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AbsTRACT: Introduction: The Flexor Carpi Ulnaris (FCU) is a part of the palmar the forearm muscle group 
and one of the most important muscles for upper limb functioning - is responsible for flexion and adduc-
tion of the hand at the radio-carpal joint. There are clinically significant but rare anatomical variations of 
FCU. The variability of the FCU has not been described up to now, and no typology of the muscle based on 
its more variable terminal attachment has been created. 

Aim of the study: Determination of FCU muscle typology based on available fetal material.
Material and methods: A total of 114 human fetuses (53 female, 61 male) between 117 and 197 days 

of fetal life were eligible for the study. Preparations were carried out using classical anatomical techniques 
based on a previously published procedure. Thanks to that significant anthropometric landmarks were vis-
ible for the gathering of metric measurements. Metric measurements were taken and statistically analysed 
using R-Project software.

Results: A new typology was created based on variable muscle insertions. Additionally, the presence 
of an atypically located, additional, separated muscle belly was described. A comparison of measurements 
of the left upper limb in relation to the right upper limb showed significant differences for forearm length 
to the anthropometric point of the stylion radiale, limb length, total FCU length and FCU length which 
means that the left limb is longer than the right limb. A comparison of FCU insertion types between left 
and right upper limb showed there’s no significant difference between counts of each type.

Conclusion: The FCU is a muscle that is easy to palpate and may therefore act as a topographical marker for 
healthcare professionals. Knowledge of its variability is not only of theoretical importance but also has clinical sig-
nificance. The current publication demonstrates presence of variability in FCU terminal attachment. Certainly, this 
topic requires further research and continued work on a detailed understanding of forearm anatomy in the fetal period.
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Introduction

The Flexor Carpi Ulnaris (FCU) is one 
of the important muscles of the forearm 
(Kreulen et al.  2004). Anatomically, it 
is a  part of the palmar forearm muscle 
group. It is located medially in the super-
ficial layer of the forearm muscles (Budoff 
et al. 2005). The proximal attachment of 
the muscle is based on two heads – the 
humeral head, which begins on the me-
dial epicondyle of the humerus, and the 
ulnar head, the origin of which is located 
on the posterior wall of the olecranon. 
It is worth noting that the initial part of 
the muscle is also closely connected with 
the surrounding fascia of the forearm. 
(Ziajkiewicz et al.  2010). The muscle 
passes downward, parallel to the flexor 
digitorum superficialis. Then it turns 
into a  long tendon attached to the pisi-
form and proximal part of hamate bone 
(Fridén et al. 2004). 

Physiologically, that muscle is respon-
sible for flexion and adduction of the hand 
at the radio-carpal joint. In addition, the 
humeral head supports the flexion at the 
elbow joint (Esplugas et al.  2016). The 
evolution of hominids ultimately led to 
the adoption by humans of an upright 
position. This lead to changed charac-
teristics of the fore limb. It lost its loco-
motor function and became an upper 
limb – a manipulative tool (Capdarest-Ar-
est et al.  2014; Marzke 1997; Skinner 
et al. 2015). The change in the function 
of this organ required some adjustment in 
the musculature of the limb. This became 
especially evident in the distal part of the 
limb – data clearly indicate the different 
dynamics of muscle development in the 
proximal and distal parts of the upper 
limb. The muscles of the forearm develop 
later in the embryonic period. This may 
contribute to greater variability in their 

terminal attachments as well as increased 
variation in the structure of the entire 
muscle (Bobzin et al. 2021; Giuliani Pic-
cari Scarpa et al. 1977; Guéro 2018). 

These assumptions are somewhat 
confirmed by observations from a num-
ber of “case-studies” that indicate the 
presence of a number of rare anatomical 
variations of FCU. Some of these are clin-
ically significant. For example, a  1992 
study showed a  case of FCU terminal 
tendon duplication leading to ulnar nerve 
dissection (al-Qattan, Duerksen 1992). 
In contrast, authors from the Czech Re-
public, for example, demonstrated the 
significant importance of additional de-
tached FCU fragments as a cause of in-
creased risk of iatrogenic complications 
(Kunc et al. 2019). Similar observations 
are also shown by authors from Australia 
(Ang et al. 2010).

