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Abstract

Aim Chiasma tendinum (Camper’s chiasm) is of great importance in the delicate movements and stability of the fingers and
takes place poorly in the literature. This study aims to reveal the morphometric details of the chiasma tendinum in relation
with pulleys and other relevant structures.

Materials and methods Palm and 2nd to 5th fingers of 10 (6 male, 4 female) formalin fixed cadavers were used bilaterally.
After determining the superficial reference points on the fingers, the skin and the tendon sheath were incised, and then
measurements of chiasma tendinum and related tendons were performed. The measurements were analyzed with respect to
fingers, genders, and sides. Finally, the types of chiasma tendinum were identified and then grouped as symmetrical, asym-
metrical, and pseudo chiasm.

Results Pulley and chiasma tendinum positions were correlated with finger length (p <0.01). Pulley lengths were significantly
less in females. Asymmetrical chiasma tendinum types were found in 45% of the fingers. In most comparisons, values for
fifth finger were significantly different than that of other fingers and chiasma tendinum types differed according to fingers
and gender. The case of no fiber exchange was observed only in the 5th finger in 15%.

Conclusion Findings related to the prediction of location of the pulleys and chiasma tendinum according to the superficial
signs, awareness of cases where one of the two arms of the flexor digitorum superficialis is extremely thin and no fiber
exchanges that may be risk factors for spontaneous tendon rupture may help provide more accurate approaches in relevant
clinical applications.
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Introduction branches to form a chiasm, finally each arm inserts to the

anterior aspect of medial phalanx. Four tendons of the flexor

Tendons of the flexor digitorum superficialis (FDST)
continue inside the tendon sheaths of 2nd-5th finger and
before attachment, each tendon of each finger splits into two
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digitorum profundus (FDPT) insert to distal phalanx without
further division and by passing between the two arms of
FDST [16, 19, 21]. In each finger, two arms of the FDST
exchange fibers before attachment, which is called chiasma
tendinum (CT), tendinous chiasm, or Camper’s chiasm [16,
19]. Variations are common, and were studied by Schmidt
et al. and Gonzalez et al. [7, 18].

Certain thickened parts of the tendon sheath surrounding
the FDST and FDPT are known as pulleys. The fact that the
fingers are highly mobile requires the support and flexibility
functions provided by the 5 annular pulleys (named as Al,
A2, A3, A4, and AS5) and 3 cruciform pulleys (named as C1,
C2, and C3). Annular pulleys are stronger and thicker (sup-
port function), whereas cruciform pulleys are more flexible
(elasticity function) and situated at the flexion points [16,
19, 21]. Although there are numerous studies on pulleys in
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the literature, the data analyzing the relationship of pulleys
with both superficial landmarks and CT are scant.

Surgical importance of the pulleys and CT are due to
their locations in the tender zone 2. Zone 2, known for its
inadequate arterial supply, was called “no man’s land” until
modern techniques were developed and surgeries in the area
were avoided [1, 4, 15, 21] The details of CT are of surgi-
cal importance, as some surgical procedures involve direct
manipulation of the flexor tendons, such as reconstructing
the A2 pulley using an arm of the CT [21]. It is known that
A2 and A4 pulleys should be protected to avoid “bowstring”
in hand surgeries [10, 21]. The relative and absolute posi-
tions of the pulleys and other related structures can contrib-
ute to the effectiveness of such surgeries and guide surgery
planing. Inconsistencies in the limited number of studies
in the literature on CT morphometry and distribution of its
types [7, 18] point to the need for further studies.

The aim of this study is to provide data on the morphom-
etry of CT and pulleys, and distribution of CT types in each
finger to understand the structural background of clinical and
functional variations in individuals. In addition, parameters
describing the position of the CT and pulleys according to
the superficial landmarks of the hand will help to estimate
the morphometrical features of the structures in deep layers
in a narrow surgical area such as finger.

Materials and methods

The study was approved by the Board of Ethics of Mersin
University (approval number is 2018/337). We dissected the
upper extremities of 10 formalin fixed cadavers (6 male, 4
female; aged between 45 to 86 years) in the inventory of
Mersin University, Faculty of Medicine, Anatomy Depart-
ment Laboratory. We used dissection microscope.

(Carl Zeiss, Carl Zeiss Meditec AG, Germany) digital
camera (Nikon D5200 18-105 mm) and digital caliper with
0.01 mm sensitivity (MARCAL 16 ER, Mahr, Gottingen,
Germany).

The reference points for measurements were set out in
three layers. Before dissections, measurements for superfi-
cial landmarks (palmar creases) were completed. Secondly,
after longitudinal incision of the skin, the pulleys were
exposed and their proximal and distal borders were marked
with colored pins and the placement and width measure-
ments of pulleys were completed. For the third layer of dis-
section, the tendon sheath was cut longitudinally. Accord-
ing to the classification modified mainly from Schmidt et al.
[18], the CT type was determined, and then the reference
points for CT measurements were carried out.

The list of parameters with their abbreviations are as
follows:
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A. Relation of superficial landmarks (creases)
with finger tip

FT-DPC: fingertip—distal interphalangeal crease distance;
FT-PPC: fingertip—proximal interphalangeal crease (in cases
with one wide or double crease, the middle point was used);
FT-PDC: fingertip—palmar digital crease distance (in cases
with one wide or double palmar digital creases, only proxi-
mal border was used);

FT-IPC: fingertip—interpalmar line distance (interpalmar line
was defined as the line joining the ulnar origin of the distal
palmar crease and the radial origin of the proximal palmar
crease. [22]).

