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Abstract

We evaluated the frequency of absence of the palmaris longus tendon in the heterogeneous Israeli popula-
tion. Nine hundred and fifty wrists were evaluated using a modified Mishra/Schaeffer technique (thumb/little-
finger opposition with resisted wrist flexion), which was validated by ultrasound scanning. The geographical
and ethnic origin of volunteers was documented. When physical examination was equivocal, any vague,
superficial structure was subsequently identified as the median nerve by ultrasound. Physical examination
reliably identified palmaris longus only when a structure was clinically obvious (visually or by palpation).
There was bilateral absence of the palmaris longus in 21% and unilateral absence in 15% of participants.
Frequency of bilateral absence varied between 4.5% and 30%, depending on geographical origin (p=0.0007).

The incidence of palmaris longus tendon varied significantly by geographical, but not by ethnic origin.
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Introduction

The palmaris longus (PL) tendon is the preferred
donor tendon for reconstruction in hand surgery.
Tendons and ligaments are both composed of line-
arly arranged Type-| collagen and thus, a tendon
graft can be used to reconstruct either. The PL
tendon lends itself to this role due to its length, rel-
ative width and expendability. The presence of two
other strong wrist flexors, the flexor carpi ulnaris
and radialis mean that removing this third, weak
flexor does not result in impairment of hand function.
The PL tendon, however, is not always present.

Reimann et al. (1944) first reported a cadaveric
study involving 1600 extremities and found the
absent rate of PL to be 13%. They concluded that
PL is one of the most variable muscles in the
human body. Subsequently it has been determined
that the rate of absence is dependent on geographic
location (Gangata, 2009; Raouf et al., 2013) and that
the rate varies from 1.5% to 64%.

Various clinical examinations exist for evaluating
the presence of the PL and these vary in their

accuracy. In one study, 2.6% of PL tendons were
missed when using the standard Shaeffer’'s test,
but found to be present when using Mishra’s
method (Kose et al., 2009). The unreliability of clini-
cal examination has been highlighted by reports
of median nerve harvest instead of the apparently
absent PL (Geldmacher, 1972; Kovacsy, 1980;
Vastamaki, 1987; Weber and Mackinnon, 2007).
Israel is a heterogeneous society with populations
from diverse geographic and ethnic origins, affording
an opportunity to evaluate the incidence of the PL
and its correlation with geographic and ethnic
origins. The aim of this study is to describe the
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incidence of PL in the heterogenous Israeli popula-
tion and investigate potential correlation of incidence
to geographical and ethnic origin. A secondary aim is
to validate a modified clinical examination that we
developed to detect the presence of the PL tendon.

Methods
Study design

This was a prospective cross-sectional study con-
ducted after receiving approval from the local
ethics committee according to guidelines from the
Helsinki declaration. The inclusion criteria included
participants recruited from within our medical centre
(staff, patients and visitors) aged 18 years and older.
Exclusion criteria were those who are younger and
with a history of previous injuries or hand surgery.

Examination for the PL tendon

All examinations were performed by a fellowship-
trained hand surgeon who combined two techniques
(traditional Schaeffer test and Mishra’s method) by
simultaneous opposition of little finger and thumb,
together with resisted flexion of the wrist. Using
this method, the PL becomes clinically obvious,
either visibly or by palpation (Figures 1 and 2J.

To validate the examination technique, the modi-
fied clinical examination was validated by high-
frequency ultrasound (US) in a pilot study involving
100 wrists. Volunteers with PL tendon present
according to the modified examination underwent
US examination. In all cases the US confirmed pres-
ence of PL, thereby establishing the reliability of clin-
ical examination in diagnosing the presence of PL.
Volunteers examined during the pilot study were

Palmaris Longus
Tendon

not consented for participation in this study and
therefore were not included.

Ultrasound technique

US was performed using Phillips Affinity 70G with an
18 MHz probe to visualize the PL (Figure 3). In wrists
with no obvious PL on clinical examination, an US
was performed to determine if it was indeed absent
or was present but had gone undetected. This
approach was changed following 136 US examina-
tions, as the clinical examination was deemed reli-
able both for confirming and excluding the presence
of PL. In all but one of the 136 wrists examined, the
clinical examination had proved to be accurate in
confirming the absence of a PL. The one exception
was in a volunteer where clinical examination did
not reveal a PL, but a small, insubstantial tendon
(2 mm wide) as demonstrated by US. This hypoplastic

Figure 2. Examination for palmaris longus presence using
combined Schaeffer and Mishra tests showing structure
(solid line) palpable but not an obvious palmaris longus.
(Dotted line indicating FCR tendon).