On the other hand, on a large material 
of matures/senilis specimens, the authors 
showed a  relatively high stability of the 
FCU course (Loth 1931). The stability 
of the course and of proximal and distal 
attachments is emphasized by many au-
thors of papers from the late 19th and ear-
ly 20th centuries (Loth 1912; Wood 1867). 

The historical scientific data are 
somewhat at odds with the new liter-
ature reports indicating the presence of 
quite a lot of variability in FCU. 

This noticeable difference in the fre-
quency of FCU variation is perhaps the 
result of the microevolution process de-
scribed in the available literature (Kralik, 
et al. 2017; Pelletier and Coltman 2018). 
The result of the accumulation of single 
mutations as a cause of the observed var-
iability cannot be excluded either. Indeed, 
the available scientific data indicate that 
the neonatal genome currently contains, 
on average, more than 70 new mutations 
(Conrad et al. 2011).
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Therefore, in the opinion of the au-
thors of this paper, an analysis based on 
a larger number of cases is necessary. Re-
cent literature reports are mainly on the 
evaluation of single case – studies (Ata et 
al. 2018; Bhardwaj et al. 2013; Pressney 
et al. 2020; Yamamoto et al. 2021).

Based on the research data that 
were presented, an attempt was made 
to assess the anatomical variability of 
FCU. Due to very limited access to ca-
davers of adult individuals, it was decid-
ed to carry out such an analysis based 
on fetal material. In the past, a scientific 
team from our Unit has already carried 
out a metric assessment and evaluation 
of the growth dynamics of FCU (Ziajkie-
wicz et al. 2010).

However, the variability of the FCU 
has not been determined up to now, and 
no typology of the muscle has been cre-
ated based on its more variable terminal 
attachment.

It is worth noting that an additional 
but scientifically significant reason for 
the choice of such material is also the fact 
of a much later formation of the FCU in 
the fetal period, which may translate into 
the presence of greater variability in the 
structure of the muscle.

Aim of work

Determination of FCU muscle variations 
based on available fetal material.

Materials and methods

A  total of 114 human fetuses (53 fe-
male, 61 male) between 117.0 and 
197.0 (median 177.0) days of fetal life 
were eligible for the study. The material 
came from the fetal collection stored in 
the fetal laboratory of the Division of 
Anatomy. 

Basic metrics characterizing the 
study sample of fetuses are included in 
Table 1. 

Fetal material was obtained from lo-
cal gynecological clinics between 1960 
and 1996. The fetuses were from un-
planned preterm births or miscarriages. 
The course of delivery as well as the de-
cision to stop resuscitating the fetus was 
made by a medical team independent of 
the researchers. 

The fetuses were stored in a  dedi-
cated preservative fluid containing for-
maldehyde, ethyl alcohol and glycerol 
in fixed proportions. The material was 
stored in a darkened room – a specialized 

Table 1. Characteristics of the study sample of featuses

feature N min max SD 

age.morph.day 73 117.0 197.0 177.93

age.cal.day 67 68.0 254.0 166.63

arm.leng.R 114 32.9 68.2 54.97

arm.leng.L 114 32.9 68.3 54.82

for.leng.R 114 26.2 54.2 43.87

for.leng.L 114 26.2 57.8 44.27

Abbreviations: age.morph.day – featus morphological age in days; age.cal.day – featus calendar age in 
days; arm.leng.R – length of right arm, arm.leng.L – length of left arm; for.leng.R – length of right forearm; 
for.leng.L – length of left forearm; N – total number of individuals; min – minimal value in centimeters; 
max – maximal value in centimeters; SD – standard deviation
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laboratory with constant temperature 
and no exposure to light. The method 
of storing and preserving the material 
did not change throughout the period 
from the acquisition of the material to 
its use for scientific purposes (Karykow-
ska et al. 2021; Suchanecka et al. 2022; 
Ziółkowski et al. 1994).