FT-WC: fingertip—wrist crease distance.

B. Placement of pulleys according to finger tips

FT-A5D: fingertip—distal border of the A5 pulley (Since A5
pulley is quite short, no measurement was made from the
proximal border);

FT-A4D: fingertip—distal border of the A4 pulley;

FT-A4P: fingertip—proximal border of the A4 pulley;
FT-A3D: fingertip—distal border of the A3 pulley (since A3
pulley is quite short, no measurement was made from the
proximal border. This point was fixed with a pin before the
tendon sheath was dissected.);

FT-A2D: fingertip—distal border of the A3 pulley (this
point was fixed with a pin before the tendon sheath was
dissected.);

FT-A2P: Fingertip—proximal border of the A2 pulley;
FT-A1P: Fingertip—proximal border of the A1 pulley;
FT-A1D: Fingertip—distal border of the A1 pulley.

C. Morphometry of pulleys

A4L: A4 pulley length (distance between the distal and
proximal borders of the A4 pulley);

AA4T: A4 pulley thickness;

A3L: A3 pulley length (distance between the distal and
proximal borders of the A3 pulley);

A2L: A2 pulley length (distance between the distal and
proximal borders of the A2 pulley);

A2T: A2 pulley thickness;

A1L: Al pulley length (distance between the distal and
proximal borders of the A1l pulley);

CI1L: C1 pulley length (distance between the distal and
proximal borders of the C1 pulley);

C2L: C2 pulley length (distance between the distal and
proximal borders of the C2 pulley);

C3L: C3 pulley length (distance between the distal and
proximal borders of the C3 pulley).
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D. Morphometry of radial and ulnar arm of FDST
and FDPT

FDST-RW: width of radial side of the two terminal tendons
of FDST after CT.

FDST-RT: thickness of radial side of the two terminal ten-
dons of FDST after CT.

FDST-UW: width of ulnar side of the two terminal tendons
of FDST after CT.

FDST-UT: thickness of ulnar side of the two terminal ten-
dons of FDST after CT.

FDPT-T: FDPT thickness was measured at the level of the
proximal border of the A1 pulley.

FDPT-W: FDPT width was measured at the level of the
proximal border of the A1 pulley.

E. Location of CT, radial, and ulnar insertions
point of the FDST

D1: distance from the proximal point of the CT to the proxi-
mal point of the ulnar insertion of FDST;

D2: distance from the proximal point of the CT to the proxi-
mal point of the radial insertion of FDST;

D3: distance from the proximal point of the CT to the distal
point of the ulnar insertion of FDST;

D4: distance from the proximal point of the CT to the distal
point of the radial insertion of FDST;

D5: distance between the proximal and distal points of the
ulnar insertion of FDST;

D6: distance of the proximal and distal point of the radial
insertion of FDST;

D7: closest distance between the radial and ulnar insertion
points of the FDST;

D8: distance between the proximal and distal borders of the
CT;

D9: width of the CT (measured as the transverse distance
where fiber exchanges crossed each other; It was not meas-
ured for CT type 9G);

H-FDST R: proximal border of tendinous hiatus—radial
insertion point of FDST (ulnar insertion was mostly paral-
lel to radial insertion, thus only one (radial) insertion was
chosen as distal end);

H-C: upper border of the tendinous hiatus—proximal point
of the CT.

F. Relation of CT with A2 and A4 pulleys

A2D-H: distal border of the A2 pulley—upper point of the
tendinous hiatus;

A2D-C: distal border of the A2 pulley—proximal point of
the CT;

A4P-H: proximal border of the A4 pulley—upper point of the
tendinous hiatus;

A4P-C: proximal border of the A4 pulley—proximal point of
the CT distance.

G. Classification of CT

Gonzalez et al. and Schmidt et al. defined chiasm classi-
fications [7, 18]. In this study, mainly the classification of
Schmidt et al. [18] was adopted, but only ‘type 9° from the
classification of Gonzales et al. was added [7]. The types in
the classification are shown in Fig. 1.

Statistical analysis

The parameters were compared between fingers (fingers
2,3,4, and 5), sexes (female and male) and sides (left-hand
side and right-hand side). Each group (e.g., for compari-
sons between fingers, each of the four groups) was tested for
normality with Shapiro—Wilk test or Kolmogorov—Smirnov
test, depending on the dataset size before comparison. Dif-
ferences among the fingers were evaluated by ANOVA, and
then Bonferroni test was used for post hoc analyses. The dif-
ference between the genders was evaluated using Student’s
t test for normally distributed groups and Mann Whitney U
for non-normally distributed groups, while the difference
between the sides was evaluated using the Paired ¢ test and
Wilcoxon test, respectively. Statistical significance threshold
for comparison was taken as p <0.05. Correlations among
the parameters were analyzed by Pearson’s correlation test.
Statistical significance threshold for correlation was taken
as p<0.01.

Results

Descriptive statistics of parameters for each finger and cor-
responding ANOVA analysis results are shown in Table 1.
Descriptive statistics and comparison for genders are shown
in Table 2. The main findings are summarized below.

