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Hand Surface Landmarks andMeasurements in the

Treatment of Trigger Thumb

Ronak M. Patel, MD, Brian J. Chilelli, MD, Andre D. Ivy, MD, David M. Kalainov, MD

Purpose To determine hand surface landmarks and measurements that may be useful in
localizing the A1 pulley and digital neurovascular structures in the treatment of trigger
thumb.

Methods We highlighted 4 surface landmarks in 20 adult cadaveric hands: the radial border
of the index finger, the ulnar border of the thumb, the thumb interphalangeal joint flexion
creases, and the thumb metacarpophalangeal joint creases. We injected the radial arteries
with red latex and dissected the thumbs.

Results The proximal margin of the A1 pulley was located an average of 0.3 mm proximal
(range, 3.2 mm proximal to 2.3 mm distal) to the most proximal metacarpophalangeal joint
flexion crease. The ratio of measurements from the thumb tip to the midpoint of the
interphalangeal joint flexion creases and from this point to the proximal margin of the A1
pulley averaged 1.1:1. The radial digital nerve crossed obliquely over the flexor pollicis
longus tendon and approached the proximal margin of the A1 pulley at a mean distance of
2.7 mm (range, 0–12.9 mm). The ulnar digital nerve was located deep to intersecting lines
drawn along the radial border of the index finger and the ulnar border of the thumb and
coursed parallel to the A1 pulley at a mean distance of 5.4 mm (range, 0–11.1 mm). At the
level of the A1 pulley, the digital arteries were positioned dorsal to the digital nerves, and
both nerves were located 1.0 to 4.2 mm from the skin surface.

Conclusions The findings from our study clarify hand surface landmarks in localizing the
thumb A1 pulley and digital neurovascular structures.

Clinical relevance Awareness of topographical landmarks in localizing the A1 pulley and
digital neurovascular structures and the relationships between the digital neurovascular
structures and the A1 pulley may improve the safety and efficacy of trigger thumb treatment.
(J Hand Surg 2013;38A:1166–1171. Copyright © 2013 by the American Society for Surgery
of the Hand. All rights reserved.)
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SUCCESSFUL TREATMENT OF trigger thumb may in-
volve a corticosteroid injection into the tendon
sheath or surgery to release the A1 pulley by

pen or percutaneous techniques.1,2 Both injection and
surgical intervention necessitate familiarity with the lo-
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cation and structural anatomy of the tendon sheath and
neurovascular structures.

The radial border of the index finger, the ulnar bor-
der of the thumb, and the flexion creases of the thumb
are easily identified topographical landmarks in the
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uninjured hand. Previous anatomical and clinical stud-
ies have evaluated the thumb metacarpophalangeal
(MCP) joint flexion creases and the dorsal prominence
of the first metacarpal head as surface landmarks for
localizing the A1 pulley.3–6 Authors have reported vari-
ability in the number of skin flexion creases in the
thumb, and the dorsal prominence of the first metacar-
pal head may be difficult to localize.4

We performed a cadaveric study to assess hand sur-
face landmarks as potential reference points in localiz-
ing the thumb A1 pulley. In addition, we measured
relevant portions of the thumb flexor tendon sheath and
determined the positions of the volar digital neurovas-
cular structures in relationship to the surface landmarks
and A1 pulley.

MATERIALS AND METHODS
We obtained 20 fresh-frozen hand specimens from 17
cadavers (11 men and 6 women) for this study, sec-
tioned at the midforearm level. The mean age of the
specimens was 75 years (range, 50–92 y). Normal
thumb length was confirmed in each specimen by a
continuous thenar arc, defined by an unbroken curvilin-
ear line between the thumb interphalangeal (IP) joint
flexion creases and the thenar crease of the palm with
the thumb adducted against the index finger.7 There
were 1 to 3 IP joint flexion creases, spanning a distance
of 2.4 to 8.6 mm, and 1 to 2 more widely spaced MCP
joint flexion creases, spanning a distance of 5.4 to 11.1
mm. All thumb joints were supple and without clinical

FIGURE 1: Hand surface markings with the thumb in extens
aligned index finger approximated 90°. The dotted line indicate
evidence of instability. Fluoroscopic images revealed
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underlying degenerative arthritis in the basal joints in 5
specimens.