FCR: flexor carpi radialis, PL: palmaris longus.

e

Figure 1. Examination for the presence of the palmaris
longus tendon using combined Schaeffer and Mishra tests
showing a clinically obvious tendon.

PL: palmaris longus.

Figure 3. Palmaris longus tendon demonstrated on
ultrasound exam. Note its location immediately anterior to
the median nerve at the level of the wrist.

PL: palmaris longus.
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tendon was not clinically observable and was not
considered to be of clinical significance.

Determining geographical and ethnic origin

Participants were asked to fill out a de-identified
demographic data sheet, which included date of
birth, gender, hand dominance, and geographic and
ethnic background of all four grandparents. Israel’s
high immigration rate since its founding in 1948 has
meant that it has a particularly heterogenous popu-
lation. We attempted to ensure an accurate descrip-
tion of ethnicity by recording the demographic data of
participants’ grandparents, as it was unknown to
what extent differing degrees of heterogeneity
would affect PL incidence. The results in fact dem-
onstrated that the majority of participants (75%) had
an entirely homogenous ancestry, with all four
grandparents of the same ethnic origin. While this
meant that we had more confidence about the influ-
ence of ethnic and geographical origin on PL inci-
dence, it did not allow for subgroup analysis of
differing levels of heterogeneity, as these groups
were too small. We recorded nine categories of
ethnic and geographic background (Table 1]. Ethnic
background for this study was defined as the reli-
gious identity of the participants. In recent published
guidance for reporting or race and ethnicity in med-
ical journals, ethnicity is classically defined as a per-
son’s cultural identity, for example language,
customs or religion (Flanagin et al., 2021).

Results

A total of 475 people (950 wrists) with average age of
44 (18-91) were examined. Fifty-two per cent were
female and 86% were right handed. Of the 950 wrists
examined, the PL was absent in 268 volunteers
(28%), bilaterally in 98 (21%) and unilaterally

Table 1. Breakdown of geographic and religious origin,
where it was the same in all four grandparents
(362 participants in total).

Numbers of
participants

Categories of geographic
and religious backgrounds

Middle Eastern, Jewish 73
Middle Eastern, Muslim 59
North African, Jewish b4
North African, Muslim 0
Russian and Eastern European, Jewish 86
Western European and 30
North American, Jewish

Ethiopian, Jewish 44
Latin American, Jewish

Middle Eastern, Christian 1

absent in 72 (15%). There was no significant differ-
ence in incidence between those who were right
handed (28% absent] and left handed (27% absent)
(p=0.79).

Three hundred and fifty-six participants (75%)
stated that all four grandparents originated from
the same geographic and ethnic origin (Table 1). Six
participants were excluded from statistical analysis,
due to the small sample size (Jewish Latin America -
5, Christian Middle Eastern - 1 and Muslim North
African - 0]. All other participants were included.
Bilateral absence varied from 4.5% in the Ethiopian
Jewish population to 30% in the Middle Eastern
Muslim population (Figure 4). Unilateral absence
varied from 0% in the Ethiopian Jewish population
to 19% in the Middle East Muslim population
(Figure 4).

When analysing geographical origin in isolation,
the rate of bilateral absence was 4.5% in the
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Figure 4. Percentage of the absence and presence of
palmaris longus in different religious and ethnic origins.
PL: palmaris longus.

Bilateral PL Absence (%)
35

30
25

20

% Absence

. L

Middle Eastern European Ethiopian

Figure 5. Percentage of bilateral absence different
geographical regions.
PL: palmaris longus.
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Ethiopian group, 18% in the European and 29% in the
Middle Eastern groups (Figure 5). These differences
were significant when comparing the Ethiopian and
European groups (p=0.041) and the Ethiopian and
Middle Eastern groups (p=0.0007).

The difference between European and Middle
Eastern groups approached significance (p=0.0532].
There was also a significant difference in unilateral
absence between the Ethiopian group and both the
European (p=0.0019) and Middle Eastern (p=0.0061)
groups.