(a) Relations to superficial landmarks:

¢ Findings about the location of superficial landmarks
(creases) to the fingertip were as follows: There was
almost no difference in the superficial parameters among
the 2nd, 3rd and 4th fingers (except comparison between
2nd and 3rd fingers in terms of the fingertip—interpalmar
line distance) (Table 1). There was almost always a sta-
tistically significant difference between the values the 5th
finger and that of other three fingers (except comparison
between 2nd and 5th fingers in terms of the fingertip—dis-
tal interphalangeal crease distance). This finding might
be a reflection of the similar lengths of the 2nd—4th fin-
gers. In addition, in all of the superficial parameters, it
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Type 9

Type 1
38.75% 2.50%

Type 2 Type 3 Type 4 Type 5 Type 6

Type 7
38.75% 7.50% 0.0% 1.25% 1.25% 6.25% 3.75%

Type 8

Fig. 1 Distribution of CT types (a newly drawn combined and modified version of Schmidt et al. and Gonzalez et al.’s works)

was observed that the values were significantly greater e FDST and FDPT morphometric parameters (i.e., width

in males than in females (p < 0.05) (Table 2).

When the fingers were compared in terms of distance to
the fingertip parameters for pulley and CT, significant
differences were found most frequently between the 5th
finger and the others; and less frequently, between the
2nd finger and the others. In all parameters, 3rd and 4th
finger values were similar (p > 0.05). (Table 1).

No significant difference was found for any parameter
between the sides.

(b) Placement and morphometry of pulleys:

Thickness of the A2 and A4 pulleys were similar between
the fingers and in gender. In addition, the length of the
A2 and A4 pulleys is significantly less in females than in
males, similar for the 2nd, 3rd, and 4th fingers, while less
in the 5th finger than in the others (p <0.05) (Tables 1
and 2).

The difference between genders was significant for the
parameters about the distances of pulleys to the finger-
tip, the pulleys’ position on the finger, the length of the
structures in CT region and length of the A2, A4, C1, and
C2 pulleys (p <0.05). However, there was no significant
difference between the genders in parameters related to
the width or thickness of the tendons and thickness of the
pulleys.

(c) Morphometry of FDST and FDPT:
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and thickness of FDPT and ulnar—radial arms FDST),
values for 5th digit were significantly less than at least
one of the fingers (p <0.05); whereas values of the other
fingers were mostly similar—except for one parameter
(Table 1).

Eleven of the 15 parameters of CT and FDST morphom-
etry were similar in male and female. Parameters for dis-
tance between the distal point of the CT and distal point
of the ulnar insertion, distance between the proximal and
distal points of the ulnar insertion, distance between the
two distal points of insertion and for width of the CT
were significantly larger in male than in female. Some
parameters related to CT morphometry (parameters
regarding footprints of the radial and ulnar insertion
of FDST, i.e., D5-D7) were similar among the fingers
(Tables 1 and 2).

(d) Classification, location and relationship of CT with

the pulleys:

¢ Pulley and CT positions were found to change according

to finger size (FT-PDC column of the Table 3) (p <0.01).
The high correlation between pulley position parame-
ters and superficial parameters can be expressed as the
pulley position changes in parallel with finger length.
Accordingly, in cadavers with longer fingers, pulleys are
expected to be farther from the fingertip. The fact that
thickness and length parameters of A2 pulley and A4
pulley do not correlate with superficial parameters and
pulley position parameters on the finger is a finding that
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Table 1 Descriptive statistics of the measurements [mean + SD or median (25th—75th percentiles)] and the results of ANOVA
Main topic Parameters Finger 2 (mm) Finger 3 (mm) Finger 4 (mm) Finger 5 (mm) P
A. Relation of superficial FT-DPC 24.03+2.44 25.10+£2.22 24.83+2.17 22.76+£2.04 % <0.01
landmarks (creases) with  FT-ppC 40.39+3.74 43.71+4.69 43.40 (34.39-72.79) 35.78+3.82 % <0.01
finger tip FT-PDC  59.66+5.88 64.59+5.87 60.80+4.92 50.72+6.87 <0.01
FT-IPC 82.51+8.12° 92.71+9.45 87.98 +7.45 70.51 (57.33-102.75) ®  <0.01
FT-WC 151.03 + 14.60 159.73+14.14 148.51+13.16 127.04 (57.18-166.56) *  <0.01
B. Placement of pulleys FT-A5D 17.32+3.38 18.26+2.93 18.80+3.70 15.29+2.89 <0.01
according to fingertips FT-A4D 26.00 +3.40% 29.21+2.80 29.35+2.96 23.20+3.45 ¢ <0.01
FT-A4P 34.54+2.94 36.93+3.12 36.93+3.16 30.32+4.12 2 <0.01
FT-A3D 41.59+4.11% 45.87+4.49 45.14+3.75 35.43 +3.53 o <0.01
FT-A2D 53.05+5.84 57.66 +6.85 57.11+4.87 46.55 (30.82-70.18) **  <0.01
FT-A2P 71.57+8.88° 79.55 +8.35 75.91+6.98 60.30 (26.60-73.82) *  <0.01
FT-A1P 77.52+10.64° 88.92+9.41 83.78 +10.66 66.90+7.75 ¢ <0.01
FT-A1D 74.20 +9.06° 81.85+8.40 76.16 (69.85-99.87) 64.60 +6.97 2 <0.01
C. Morphometry of pulleys ~ A4L 8.36 (4.73-16.49)  8.80+2.31 7.96+1.41 6.75+£1.49 % <0.01
A4T 0.40+0.16 0.46+0.14 0.45+0.16 0.36 (0.12-0.87) 0.66
A3L 2.67+0.62 3.01 (2.57-5.45)  3.18+0.97 2.87+1.03 0.14
A2L 19.75 (6.80-26.67)  22.09+2.43 19.52+3.59 15.18 £3.70 ¢ <0.01
A2T 0.47 +£0.20 0.60+0.22 0.43+0.16 0.45+0.18 0.04
AlIL 8.27+3.19 9.49+3.94 10.27 +2.66 7.19+1.88 0.01
CIL 8.67+2.74 9.38+3.31 8.91+£2.44 7.74£2.64° 0.33
C2L 7.35+2.32 8.30 (5.53-16.57)  7.69 (4.22-17.56)  6.12 (3.41-12.62)" 0.02
C3L 6.25+1.64 739 (4.61-16.43)  8.03+2.42 5.70+1.71% <0.01
D. Morphometry of FDST ~ FDST-RW  2.71+0.61 3.07+0.73 2.25 (1.06-9.11) 1.74 +0.47% <0.01
radial and ulnar armand ~ FpST-RT ~ 0.70+0.22° 0.89+0.22 0.73+0.19 0.52+0.17" <0.01
FDPT FDST-UW 2974054 2.9240.69 2.62+0.59 2,03 +0.58" <001
FDST-UT  0.70 (0.25-1.63) 0.88+0.30 0.72+£0.22 0.40+£0.18%° <0.01
FDPT-T 1.98 (1.46-3.20) 2.16+0.59 1.96+0.48 1.46 (1.06-4.69)° 0.04
FDPT-W 4.88 (3.82-7.67) 5.48+0.97 5.29+0.99 4.11+1.21%¢ <0.01
E. Location of chiasm, Dl 16.87 +4.21 16.04 (7.15-19.99) 15.96+3.31 12.73 +2.95% <0.01
radial, and ulnar insertions - pp 17.24+4.10 15.91+3.41 15.58+2.98 12.73 +2.99% <0.01
point of the FDST D3 14.16+3.70 14.03+2.64 1479 (11.61-26.58) 10.47 (7.67-18.74) <001
D4 13.69+3.61 14.30+2.35 15.60+2.69 11.27 +£2.56 <0.01
D5 8.08+3.12 9.09+2.00 8.27+1.64 6.99+1.99 0.07
D6 7.64+1.89 9.18+2.06 7.89+1.89 7.45+2.42 0.06
D7 3474122 3.82(2.54-7.87)  3.44(2.04-1024)  3.31+0.88 0.26
D8 9.62+3.19 9.84+291 7.15+1.56® 7.12+3.12° <0.01
D9 5.58+1 6.43+0.97 5.69+1.10 472 +0.89° <0.01
H-FDSTR  26.78+4.50 31.65+5.04 28.81+4.19 23.01 (18.44-3441)*  <0.01
H-C 10.95+2.51 13.94 (9.13-22.43) 13.25+3.45 11.66+3.79 0.56
F. Relation of chiasm with ~ A2D-H 9.31+3.27 10.17+5.02 9.75 (0.00-115.58)  9.66 (2.16-28.50) 0.34
A2 and A4 pulleys A2D-C 276 (0.00-11.13)  5.54+4.26 3.93+3.01 2.51 (0.00-21.60) 0.34
A4P-H 27.77 (19.64-62.47) 32.90 (9.34-40.29) 29.35+5.25 25.80+7.30 0.18
A4P-C 17.46+3.76 18.76 14.62-37.15) 17.79 (12.19-34.38) 15.87+4.94 0.08

ab<Difference in pairwise comparison by Bonferroni with fingers 2, 3, and 4 are marked as (%), ®), and (), respectively (n=20)

may be of surgical importance. The significant correla-
tion between the width of the CT and the distance of
both the proximal and distal borders of A2 pulley tothe e

fingertip is also remarkable (r=0.66, r=0.63, respec-
tively, p <0.01)
Frequencies of CT types with respect to fingers, sexes

and sides were given in Table 4. Figure 1 shows the fiber
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Table 2 Comparison (mm) of genders for all measurements [mean + SD or median(25th—75th percentiles)]

Male (n=48) Female(n=32)

A. Relation of superficial landmarks (creases) with finger tip FT-DPC** 2498 +2.50 22.97+1.60
FT-PPC* 41.70+4.68 38.49 (29.27-72.79)
FT-PDC** 61.78 (34.62-75.77) 55.30+7.02
FT-IPC** 87.80+10.79 78.05+10.05
FT-WC** 153.94+15.81 139.80 (57.18-172.80)

B. Placement of pulleys according to fingertips FT-A5D 17.74+4.06 16.94+2.38
FT-A4D** 28.20 (17.33-33.94) 25.58+3.48
FT-A4P* 36.72 (23.33-41.84) 3337+3.78
FT-A3D** 43.79+5.29 39.34+5.34
FT-A2D** 56.84+6.51 48.94+6.69
FT-A2P** 76.01+£9.46 68.22 (26.60-82.15)
FT-A1P** 83.65+11.38 73.81+12.13
FT-A1D** 78.34+10.38 69.69+7.96