We injected the radial artery of each specimen prox-
imal to the wrist flexion crease with red latex (Colum-
bus Chemical Industries, Inc., Columbus, WI) and al-
lowed the liquid to harden.8 We amputated the pulp of
the index finger to ensure penetrance of the substance
into the tips of the digits. The hand was placed supine
on a flat surface with the thumb and fingers extended,
so that the open angle between the extended thumb and
the neutrally aligned index finger approximated 90°.
The wrist was then flexed and the forearm rotated to
align the thumb vertically, with the palmar surface of
the digit facing the investigator (Fig. 1).

We drew a straight line from the tip of the thumb
pulp to the hook of hamate, bisecting the IP and MCP
joint flexion creases. The flexor pollicis longus (FPL)
tendon and tendon sheath normally project along a line
that bisects the IP joint flexion creases and the hook of
hamate with the thumb in radial abduction.9 We marked
4 surface landmarks with a pen: a line extending from
the radial border of the proximal phalanx of the index
finger to the volar surface of the thumb, a line extending
along the ulnar border of the thumb, the midpoint of the
thumb IP joint flexion creases, and the separate thumb
MCP joint flexion creases.

We made a longitudinal skin incision from the tip of
the thumb pulp to the hook of hamate along the de-
picted line. A small transverse skin incision was made
across the thumb pulp, intersecting with the distal end

so that the open angle between the thumb and the neutrally
planned incision from the thumb pulp to the hook of hamate.
ion
of the longitudinal incision. We carefully raised skin
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1168 TRIGGER THUMB LANDMARKS AND MEASUREMENTS
flaps medially and laterally with the aid of loupe mag-
nification, and exposed the FPL tendon and tendon
sheath (Fig. 2). We limited dissection and retraction of
soft tissues as much as possible, to avoid distorting the
anatomy.

We inserted needles through surface landmarks at
right angles to the palmar plane of the thumb proximal
phalanx and secured them upright in soft tissue. We
obtained the following measurements using a digital
caliper (Fig. 3): (1) the longitudinal and transverse
widths of the A1 pulley, (2) the longitudinal widths
of the variable annular and oblique pulleys, (3) the
distance between the distal margin of the A1 pulley and
the proximal margin of the variable annular pulley, (4)
the distance between the midpoint of the IP joint flexion
creases and the thumb tip, (5) the distance between the
midpoint of the IP joint flexion creases and the proxi-
mal margin of the A1 pulley, (6) the distance between
the proximal margin of the A1 pulley and a line ex-
tended proximally along the radial border of the index
finger, and (7) the distance between the proximal mar-
gin of the A1 pulley and the proximal MCP joint

FIGURE 2: Exposure of the thumb flexor tendon sheath and
neurovascular structures. RDNA, radial digital nerve and
artery; A1, A1 pulley; VA, variable annular pulley; O, oblique
pulley.
flexion crease.
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We performed further dissection to expose the radial
and ulnar digital nerves and arteries to the thumb. We
obtained the following additional measurements: (1) the
diameters of the radial digital nerve (RDN), the radial
digital artery (RDA), the ulnar digital nerve (UDN), and
the ulnar digital artery (UDA) at level of the A1 pulley,
(2) the distances of the RDN and the UDN from the
skin surface at the level of the A1 pulley, (3) the
distance between the proximal margin of the A1 pulley
and the proximal crossing point of the RDN over the
FPL tendon, (4) the distance between the proximal
margin of the A1 pulley and the distal crossing point of
the RDN over the FPL tendon, (5) the closest distances
of the RDN and the RDA from the A1 pulley, (6) the
closest distances of the UDN and the UDA from the A1
pulley, (7) the distance between the distal crossing of
the RDN over the FPL tendon and the midpoint of the
IP joint flexion creases, (8) the distance between the
distal crossing point of the RDN over the FPL tendon
and a line extended proximally along the radial border
of the index finger, and (9) the distance of the UDN
from intersecting lines drawn along the radial border of
the index finger and the ulnar border of the thumb.

Statistics

We recorded the measurements as means, standard de-
viations, and ranges. Ratios were calculated to deter-
mine the relationship between the midpoint of the IP
joint flexion creases, the thumb tip, and the proximal
margin of the A1 pulley.