Discussion

In this study, we studied the incidence of the PL
tendon in the heterogenous lIsraeli population and
its potential correlation of incidence to geographical
and ethnic origin. We also validated our modified
clinical examination to detect the presence of the
PL tendon. We demonstrated the diverse incidence
of PL among different populations and the variation
is largely determined by geographical and not ethnic
origin.

Various studies have reported on the absent rates
of the PL, ranging from 1.5% to 64% (Table 2). These
studies are mainly reported in homogeneous popu-
lations (loannis et al., 2015), but the heterogenous
Israeli population provided a unique opportunity to
compare volunteers from diverse backgrounds. We
chose to include their ethnic background to deter-
mine if there was a difference within groups if they
are from the same geographical origin. Although
other studies have shown that PL incidence varies
according to geographical origin, it was not known

Table 2. Rate of absence of PL in different geographical
regions.

Rate of
Country absence Article
Zimbabwe 1.5% Gangata, 2009
Ghana 3.1% Osonuga et al., 2012
South Korea 4 1% Kyung et al., 2012
East Africa 4.L% Kigera and Mukwaya, 2011
China 4.6% Sebastin and Lim, 2006
Nigeria 6.7% Mbaka and Ejiwunmi, 2009
Malaysia 1% Roohi et al., 2007
South Africa 12% Ndou et al., 2010
India 17% Sharma et al., 1991
Brazil 27% Morais et al., 2012
Israel 28% This study
Iran 31% Karimi et al., 2014
Bahrain 37% Sater et al., 2010
Egypt 51% Raouf et al., 2013
Turkey 64% Ceyhan and Mavt, 1997

if ethnic factors also have an influence (loannis
et al., 2015).

In this study, we found that it is the geographical
origin that influences PL incidence, but not ethnic
origin. For example, the Ethiopian Jewish population
in this study was found to have very similar incidence
to other African populations previously examined, but
different from other Jewish populations studied.
Similarly, Middle Eastern populations in this study
had very similar bilateral absence rates irrespective
of religion (Jewish Middle Eastern 27% and Muslim
Middle Eastern 31%). This finding is somewhat
surprising, given that individuals of the same ethnic
origin would presumably have similar genetic char-
acteristics and therefore similar anatomy. That geo-
graphic origin rather than other aspects of ethnic
origin correlates with PL prevalence is therefore an
unexpected outcome, as it may suggest that environ-
mental factors are more important than genetic ones
in determining PL prevalence. That said, environ-
mental and genetic influences are closely linked to
one another (Hand et al., 2015). Whatever the cause,
in our study population a statistically significant dif-
ference was only demonstrated between participants
of different geographical origin.

In choosing how to define ethnicity for this study,
several factors needed to be considered. Ethnicity is
essentially a social construct and can be difficult to
define, therefore it is important to be clear and con-
sistent when discussing issues surrounding this.
Flanagin et al, (2021) recommended that individuals
should be given the freedom to define their own eth-
nicity. For this reason, we designed a questionnaire
to facilitate this where participants reported their
ethnic background by either selecting one of nine
predetermined categories, or by specifying an alter-
native using free text, which also allowed individuals
to identify themselves as having more than one eth-
nicity. For the sake of clarity and practicality it was
important to keep the questionnaire simple and the
number of options reasonable. Careful thought was
given regarding which categories should denote
ethnic origin and ultimately, a pragmatic approach
was taken where we endeavoured to represent the
most common local ethnic groups.

In Israel, the largest ethnic groups identify them-
selves primarily by religious affiliation and not by
geographic origin alone. For example, there are sev-
eral distinct cultural and religious populations that
all have Middle Eastern origin and for this reason,
religious affiliation was the primary factor chosen
by them to represent ethnicity. Geographical origin
was also recorded as an element of ethnicity but
analysed as a separate factor. Only three participants
elected to use free text for their ethnicity and this
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likely reflects appropriate ethnicity categories,
as participants were able to self-identify using the
predetermined categories.

As worldwide populations continue to become
increasingly diverse, a patient’s geographical origin
and its influence on their anatomy becomes more
relevant. Europe, for example, has seen a large
influx of Middle Eastern migrants in recent years
and local physicians may not be aware of the lower
incidence of PL in these populations.