C. Morphometry of pulleys A4L* 8.04 (4.05-16.49) 7.96+1.65
AAT 0.41 (0.17-0.82) 0.42+0.17
A3L 2.98+0.87 3.00+0.90
A2L** 20.12+4.11 17.23+3.84
A2T 0.41 (0.13-0.91) 0.49+0.18
AlL 8.45+3.08 9.34+3.38
C1L* 9.39+3 7.60+£2.24
C2L* 7.98 (3.41-17.56) 6.64 (3.75-16.57)
C3L 6.41 (3.08-16.43) 6.80+1.90

D. Morphometry of FDST radial and ulnar arm and FDPT FDST-RW 2.53+0.82 2.48 (1.06-9.11)
FDST-RT 0.74+0.25 0.67+0.21
FDST-UW 2.67+0.70 2.59+0.72
FDST-UT 0.71+£0.32 0.63 (0.17-1.63)
FDPT-T** 2.03 (1.18-4.69) 1.64+£0.40
FDPT-W#* 538+1.12 4.40+£0.95

E. Location of chiasm, radial, and ulnar insertions point of the FDST D1 16.07 +£3.69 14.48 +3.46
D2 16.14+4.06 14.46£3.03
D3* 14.06 (8.86-26.58) 12.90+£2.98
D4 14.28 +3.40 13.11+£2.84
D5** 8.78 £2.44 7.22+1.94
D6 8.38+£2.47 7.53 (3.57-9.86)
D7* 3.87 (1.64-10.24) 3.27+£0.84
D8 8.33+£3.35 8.71+2.52
D9** 6.14+1.03 4.90+0.93
H-FDST R 28.32+£5.07 27.34+£5.62
H-C 13.55+3.80 12.05+£3.65

F. Relation of chiasm with A2 and A4 pulleys A2D-H 9.79 (0.00-115.58) 10.28 +4.35
A2D-C* 4.39 (0.00-21.60) 2.28 (0.00-11.15)
A4P-H* 30.61 (9.34-62.47) 27.41+£5.19
A4P-C 18.38 (8.18-37.15) 16.99+3.44

*p value <0.05
**p value < 0.01

exchange patterns corresponding to each CT type and the
corresponding frequencies found in this study. Figure 2
(a-f) displays the well-exposed fiber exchanges and chi-
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asm types of the study. Chiasm types with considerable
bidirectional fiber exchange between the two branches of
the FDST (types 1, 2,4, 5, 6 and 7) as “symmetrical chi-
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Table 3 Correlation between Parameters  FT-DPC FT-PPC FT-PDC FT-IPC FT-WC
the parameters for pulley
position and position of the r P P r )4 r p r p
superficial landmarks by
Pearson’s correlation test FT-ASD 0.27 0.02 0.30 <0.01 0.35 <0.01 025 0.02 039 <0.01
FT-A4D 0.56 <0.01 0.60 <0.01 0.65 <0.01 048 <0.01 0.53 <0.01
FT-A4P 0.61 <0.01 0.60 <0.01 0.67 <0.01 045 <0.01 048 <0.01
FT-A3D 0.60 <0.01 0.63 <0.01 0.78 <0.01 0.60 <0.01 0.61 <0.01
FT-A2D 0.54 <0.01 057 <0.01 0.74 <0.01 054 <0.01 0.59 <0.01
FT-A2P 0.54 <0.01 0.58 <0.01 0.78 <0.01 0.60 <0.01 0.72 <0.01
FT-A1P 0.47 <0.01 0.60 <0.01 0.74 <0.01 0.58 <0.01 0.60 <0.01
FT-A1D 0.57 <0.01 057 <0.01 0.73 <0.01 0.51 <0.01 0.53 <0.01
Table 4 Frequencies of chiasm types with respect to fingers, genders, and sides
Type 1 (%) Type2 (%) Type3 (%) Typed (%) Type5(%) Type6(%) Type7 (%) Type8 (%) Type9 (%)
Finger 2 (N=20)  7(35.00) 0 (0.00) 6(30.00) 3 (15.00) 0 (0.00) 0 (0.00) 0 (0.00) 4 (20.00) 0 (0.00)
Finger 3 (N=20) 10 (50.00) 0 (0.00) 7 (35.00) 1(5.00) 0 (0.00) 1 (5.00) 1 (5.00) 0 (0.00) 0 (0.00)
Finger 4 (N=20) 14 (70.00) 1 (5.00) 5(25.00)  0(0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Finger 5 (N=20) 0 (0.00) 1 (5.00) 13 (65.00) 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00) 3 (15.00)
Male (N=48) 16 (33.33) 2 (4.18) 21(43.75) 4(8.33) 0 (0.00) 1(2.08) 1(2.08) 1(2.08) 2 (4.17)
Female (N=32) 15 (46.88) 0 (0.00) 10 (31.25) 2(6.25) 0 (0.00) 0 (0.00) 0 (0.00) 4 (12.50) 1(3.12)
Right (N=40) 12 (30.00) 2 (5.00) 19 (47.50) 3 (7.50) 0 (0.00) 1(2.50) 0 (0.00) 2 (5.00) 1(2.50)
Left (N=40) 19 (47.50)  0(0.00) 12 (30.00) 3 (7.50) 0 (0.00) 0 (0.00) 1(2.50) 3(7.50) 2 (5.00)
Total (N=80) 31(38.75) 2(2.50) 31(38.75) 6(7.50) 0 (0.00) 1(1.25) 1(1.25) 5(6.25) 3(3.75)

asm”, types with only one-sided fiber transfer from one
arm to the other (types 3 and 8) as “asymmetric chiasm”,
and the type where there is no fiber exchange between
the two arms (type 9) was described as “pseudochiasm”
(Fig. 1). The frequencies were found as 51%, 45%, and
4%, respectively.

e The fact that one of the two arms of the FDST in the 5th
finger was very thin and shallow, which was seen in two
cases, was noted as a variant case that may have clinical
significance (Fig. 3).