Fetuses with apparent anatomical 
and developmental abnormalities and 
those without basic clinical and mor-
phological documentation were excluded 
from the study. Material with secondary 
damage and deformities due to improper 
storage was also excluded. The scientific 
value and reliability of the fetal collec-
tion has been confirmed in many pre-
vious scientific publications (Dudek et 
al. 2018; Gworys and Domagała 2003; 
Karykowska et al. 2022a; Karykowska et 
al. 2022b; Kędzia et al. 2022; Wozniak 
et al. 2019). 

The study was conducted between 
October 2020 and March 2022. Prepa-
rations were carried out using classical 
anatomical techniques based on a  pre-
viously published scheme of procedure 
(Suchanecka et al. 2022). It was based on 
removing the skin and subcutaneous tis-
sue, then gaining full access to the fascia 
of the forearm to cut it and open the an-
terior compartment.

The next aim of the dissection was to 
make significant anthropometric points 
visible for the gathering of metric meas-
urements. 

A  detailed dissection of the Flexor 
Carpi Ulnaris muscle was then carried 
out (shown on Figure  1), so that the 
planned metric measurements could be 
carried out in a reproducible and reliable 
manner. In the final stage of the study, 
the location of the initial attachment as 
well as the end attachment of the muscle 
was assessed in order to classify the in-
dividual case into the typology that had 
been created earlier. 

The phases of the scientific work were 
documented with schematic figures and 
standard photographs. Photographs were 
taken with a digital system from Tagarno 
Prestige (Tagarno Innovision A/S, Den-
mark) and with a  Sony Alfa 7II digital 
camera (Minato, Tokyo, Japan) stabi-
lised on a Manfrotto tripod (Vitec Group, 
Richmond,UK). Metric measurements 
were taken using a  Mitutoyo Absolute 
Digimatic digital calliper (Mitutoyo Cor-
poration, Kanagawa, Japan). Each met-
ric measurement was taken three times 
by two independent observers (KS, MS) 
and an average was then calculated from 
the results, which formed the basis for 
further analysis. Statistical analysis was 

Fig. 1. Dissection stages of Flexor Carpi Ulnaris on fetal cadavers
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performed using R-Project software (The 
R Foundation for Statistical Computing, 
Vienna, Austria).

Statistical methods

Data of each fetus were obtained from 
two sources:
• continuous variables (31): a fetus’ re-

cord card: morphological age, calendar 
age, mass, v-pl, v-tub (vertex-plantar-
e,vertex-tuberale) and direct meas-
urements with a certifed and validat-
ed caliper: other 26 variables (13 for 
left and analogous 13 for right side of 
each specimen); 

• categorical variables (3): a  fetus’ re-
cord card or a direct observation (sex) 
and a type of insertion of FCU on left 
and right upper limb.

A significance level of α = 0.05 was 
assumed. All collected numerical val-
ues were summarized using: mean, me-
dian, min, max and 95% CI for mean. 
A  Shapiro-Wilk test was performed for 
each variable in order to check if it is 
normally distributed. The same calcu-
lations were performed after dividing 
the data into two groups: females and 
males. A  comparison between sexes 
was done with a  Mann-Whitney test 
(because most of the variables were not 
distributed normally). Measurements 
of the left upper limb were compared 
against measurements of the right up-
per limb using Wilcoxon signed rank 
test. Linear regression coeffcients be-
tween respective variables of left and 
right side were also calculated. We did 
not assume a priori any correlations in 
each pair of 31 numeric variables: our 
aim was to find such. For each unique 
pair of collected variables a scatter plot 
with a linear regression line was gener-

ated. The number of created plots was 
large: The entire study protocol was ap-
proved by the local bioethics committee 
(KB167/21).

Results

Based on the conducted analysis, a new 
typology was created, due to muscle in-
sertion.
Type1 – insertion to pisiform bone 
Type 2 – insertion to 4th metacarpal bone

2a – inserted medially
2b – inserted laterally

Type 3 – insertion to 5th metacarpal bone
3a – inserted medially
3b – inserted laterally

Type 4 – insertion to flexor retinaculum
Exact appearance of every mentioned 

type is shown on Figure 2.
Additionally, in individual cases, the 

presence of an atypically located, addi-
tional, separated muscle belly located un-
der the main FCU mass, running from 
the area of the medial epicondyle of the 
humerus to the pisiform bone was de-
scribed.