RESULTS
Tables 1 and 2 list the measurements. There was a
distinct demarcation between the A1 pulley and the
variable annular pulley. The variable annular pulley
exhibited both transverse (12 specimens) and oblique (8
specimens) configurations, as recognized by others.10,11

The proximal margin of the A1 pulley was located
an average of 0.3 mm proximal to the most proximal
MCP joint flexion crease. The ratio of measurements
from the tip of the thumb to the midpoint of the IP joint
flexion creases, and from this point to the proximal
margin of the A1 pulley, averaged 1.1:1 (range, 0.8:1–
1.3:1).

The RDN passed over the FPL tendon at an oblique
angle in a proximal-ulnar to distal-radial direction. The
RDN approached the proximal margin of the A1 pulley
by a mean distance of 2.7 mm and was located an
average of 0.9 mm proximal to a line extended proxi-
mally along the radial border of the index finger.

At the level of the A1 pulley, both digital nerves

coursed parallel with the tendon sheath. The RDN was
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TRIGGER THUMB LANDMARKS AND MEASUREMENTS 1169
located a mean distance of 0.4 mm and the UDN was
located a mean distance of 5.4 mm from the radial and
ulnar margins of the A1 pulley, respectively. Both dig-
ital arteries were positioned dorsal to the digital nerves,
and both nerves were located 1.0 to 4.2 mm from the
skin surface at this level. The ranges for all of these

FIGURE 3: Illustration of hand surface landmarks and pertinent
oblique pulley.

TABLE 1. Structural Measurements

Structure Measurement (mm)

A1 pulley (longitudinal width) 6.2 � 0.9 (4.4–7.8)

A1 pulley (transverse width) 5.7 � 0.8 (4.4–7.8)

Variable annular pulley
(longitudinal width)

T: 5.8 � 1.7 (3.3–8.8)

O: 6.8 � 2.3 (4.0–9.9)

Oblique pulley (longitudinal width) 9.7 � 1.8 (7.5–13.8)

Diameter radial digital nerve 2.2 � 0.4 (1.5–2.8)

Diameter radial digital artery 1.1 � 0.3 (0.6–1.6)

Diameter ulnar digital nerve 2.6 � 0.7 (1.4–3.9)

Diameter ulnar digital artery 1.6 � 0.5 (0.8–2.6)

Data are presented as means, standard deviations, and ranges.
T, transverse pulley configuration; O, oblique pulley configuration.
measurements are included in Tables 1 and 2.
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DISCUSSION

Reports of open and percutaneous techniques in the
treatment of trigger thumb have shown generally good
outcomes and few adverse sequelae.12–15 However, in-
complete release of the A1 pulley, excessive release of
the tendon sheath distal to the A1 pulley, tendon lacer-
ation, and injury to the digital neurovascular structures
are recognized and potentially devastating complica-
tions of surgery.1,3,5,10–12,14,16–24 Corticosteroid injec-
tion into the princeps pollicis artery with resultant dig-
ital necrosis has also been reported.25

Hazani and Wilhelmi4 studied the location of the
thumb A1 pulley in relation to the MCP joint flexion
creases and found that the proximal margin of this
pulley was situated 1.0 � 1.5 mm proximal to the most
proximal MCP joint flexion crease. Jongjirasiri5 evalu-
ated the dorsal prominence of the first metacarpal head
as a landmark for the thumb A1 pulley and localized the
proximal margin of the pulley to within 2 mm distal of
a perpendicular line passing through the bony protuber-
ance.

Variable numbers of thumb MCP joint flexion
creases have been recognized,4 and the dorsal promi-

omic structures. A1, A1 pulley; VA, variable annular pulley; O,
anat
nence of the first metacarpal head can be difficult to
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1170 TRIGGER THUMB LANDMARKS AND MEASUREMENTS
localize. The proximal border of the A1 pulley was
located 0.3 � 1.3 mm proximal to the most proximal
MCP joint flexion crease in our specimens, similar to
the findings of Hazani and Wilhelmi.4 Relative to a line
extended proximally from the radial border of the neu-
trally aligned index finger, the proximal margin of the
A1 pulley was between 0 and 13.5 mm distally. Using
the midpoint of the thumb IP joint flexion creases, we
measured an average ratio of 1.1:1 in the distances
between this point and the thumb tip and the proximal
margin of the A1 pulley. An analogous flexion crease
ratio has proven effective in localizing the A1 pulley in
fingers, eliminating the variability in anthropometric
measurements between individuals.26,27