Discussion

Our findings about the morphometric details of the three
layers (the superficial landmarks (i.e., palmar digital creases
and fingertip), the tendon sheath (pulleys) and the flexor ten-
dons) on the palmar side of each finger, as well as the find-
ings about the relationships between the layers, differences
among the fingers and between the genders, were evaluated
in terms of contribution to hand surgery.

Clinical relevance of CT is especially prominent in zone
2 (and occasionally zone 1) hand surgeries. Repair of acute
flexor tendon injuries and flexor tendon reconstruction are

major examples of such surgical approaches [21]. It is rec-
ommended that pulleys are preserved during surgery, or
reconstucted to avoid cases, such as “bowstringing” [1, 3, 6,
10, 15, 20, 21]. One arm of the CT is used to reconstruct pul-
leys [21]. FDST lacerations distal to CT are more challeng-
ing to repair since each tendon attachment is notably weak
[21]. The morphometric properties of CT, presented in detail
in this study, may contribute to such surgical procedures.
Different pulley positions or lengths could require to
change primary incision location or to revise the surgical
procedure. In this regard, pulley-related morphological
comparisons between fingers and genders may be an addi-
tional input for hand surgeons, whereas studies comparing
genders are very limited in the literature. There have been
many studies on the pulley length, which is attributable to
its importance in hand surgery. The pulley length studies
present in the databases scanned and comparable with this
study, focused mainly on A1 pulley. Grincuk et al. measured
Al pulley length in 14 fresh-frozen cadavers with needle
palpation method and reported the following values; 5.0, 5.0,
4.1, and 3.7 mm for 2nd to 5th fingers, respectively [9]. The
boundary between Al pulley and A2 pulley, which are very
close to each other, can be difficult to distinguish without
direct exposure. Therefore, it is possible that the reason their
measurements are smaller than in ours might be due to the
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Fig. 3 Unusually thin (pseudo)
chiasm arm (right 5th finger of
a male). H: tendinous hiatus, A:
arm of chiasm. TS: longitudi-
nally cut tendinous sheat

differences in methods—i.e. dissection vs needle palpation,
rather than geographic origin differences.

Mallo et al. studied biomechanical properties of A2 and
A4 pulleys between genders for 2nd to 5th fingers and con-
cluded that the differences are not statistically significant
[13]. No significant difference was found in our study for A2
and A5 pulley thickness among the fingers, and the lengths
of the A2 and A4 pulleys are similar for the 2nd, 3rd and 4th
fingers (5th finger was smaller than the others). Those could
be the underlying morphological reason behind biomechan-
ics of A2 and A4 pulleys reported in the study of Mallo et al.
[13]. However, the fact that the A2 and A4 pulley lengths
are significantly smaller in female than in male in our study
contradicts with Mallo et al. [13].

Identifying relations between superficial landmarks and
deeper structures, and variations in pulley position could be
helpful for planning flexor tendon and tendon sheath sur-
geries. Fiorini et al. measured Al pulley (proximal edge)
to metacarpophalangeal crease distance, Al pulley length
and metacarpophalangeal crease to proximal interphalangeal
crease distance for 2nd to 5th fingers, and their findings are
in accordance with ours [5]. The findings of Watkins et al.
for A1l pulley (proximal edge) to interpalmar crease distance
are also similar to ours, except for the 3rd finger—which
may be due to an uncertainty in the definition of interpalmar
crease, which particularly concerns the level of 3rd finger
[22].

Gordon et al. conducted a study, to estimate the pulley
positions and determine optimal incision areas [8]. They
used predetermined superficial landmarks and relative posi-
tions instead of having a unique reference point (e.g. finger-
tip). Mayhew et al. found finger lengths and hand width to
be less in females than in males [14], shorter finger length in
females was in line with the findings of this study.

In our study, it is found that the pulley position changes
in parallel with finger length, and in the longer fingers, pul-
leys are farther from the fingertip. The fact that the thickness

and length parameters of A2 pulley and A4 pulley do not
correlate with superficial parameters and pulley position
parameters on the finger is a finding that may be of surgical
importance. On the other hand, the lengths of the A2 and A4
pulleys are similar for the 2nd, 3rd, and 4th fingers, while
the 5th finger is smaller than the others, and they are sig-
nificantly smaller in females than in males. The significant
correlation between the width of the CT and the distance of
the A2 border to the fingertip is also a remarkable finding of
this study. The average values and determinations revealed
in this study for each finger and gender regarding pulleys can
help in predicting the pulley position with better precision.

