability, accuracy and reproducibility of meas-
urements of the difference between digital im-
ages in the PACS system and standard printed
radiographs [52]. The measurements were carried
out independently by two researchers. For both
methods, comparable reliability and excellent
consistency of the results obtained were claimed.
Therefore, the transition from printed film to
digital images was recommended.

Radiography of the pelvis to determine the
magnitude of the length discrepancy

In 4 studies, the comparability of the measure-
ment results of the LEL discrepancy obtained by
measuring pelvic radiographs in a direct projec-
tion was evaluated [53, 54, 55, 56]. The reference
studies were panoramic radiographs of the lower
extremities in an AP projection in a standing po-
sition or CT results. The authors of all studies
concluded that caution should be exercised when
determining the magnitude of the length discrep-
ancy in pelvic radiographs due to the limitation
of their comparability with reference methods.

Panoramic radiography of the lower
extremities in the standing position

Panoramic radiography of the lower extremities
in the standing position is recognized as the gold
standard for assessing the LEL discrepancy[4]. A
number of studies have determined the high or
almost perfect reliability of the panoramic radio-
graphy method [57, 58, 59, 60]. The CT method
was the reference method in some of these stud-
ies, and in one of them panoramic radiography
in an anterior-posterior projection in a standing
position surpassed the CT scan in accuracy of
the measurements obtained [60]. In addition, the
specialists who conducted these studies recom-
mend using the technique not only to determine
the LEL discrepancy, but also to assess the axial
deformities of the lower extremities. However,
the results of a study by M.D. Ahrend et al. have
also been published, demonstrating mistakes of
up to 6 cm when measuring panoramic radio-
graphs in an AP projection in the same patients
during the treatment period. The authors of the
article claim that when comparing the measure-
ment results of an intact limb, the values differ
by more than 2 cm in 76% of the studied [61].

EOS Biplane Imaging System

The EOS system is an X-ray machine that allows
filming in two mutually perpendicular projec-
tions [62, 63]. A number of studies have been
conducted to assess the accuracy of measure-
ments of the LEL discrepancy [64, 65, 66]. Due
to the high accuracy of the results obtained, the
reference evaluation method was not used. When
comparing the X-ray load A. Clavé et al. con-
cluded that the obtained images of phantoms are
comparable to diagnostic ones and can be used
for subsequent examination of living patients in
order to reduce radiation exposure [64]. In two
other studies, 2D and 3D measurements using
the EOS system were considered accurate and
highly reliable. However, both studies revealed
methodological problems [65, 66].

Computed tomography

In their study, V.Poutawera and N.S. Stott evalu-
ated the reliability of measurements of different
LEL obtained using CT [67]. The reference stand-
ard was not used. Although the intra-expert con-
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sistency of repeated measurements was almost
perfect, CT scans should be performed more than
once and rechecked by the attending physician.

Ultrasound examination

Several studies have been devoted to assessing
the reliability of measurement with the LEL
discrepancy by ultrasound diagnostics [18, 20,
68, 69]. The reference standard was radiograph-
ic measurement. The authors of all the studies
came to the conclusion that ultrasound for the
assessment of length discrepancy is a simple
technique in performance and much more ac-
curate in comparison with clinical methods, re-
gardless of what type of device is used.

Magnetic resonance imaging

Although MRI is traditionally used for soft tissue
imaging, this diagnostic method is becoming in-
creasingly popular for assessing bone abnormali-
ties. In a study by J. Riad et al., the magnitude of
the difference in limb length was assessed using
MRI [70]. On sagittal T1-weighted tomograms of
the lower extremities, the length of the pelvis, fe-
mur, lower leg and calcaneal bone was measured
in the patient's position on the back with fully
straightened legs. The measurements were car-
ried out by two experienced experts and repeated
two weeks later. The results obtained indicate the
high reliability of the technique for estimating
the size of the segments of the lower extremities.

DISCUSSION

Clinical methods are characterized by ease of ap-
plication in routine practice and poor reproduc-
ibility with high inaccuracy rate of the obtained
measurement results. Radiological techniques
are also not devoid of mistakes, in addition, they
have an X-ray load on the patient. That is why, in
our opinion, it is impractical to use CT in the dai-
ly diagnosis of the LEL discrepancy. The studies
devoted to ultrasound diagnostics and magnetic
resonance imaging to assess the LEL discrepancy
are one single nature and do not allow us to fully
assess the advantages and disadvantages of these
methods for assessing different limb lengths.

In addition, the difficulty of diagnosing the
length discrepancy in the LEL lies in the fact that
the results are compared with methods that also
have inaccuracy. When directly measuring the
bones of people of the Holocene epoch (modern

people), the difference in the length of the thigh
and lower leg is no more than 1% of the segment
length [71], whereas according to studies describ-
ing the methods of clinical and visualizing meth-
ods for assessing the difference in size, different
limb lengths in the population occur up to 90% of
the population [1, 2], which indicates rather the
high inaccuracy rate of the measurement meth-
ods used than the "epidemic" of dicrepancy.

CONCLUSION

As the analysis of literature sources has shown,
there is no universal method for diagnosing di-
crepancy today. The development of new diag-
nostic techniques of different LEL, as well as the
improvement of existing ones, will improve the
quality of diagnosis of this pathological condi-
tion, and therefore the quality of treatment for
its correction.
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