The examination of the PL tendon remains an
interesting area of research. A few studies have
found Schaeffer’s test to be the most sensitive clin-
ical examination (Johnson et al., 2020; Sadeghifar
et al., 2018; Sebastin and Lim, 2006), while others
have found Mishra’s first test to be the most sensi-
tive (Kose et al., 2009; Sebastin and Lim, 2006). We
found that combining the two techniques into one
manoeuvre with simultaneous opposition of little
finger and thumb, together with resisted flexion of
the wrist, may prove to increase the accuracy of PL
detection. When palpating the forearm from distal to
proximal, the PL remains superficial. In contrast to
this, the median nerve lies superficial to the flexor
digitorum superficialis (FDS) tendons at the wrist but
courses deep, around the radial side of the FDS ten-
dons to lie between the FDS and flexor digitorum
profundus [(FDP) in the mid-forearm. Therefore,
when palpating at the wrist, the PL can be followed
proximally into the forearm, and will always remain
superficial.

Prior to this project, a pilot study with the use of
US was conducted to establish the reliability of the
modified clinical examination in diagnosing PL, as it
was initially thought that physical examination alone
would be insufficient to rule out PL. Experience early
in the study however, showed that physical examina-
tion, when carried out using the combined technique,
was extremely reliable in demonstrating the absence
or presence of PL. We found that no clinically signif-
icant PL was missed in 136 patients as proven by US
and for this reason, the modified combined physical
examination was deemed reliable for the main study.
An important caveat is that on occasions, physical
examination was equivocal; an indeterminate, vague
impression of a superficial structure made it difficult
to rule out PL definitively. In all these cases US
showed that the vague structure was in fact the
median nerve. This led us to conclude that physical
examination reliably identified PL only when a struc-
ture was clinically obvious (visually or by palpation].
In all other circumstances (equivocal cases included)
it could be confidently determined that PL was
absent.

There are limitations in this study. Despite its reli-
ability, the reliance on physical examination alone to
determine the presence of PL rather than US as well,
may still be considered a limitation as US is gener-
ally recognized as the gold standard for identifying
PL. Holzgrefe et al. (2019]) recently compared phys-
ical examination to US and found it to be only 93%
accurate, although they concluded that any clinically
obvious PL could be determined by physical
examination alone (Holzgrefe et al., 2019). Another
limitation was that some demographic groups were
under represented (Jewish Latin American, Christian
Middle Eastern and Muslim North African) and were
thus excluded from the analysis. Further research
is necessary to determine the PL incidence in these
and other populations. An additional problem caused
by the exclusion of these groups is that only six
ethnic/geographical groups remained for analysis,
with the majority of them constituting participants
of Jewish ethnic backgrounds (84%). This variation
between the different ethnicities is representative
of our medical institution and the wider Israeli pop-
ulation, but does constitute a selection bias, inherent
to observational cross-sectional studies.

In conclusion, we found that the incidence of PL
varied as a result of geographical instead of ethnic
diversity. This study provides further information on
the definition of ethnicity and also the need to take
into account the increasing heterogeneous nature of
our societies when studying anatomical variations.

Declaration of conflicting interests The authors
declare no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Funding The authors received no financial support for the
research, authorship, and/or publication of this article.

Ethical approval Obtained from the local ethics Helsinki
Commission. 0104-17-SZMC.

Informed consent There was no need to obtain written
informed consent for this study, verbal consent from each
participant was obtained according to the guidelines of
local ethics Helsinki Commission.

ORCID iD Joshua Cohen @ https://orcid.org/0000-0002-
4163-8145

References

Ceyhan O, Mavt A. Distribution of agenesis of palmaris longus
muscle in 12 to 18 years old age groups. Indian J Med Sci.
1997, 51: 156-60.

Flanagin A, Frey T, Christiansen S. Updated guidance on the
reporting of race and ethnicity in medical and science journals.
JAMA. 2021, 326: 621-7.


https://orcid.org/0000-0002-4163-8145
https://orcid.org/0000-0002-4163-8145
https://orcid.org/0000-0002-4163-8145

Journal of Hand Surgery (Eur) 0(0)

Gangata H. The clinical surface anatomy anomalies of the palmaris
longus muscle in the Black African population of Zimbabwe and
a proposed new testing technique. Clin Anat. 2009, 22: 230-5.

Geldmacher J. Median nerve as free tendon graft. Hand. 1972, 4: 56.

Hand BK, Lowe WH, Kovach RP, Muhlfeld CC, Luikart G. Landscape
community genomics: understanding eco-evolutionary pro-
cesses in complex environments. Trends Ecol Evol. 2015, 30:
161-8.