The differences observed in the frequencies of chiasm
types in the studies of Schmidt et al. and Gonzalez et al.
point to the abundance of variations in chiasm. Our study
and Gonzalez et al.’s results have similar findings, such as
Type 1 was the most frequent chiasm type for 2nd, 3rd, and
4th fingers. (37.5%, 57.5%, and 55% for fingers 2, 3, and 4,
respectively, in Gonzalez et al.’s study; 35%, 50%, and 70%
for 2nd, 3rd, and 4th fingers, respectively, in our study). On
the other hand, Gonzalez et al. reports the Type 1 in the 5th
finger as 22.5%, but we did not encounter Type 1 in the 5th
finger in our series. Type 4 and Type 10 in the Gonzalez’s
classification were not encountered in our study and also
in the study of Schmidt et al. We think that contradictions
cannot be explained solely by geographic origin differences
that too many variations of the chiasm may be responsible,
and studies with larger series are needed. [7, 18]

Pike et al. assumed chiasm to be of symmetrical morphol-
ogy and thus expected there to be no net torque in flexion
in coronal plane [17]. In this study, the asymmetrical types
were observed to be frequent enough to reach 45% (type
3 as 38.75% and type 8 as 6.25-45.00% in total), which
contradicts the assumption of Pike et al. and might have
clinical implications [17]. Asymmetrical chiasm types were
observed in less frequency in Schmidt et al.’s (19% in total)
and Gonzalez et al.’s (16% in total) study [7, 18].
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Type 9 (no fiber exchange) was observed only in the 5th
finger in our study (in 3 out of 20 5th fingers). This might be
a risk factor contributing to vulnerability of the fifth finger.
Additionally, some 5th finger chiasm arms were observed to
be much thinner than other fingers, sometimes to the degree
of being partially transparent. Figure 3 is an example of such
a case. Ulnar arm of the 5th finger FDST was found to be
narrower and thinner than 2nd, 3rd, and 4th fingers; radial
arm was found to be narrower than 2nd and 3rd fingers and
thinner than 3rd and 4th fingers. Li et al. reported FDPT
rupture in Sth finger without injury in a case report. They
considered chiasm to have a function similar to pulleys and
increase FDPT elasticity [12] which might in conjunction
with our type 9 chiasm findings explain spontaneous injury
in flexor tendons of 5th finger.

In earlier review about the tendon rupture, Boyes et al.
(1960) suggested the actual spontaneous ruptures to be
seldom (3 of 80 cases) [3]. Fourth finger tendon rupture
cases were found by Boyes et al. as the most frequent (30%)
and the fifth finger rupture cases were found as 16%. Boyes
et al. suggested such ruptures to be often followed by some
kind of specific vulnerability, that were in most of the cases
injuries, bone anomalies, or diseases. However, in a more
recent study on 50 spontaneous flexor tendon ruptures, Bois
et al. found 62% of the spontaneous ruptures in 5th finger
and blamed underlying conditions, such as vascular insuf-
ficiencies, trauma, and anatomic variations [2]. Bois et al.
emphasized more proximal variations (e.g. at insertion of
lumbricals, at wrist), but did not mention chiasm variations.
Lee et al. focused on 5th finger flexor tendon ruptures in
104 cases and concluded that truly spontaneous cases to
be less frequent than reported [11]. Lee et al. blamed joint
pathologies, tendon anomalies and similar conditions, while
regarded hypovascularity to be irrelevant [11]. Although
disagreement about the definition of “spontaneous” flexor
tendon rupture was evident, Sth finger flexor tendon rupture
was clearly reported as frequent in all of the three studies.
In this study, type 9 chiasm (no fiber exchange) was found
only in 5th finger and the arms of FDS was the thinnest and
narrowest, which might be a risk factor for the high tendon
rupture frequency of the 5th finger. Of course, further stud-
ies with clearer evidence are needed to confirm whether the
structural features described for the 5th finger play a role in
tendon rupture.

The limitation of the study is that although there are many
variations in each structure in the region, the number of
cadavers is limited. To generalize the statistically significant
results obtained from such a limited number with compre-
hensive morphometric evaluations, studies with larger series
taking into account age and geographic origin differences
are needed.

@ Springer

Conclusions

The morphometric properties of the three layers of each fin-
ger (creases, pulleys, and CT) and their relationships that are
revealed, may be helpful in operations requiring manipula-
tion of flexor tendons and in interpreting tendon ruptures.
Asymmetric chiasm types were 45% in this study, wether
they have tortion effect can be tested by future biomechani-
cal studies in fresh frozen cadavers.

Acknowledgements As all cadaver studies, this study would not be
possible without donors and their relatives who consented to a dona-
tion. We are grateful for their sacrifice in the name of the scientific
world. We would like to thank Scientific and Technological Research
Council of Turkey, TUBITAK and Justus Liebig University GieBen for
their support. We would like to thank Fahire Ovgu Elgin for her help
with the sketches.

Author contributions UD, ES, OB, MSY ZKO: project development,
data collection, data analysis, manuscript writing, manuscript editing.

Funding Open Access funding enabled and organized by Projekt
DEAL. This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. The cor-
responding author Ugur Din¢ was awarded "Scholarship for Graduate
Students" by TUBITAK.