It has been shown that in the most 
cases type 1 is dominant. Other types 
occur with a statistically lower frequency 
than type 1 – shown on Table 2. 

Table 2. Frequency of different types of FCU due to 
its distal attachment

Type 
variation

Left Right

Frequency % Frequency %

Type 1 78 68.42 81 71.05

Type 2a 6 5.26 7 6.14

Type 2b 9 7.89 8 7.02

Type 3a 11 9.65 7 6.14

Type 3b 7 6.14 9 7.89

Type 4 3 2.63 2 1.75
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Numerical variables 

For the most of numerical variables Shap-
iro-Wilk tests rejected the null hypothe-
sis that a variable is normally distributed. 
However, interestingly, this does not ap-
ply to female fetuses in which for about 
a half number of variables the normality 
test failed to reject the null hypothesis. 
We do not know any plausible explana-
tion. Further statistical tests rejected the 
hypothesis that there is a difference be-
tween females and males for each of 31 
numerical variables.

Comparisons of the left upper limb 
measurements versus the right upper 
limb showed significant differences 
for: forearm length to stylion radiale 
anthropometric point, the length of 
the hand the total length of FCU and 

length of FCU belly. For each measure-
ment pair of the analogous quantities in 
left and right upper limb a scatter plot 
with an added linear regression line was 
created. Almost all plots (12 out of 13) 
showed a significant, strong (r > 0.85) 
positive linear relationship; in 10 out of 
13 plots the coefficient r was greater or 
equal to 0.90. Only the relationship be-
tween FCU tendon length (left vs right) 
was moderate (r = 0.50), which can 
be easily explained by an overly vague 
definition of how this measurement 
should be performed. Our attempt to 
find meaningful relationships between 
other quantities was successful. From 
465 analysed pairs of variables, we 
found 44 pairs which showed a  statis-
tically significant strong positive linear 
relationship. What is interesting and 

Fig. 2. Exact appearance of each mentioned Flexor Carpi Ulnaris type
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unexpected for us is that among these 
44 relationships, there is only one in 
which the fetus’ mass is present and 
only one which considers the fetus’ age. 
For categorical variables the chi-square 
tests rejected, with an ifinitesimaly low 
p-values, that types of FCU insertions 
are equally distributed, both in left and 
right upper limb. 

A comparison of FCU insertion types 
between left and right upper limb showed 
there is no significant difference between 
counts of each type. This statement 
holds also for males and females consid-
ered separately. 

Discussion

The ulnar specific pathway formed by 
the FCU but also the flexor digitorum 
profundus as well as the flexor digitorum 
superficialis is ‘used’ by the ulnar vessels 
and nerves as a  pathway from the hu-
mero-ulnar joint area towards the hand 
(Grechenig et al. 2000).

The FCU is a muscle that is easy to 
palpate and may therefore act as a  top-
ographical marker for healthcare profes-
sionals in the search for local neurovas-
cular bundle. Some researchers suggest 
that the FCU is an important anatomical 
landmark for surgeons and ultrasonogra-
phers. Knowledge of the variability of the 
terminal segment of this muscle is there-
fore not only of cognitive importance but 
also of profound clinical significance (Mi-
zia et al. 2021).

Due to the limited access to anatomi-
cal specimens of adults, there was a strong 
need to look for alternative sources of bio-
logical material (Ghosh 2017; McCumber 
et al. 2021). Fetal collections assembled in 
many anatomical laboratories in the 19th 
and 20th centuries could be such a source 
(Rohan et al. 2019). 

In Poland, due to the high fertility rate 
and, at the same time, the underfunding 
of health care during the communist 
period between 1960 and 1990, the De-
partment of Anatomy was enriched with 
a  collection of genetically defect-free fe-
tuses. This material is unique. The so-
cio-economic progress and advances 
in medical science have resulted in low 
mortality rate of fetuses and newborns 
in Poland today (Krzyżak et al.  2014; 
Troszyński et al.  2009; Wiśniewski 
et al. 2019).