Holzgrefe RE, Anastasio AT, Farley KX, Daly CA, Mason AR,
Gottschalk MB. Detection of the palmaris longus tendon: phys-
ical examination versus sonography. J Hand Surg Eur. 2019, 44:
800-4.

loannis D, Anastasios K, Konstantinos N, Lazaros K, Georgios N.
Palmaris longus muscle’s prevalence in different nations and
interesting anatomical variations: review of the literature.
J Clin Med Res. 2015, 7: 825-30.

Johnson C, Zusstone E, Miler T, Nwawka K, Lee S, Wolfe S. Clinical
tests for assessing the presence and quality of the palmaris
tendon: diagnostic accuracy of examination compared with
ultrasound. J Hand Surg Eur. 2020: 45: 292-8.

Karimi JH, Rahmanian K, Jahromi AS. Relation of palmaris longus
agenesis with hand dominance. Life Sci J. 2014, 11: 2.

Kigera JW, Mukwaya S. Frequency of agenesis palmaris longus
through clinical examination—an east African study. PLoS
One. 2011, 6: e28997.

Kose 0, Adanir O, Cirpar M, Kurklu M, Komurcu M. The prevalence
of absence of the palmaris longus: a study in Turkish popula-
tion. Arch Orthop Trauma Surg. 2009, 129: 609-11.

Kovacsy A. Removal of the median nerve instead of the palmaris
longus tendon. Magy Traumatol Orthop Helyreall Seb. 1980, 23:
156-8.

Kyung DS, Lee JH, Choi IJ, Kim DK. Different frequency of
the absence of the palmaris longus according to
assessment methods in a Korean population. Anat Cell Biol.
2012, 45: 53-6.

Mbaka GO, Ejiwunmi AB. Prevalence of palmaris longus
absence - a study in the Yoruba population. Ulster Med J.
2009, 78: 90-3.

Morais MA, Gomes MS, Helrigle C, Malysz T. Prevalence of agen-
esis of the palmaris longus muscle in Brazil and its clinics
correlation. Braz J Morphol Sci. 2012, 29: 238-42.

Ndou R, Gangata H, Mitchell B, Ngcongo T, Louw G. The frequency
of absence of palmaris longus in a South African population of
mixed race. Clin Anat. 2010, 23: 437-42.

Osonuga A, Mahama HM, Brown AA et al. The prevalence of pal-
maris longus agenesis among the Ghanaian population. Asia
Pac J Trop Dis. 2012, 2: S887-9.

Raouf HA, Kader GA, Jaradat A, Dharap A, Fadel R, Salem AH.
Frequency of palmaris longus absence and its association
with other anatomical variations in the Egyptian population.
Clin Anat. 2013, 26: 572-7.

Reimann AF, Daseler EH, Anson BJ, Beaton LE. The palmaris
longus muscle and tendon. A study of 1600 extremities. Anat
Rec. 1944, 89: 495-505.

Roohi SA, Choon-Sian L, Shalimar A, Tan GH, Naicker AS, Rehab
M. A study on the absence of palmaris longus in a multiracial
population. Malaysian Orthop J. 2007, 1: 26-8.

Sadeghifar A, Kahani A, Saied A, Rasayu E. Interobserver and intra-
observer reliability of different methods of examination for
presence of palmaris longus and examination of fifth superfi-
cial flexor function. Anat Cell Biol. 2018, 51: 79-84.

Sater MS, Dharap AS, Abu-Hijleh MF. The prevalence of absence of
the palmaris longus muscle in the Bahraini population. Clin
Anat. 2010, 23: 956-61.

Sebastin SJ, Lim AY. Clinical assessment of absence of the pal-
maris longus and its association with other anatomical anom-
alies—a Chinese population study. Ann Acad Med Singapore.
2006, 35: 249-53.

Sharma DC, Pendse V, Sahay K, Soni BL. The changing pattern of
maternal and neonatal anemia at Udaipur during 2 decades in
relation to poverty, parity, prematurity and vegetarianism. Asia
Oceania J Obstet Gynaecol. 1991, 17: 13-7.

Vastamaki M. Median nerve as free tendon graft. J Hand Surg Br.
1987, 12: 187-8.

Weber R, Mackinnon S., Median nerve mistaken for palmaris
longus tendon: restoration of function with sensory nerve
transfers. Hand. 2007, 2: 1-4.