Hand surface landmarks were also useful in localiz-
ing the radial and ulnar digital nerves to the thumb. The
distal crossing point of the RDN over the FPL tendon
was located between 0 and 9 mm proximal to a line
drawn along the radial border of the index finger,
whereas the distance between the distal crossing point
of the RDN over the FPL tendon and the midpoint of
the IP joint flexion creases was more variable. The
UDN was situated almost immediately below intersect-
ing lines drawn along the radial border of the index

TABLE 2. Relationship Measurements

Relationship

Proximal margin A1 pulley to index finger border

Proximal margin A1 pulley to proximal MCP flexion crease

Proximal margin A1 pulley to proximal crossing of RDN
over FPL tendon

Proximal margin A1 pulley to distal crossing of RDN over
FPL tendon

Distal crossing of RDN over FPL tendon to midpoint IP
flexion creases

Distal crossing of RDN over FPL tendon to index finger
border

UDN to crossing point of index and thumb borders

Midpoint IP flexion creases to thumb tip

Midpoint IP flexion creases to proximal margin A1 pulley

Skin surface to RDN

Skin surface to UDN

Radial border of A1 pulley to RDN

Radial border of A1 pulley to RDA

Ulnar border of A1 pulley to UDN

Ulnar border of A1 pulley to UDA

Distal margin A1 pulley to proximal variable annular pulley

Data are presented as means, standard deviations, and ranges.
finger and the ulnar border of the thumb.
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Internal measurements were helpful in defining safe
margins for dissection around the A1 pulley. The lon-
gitudinal width of the A1 pulley measured 6.2 � 0.9
mm in our specimens, comparable to values ranging
from 4 to 9 mm in other studies.4,5,10,11,28 We noted a
distinct separation between the distal end of the A1
pulley and the proximal margin of the variable annular
pulley, in agreement with Bayat et al.10 In contrast, a
cadaveric study by Schubert et al11 found occasional
fusion of the A1 and variable annular pulleys. Preser-
vation of the variable annular pulley may be necessary
to deter tendon bowstringing in the absence of the A1
pulley.10,11

The diameters of the volar digital nerves at the level
of the A1 pulley in our specimens measured between
1.4 and 3.9 mm, in agreement with previous re-
ports.20,29 The RDN was generally in closer proximity
to the A1 pulley than the UDN, similar to the findings
of Buldu et al.18 The depths of the digital nerves from
the skin surface varied from 1.0 to 4.2 mm, comparable
to the findings of Carrozzella et al20 and Wallace and
Coupland.29 Relative to the digital nerves, the digital
arteries were located dorsally and at equivalent or
greater distances from the A1 pulleys.

Distance (mm)

5.8 � 3.7 (0.0–13.5), distal to index finger border

0.3–1.3 (3.2 proximal to 2.3 distal to MP flexion crease)

19.7 � 5.2 (9.5–29.4), proximal to A1 pulley

2.7 � 3.7 (0.0–12.9), proximal to A1 pulley

37.4 � 5.1 (30.7–50.3)

0.9 � 2.3 (0.0–9.0), proximal to index finger border

0.7 � 1.0 (0.0–3.9), toward midline

33.7 � 3.8 (26.0–39.7)

32.3 � 3.2 (25.5–38.1)

2.9 � 0.7 (1.4–4.2)

2.0 � 0.7 (1.0–3.3)

0.4 � 0.6 (0.0–1.8)

2.5 � 1.5 (0.0–5.3)

5.4 � 2.6 (0.0–11.1)

6.0 � 3.3 (0.0–16.2)

3.8 � 1.4 (0.0–7.1)
Several limitations of our study may have affected
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TRIGGER THUMB LANDMARKS AND MEASUREMENTS 1171
our findings and conclusions. The number of specimens
was relatively small; consequently, all variations in the
anatomic arrangements of the A1 pulley and neurovas-
cular structures were unlikely to have been repre-
sented.30–34 Furthermore, measurements conceivably
differed among thumb specimens of different ages and
sexes and with different body builds. We did not assess
the relationship between small digital nerve branches
and the A1 pulley.32 Finally, latex injection and dissec-
tion and retraction of soft tissues could have altered the
positions of the neurovascular structures and obscured
the measurements.

Based on the findings from our study, skin surface
landmarks may be helpful in the treatment of trigger
thumb. Knowledge of anatomic variability and the re-
lationships between the surface landmarks, the volar
neurovascular structures, and the A1 pulley may help to
circumvent iatrogenic injuries with injection or surgery.
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