The fetal material, due to its much 
smaller size, is easier to store. Thus, it 
is possible to collect a  large number of 
foetuses, which increases the chances of 
conducting a reliable statistical analysis 
of the results and conducting research 
on a  relatively large study material. In 
the case of the study described here, an-
atomical analysis was carried out using 
114 fetuses from the local anatomical 
collection. 

It showed a  stable course of FCU, 
which is consistent with the standard 
textbook description. The initial attach-
ment in all cases is typical and the termi-
nal tendon attaches in a standard man-
ner in most cases. 

Similar observations are shown by 
Loth and Wood evaluating FCU on adult 
material (Loth 1931; Wood 1866).

It should be noted, that the current 
publication demonstrates the presence 
of variability in FCU terminal attach-
ment. Various types of the distal attach-
ment and their percentages are shown 
on Figure 3.

An interesting novelty compared to 
previous studies was the demonstration 
of the presence of a  statistically signif-
icant difference in selected bilateral 
measurements with a statistically signif-
icant difference in favor of the left upper 
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limb. Due to the established measure-
ment procedure – two independent re-
searchers take the same measurements 
three times and the average of all these 
measurements is included in the analy-
sis – the authors are of the opinion that 
the differences shown are not a result of 
measurement errors. It is worth noting 
that the individual researchers did not 
have access to data collected by the sec-
ond author. 

Similar differences were shown in the 
work concerning the flexor carpi radialis 
(Suchanecka et al. 2022).

A relationship between the variation 
shown and intrauterine limb develop-
mental limitations or atypical response 
to the preservative material used or spe-
cific fetal developmental disorders can-
not be excluded either. There are hypoth-
eses in the literature that suggest that 
the lateralization process of the brain is 
initiated already in fetal life, which may 
indirectly explain the demonstrated dif-
ferences.

However, other factors related to hu-
man evolution must be taken into ac-
count. For example, Saniotis et al. (2021) 
point out that the directional factors of 
evolution are mutations and natural se-
lection. According to the authors of this 

publication, it cannot be excluded that 
the observed variation in selected mus-
cles is the result of a single mutation that 
disrupts or alters the process of fetal de-
velopment. 

It has been proved in the case of mus-
cles that a reprogramming of gene tran-
scription is associated with remodeling 
of the contractile properties of the fibers 
(slow, fast fibers) and a remodeling of the 
metabolic profile of the muscle (Aleman 
et al. 2022; Baumert et al. 2018).

Whether single mutations can con-
tribute to increased variability in mus-
cle attachment - this question is diffi-
cult to answer unequivocally. Certainly, 
genetic disorders affect skeletal muscle 
function in animals in such a way that 
atypical-looking muscle fibers are formed 
(Yuan et al. 2021). Thus, it is possible to 
hypothesize a potential link between mu-
tations and muscle variability (Krämer 
et al. 2006).

You et al. (2022) conclude that mu-
tations are an inevitable consequence 
of the poor quality of the chemical 
bonds between the bases that make up 
DNA.  Their number is gradually in-
creasing in humans due to the species’ 
increased exposure to mutagenic agents 
as well as better health protection.

Distal attachment of left FCU Distal attachment of right FCU

Fig. 3. Various type of the distal attachment of Flexor Carpi Ulnaris
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Improving intrauterine as well as ex-
trauterine health care reduces the oppor-
tunity for natural selection to operate. As 
a result of reduced evolutionary pressure, 
the number of mutations and develop-
mental disorders are increasing - and this 
may also be translated into the observed 
higher variability and altered symmetry 
when compared to the past.

Certainly, this topic requires further 
research and continued work on a  de-
tailed understanding of forearm anatomy 
in the fetal period.

Limitations:
1. Limited access to material: due to 

limited access to good quality ana-
tomical specimens at ages younger 
than fetal day 117, it was not possi-
ble to perform an anatomical analysis 
linking the proposed typology to the 
age classes of the fetuses.

2. Method of preservation of the mate-
rial, which adversely affects selected 
fetal parameters.
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