Declarations
Conflict of interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Barthel L, Taleb C, Pereira A, Pruniéres G, Hendriks S, Facca S,
Liverneaux P et al (2016) Enlargement of the flexor pulleys by an
omega plasty: A study comparing the release of one or both sides
of the A2 and/or A4 pulley. Ann Chir Plast Esthet 61(2):117-121

2. Bois AJ, Johnston G, Classen D (2007) Spontaneous flexor tendon
ruptures of the hand: case series and review of the literature. J
Hand Surg Am 32(7):1061-1071

3. Boyes JH, Wilson JN, Smith JW (1960) Flexor—tendon ruptures
in the forearm and hand. J Bone Joint Surg Am 42A:637-646

4. Buonocore SD, Broer PN, Kaldany A, Sawh-Martinez R, Thom-
son JG (2012) The effects of Al pulley release after flexor tendon
repair in a cadaveric model. Plast Reconstr Surg 130(4):857-864

5. Fiorini HJ, Santos JB, Hirakawa CK, Sato ES, Faloppa F, Alber-
toni WM (2011) Anatomical study of the Al pulley: length and


http://creativecommons.org/licenses/by/4.0/

Surgical and Radiologic Anatomy (2021) 43:1623-1633

1633

10.

11.

12.

13.

location by means of cutaneous landmarks on the palmar surface.
J Hand Surg Am 36(3):464-468

Franko OI, Lee NM, Finneran JJ, Shillito MC, Meunier MJ,
Abrams RA, Lieber RL (2011) Quantification of partial or com-
plete A4 pulley release with FDP repair in cadaveric tendons. J
Hand Surg Am 36(3):439-445

Gonzalez MH, Nikoleit J, Weinzweig N (1998) The chiasma
of the flexor digitorum superficialis tendon. J Hand Surg Br
23(2):234-236

Gordon LA, Stone L, Gordon L (2012) Surface markers for locat-
ing the pulleys and flexor tendon anatomy in the palm and fingers
with reference to minimally invasive incisions. J] Hand Surg Am
27(5):913-918

Grincuk A, Bauzys K, Porvaneckas N, Uvarovas V, Rauba G,
Ryliskis S (2017) Identification of the location of the Al pulley
combining palpation technique with palm landmarks and percu-
taneous release of Al pulley with a 19-gauge needle: a cadaveric
study. J Orthop Surg (Hong Kong) 25(3):2309499017731631
Langer MF, Oeckenpohler S, Hartensuer R, Herrmann K,
Wieskotter B (2015) Ringbandrekonstruktion an der hand/[pul-
ley reconstruction in the hand]. Orthopade 44(10):757-766

Lee JS, McGrouther DA (2019) Are flexor tendon ruptures ever
spontaneous? A literature review on closed flexor tendon ruptures
of the little finger. ] Hand Surg Asian Pac 24(2):180-188

Li WY, Rommer E, Kulber DA (2013) Bilateral spontaneous
flexor digitorum profundus tendon rupture of the fifth digit: case
report and literature review. Hand (NY) 8(2):239-241

Mallo GC, Sless Y, Hurst LC, Wilson K (2008) A2 and A4 flexor
pulley biomechanical analysis: comparison among gender and
digit. Hand (NY) 3(1):13-16

14.

15.

16

17.

18.

19.

20.

21

22.

Mayhew TM (2012) Cross-sectional data on soft tissue morpho-
metry of the growing hand and fingers of dextral individuals 5-65
years old. J Anat 221(4):373-381

Mitsionis G, Bastidas JA, Grewal R, Pfaeffle HJ, Fischer KJ,
Tomaino MM (1999) Feasibility of partial A2 and A4 pulley exci-
sion: effect on finger flexor tendon biomechanics. J Hand Surg Am
24(2):310-314

Moore KL, Dalley AF, Agur AMR (2014) Clinically oriented
anatomy. Lippincot Williams & Wilkins, China

Pike JM, Gelberman RH (2010) Zone II combined flexor digito-
rum superficialis and flexor digitorum profundus repair distal to
the A2 pulley. J Hand Surg Am 35(9):1523-1527

Schmidt HM, Zhang SX, Zieseniss K (1994) Clinical anatomy of
the chiasma tendinum (camper) in the fingers. Clin Anat 7:65-71
Standring S, Borley NR, Collins P, Crossman AR, Gatzoulis MA,
Healy JC (2008) Gray’s anatomy: the anatomical basis of clinical
practice. Elsevier, London

Tang JB, Xie RG (2001) Effect of A3 pulley and adjacent sheath
integrity on tendon excursion and bowstringing. J Hand Surg Am
26(5):855-861

Wolfe SW, Pederson WC, Hotchkiss RN et al (2017) Green’s
operative hand surgery. Elsevier Limited, China

Watkins CJ, Zivaljevic N, Eberlin KR, Rivlin M, Mudgal CS
(2017) The relationship between the intercrease line and the Al
digital pulley: a cadaveric study. Hand (N Y) 12(3):297-300

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Morphological features of the chiasma tendinum and its relation with surface landmarks and pulleys: a cadaveric study
	Abstract
	Aim 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	A. Relation of superficial landmarks (creases) with finger tip
	B. Placement of pulleys according to finger tips
	C. Morphometry of pulleys
	D. Morphometry of radial and ulnar arm of FDST and FDPT
	E. Location of CT, radial, and ulnar insertions point of the FDST
	F. Relation of CT with A2 and A4 pulleys
	G. Classification of CT
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




