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Abstract Introduction Hookof hamate fractures are rare. The best treatment option is a source
of debate; it ranges from conservative to surgical techniques, including resection of the
hook or a volar approach followed by internal fixation. These techniques are not exempt
from risk. Minimal invasive fixation using a dorsal percutaneous approach and a
headless, cannulated mini screw is another option, although not commonly consid-
ered. We present a case series of patients who underwent this surgical technique.
Methods This is a retrospective reviewof fourpatientswithnondisplacedhookofhamate
fractures treated with dorsal percutaneous fixation. The evaluation included symptoms,
physical examination, and radiological (radiographs, magnetic resonance imaging [MRI],
and computed tomography [CT]) findings, as well as pre and postoperative strength
(determined with a Jamar (JLW Instruments, Chicago, USA) hydraulic dynamometer) and
quick disabilities of the arm, shoulder and hand (QuickDASH) scores.
Results The union rate was 100% with no associated complications. All patients
resumed their preinjury activities 3 months after the surgery and reported they would
undergo surgery again if needed.
Conclusion This retrospective study shows that safe treatment of nondisplaced hook
of hamate fractures with percutaneous dorsal fixation is feasible, with excellent clinical
outcomes. In any case, our sample is limited, and further studies are required.
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Introduction

Hook of hamate fractures are rare, accounting for 2 to 4% of
carpal fractures.1–3

These fractures usually occur after direct trauma to the
hook of hamate; in addition, they can result indirectly from
sudden contraction of the fourth andfifth fingers or repeated
microtrauma. Because of the injury mechanism, this type of
fracture occurs frequently among individuals who practice
sports that require a strong grip, and they occur more often
in the non-dominant hand.4–6

The diagnosis of hook of hamate fracture is often delayed
due to difficulty in identifying the lesion in plain radio-
graphs.4,7,8 The most common clinical signs include ulnar
pain in the wrist that worsens when grasping objects, pain
during hook of hamate palpation, and a positive pull test.5

The best course of treatment is controversial. Conserva-
tively treated fractures present a high rate of pseudoarth-
rosis, resulting from poor vascularization and stresses
imposed on the hook of hamate due to its close relationship
with the flexor muscles of the fourth and fifth fingers.4,9,10

Pseudarthrosis can lead to chronic wrist pain, carpal tunnel
syndrome, ulnar canal syndrome, or tendon tears.11

Surgical treatment is often reserved for displaced frac-
tures, painful non-unions, or athletes; classical techniques
include hook resection or open reduction and internal fixa-
tion. In the last decade, the introduction of minimally inva-
sive percutaneous techniques using cannulated screws led to
functional and radiological outcomes similar to those

obtained with classic techniques, expanding the surgical
indications for these fractures.12,13

The present study evaluates outcomes from nondisplaced
acute or subacute hook fractures in four patients treated
percutaneously with a conical cannulated screw.

Material and Methods

This is a retrospective study with patients who underwent
surgery for hamate fractures from September 2008 to
June 2019. The inclusion criteriawere as follows: (1) fracture
of the hook of hamate; (2) age ranging from 18 to 65 years;
and (3) a minimum follow-up period of 6 months. A total of
four patients were included, all men.

We reviewed the demographic data, hand dominance, and
mechanism of injury; in addition, we recorded the duration
and type of symptoms, ancillary tests performed, and type
and time of surgery. All patients answered the quick dis-
abilities of the arm, shoulder, and hand (QuickDASH) ques-
tionnaire and had their strength evaluatedwith a Jamar (JLW
Instruments, Chicago, USA) hydraulic dynamometer before
and after the surgery. In addition, radiographs (anteropos-
terior [AP], lateral, and carpal tunnel views) and any records
from the follow-upperiodwere analyzed, including potential
complications, immobilization time, and return to work
activities. We used the Milch classification system modified
by Hirano and Inoue10 for fractures of the hook of hamate.
This system differentiates fractures into two types: type 1
includes hook of hamate fractures, while type 2 includes
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hamate body fractures. The latter are divided into type 2a,
which is a coronal fracture of the body, and type 2b, which is
a transverse fracture of the body.10 Two investigators (B. O. G.
and V. H. S.) performed the data collection. TheWilcoxon test
for paired samples was used to compare pre and postopera-
tive strength, and the Wilcoxon paired rank test was used to
compare QuickDASH scores. All patients consented to partic-
ipate in this retrospective study.

Surgical Technique

All patients received a conical headless screw (Acutrak 2
Mini, Acumed, Hillsboro, OR, USA). This cannulated screwhas
a 3.5-mm diameter tip and a 3.6-mm thread allowing
passage through 1.1-mm guidewires. In our study, three
screws were 20-mm long, and one was 22-mm long.

Following the techniquedescribedbyScheuffler et al.12 and
Nanno et al.,13 the surgery was performed with a brachial
plexus block. The hook of hamate was marked under arthro-
scopiccontrol in aposteroanterior (PA)projection. The incision
had approximately 0.5 cm; a blunt dissection was made with
mosquito forceps or scissors until reaching thebone surface to
separate the extensormuscles. Next, a 1.1-mmKirschner wire
was introduced on the center of the hamate, slightly proximal
to it (►Fig. 1A). Under arthroscopic control, theKirschnerwire
was advanced towards the center of the ring forming the hook
of hamate in anteroposterior (AP) view. As described by
Scheufler et al.,12 a 45° oblique view was madewith thewrist
inmild extension and radial deviation (►Fig. 1B); alternative-
ly, use aHart carpal tunnel view. This image confirmed that the
Kirschner wire reached the tip of the hook without exceeding
it, thus preventing its displacement. A second, temporary
Kirschner wire was inserted to prevent malrotation during
screw insertion (►Fig. 2). Then, the length of the conical screw
was determined; since the screw has to be in a subcortical
positionwithoutexceeding the tipof thehamate, it is advisable
to subtract 2mm from themeasurement obtained. The dorsal
cortex of the hamate was drilled with a 2-mm fluted bit to
maintain the Kirschner wire fixation and reduction. Finally,
the screw was passed to the desired length, checking fracture
compression and reduction with radiological controls in PA,
lateral, carpal tunnel, and 45° oblique views (►Fig. 3,►Fig. 4).
The Kirschner wires were removed, and the wound was
sutured.

Two patients used a long arm cast (up to the 4th and 5th

fingers) for 2weeks after surgery; the 2 other patients used it
for 3 weeks. This was followed by free wrist mobilization. At
2 months postsurgery, all patients were able to carry out
daily life and sports activities. The radiographic control
revealed consolidation in all cases at 3 to 6 months.

Results

For diagnostic purposes, the AP and lateral radiographs
performed in all patients revealed no evidence of fracture;
in two cases, a Hart carpal tunnel view allowed fracture
visualization. All patients underwent a computed tomogra-
phy (CT) scan for lesion confirmation (►Fig. 5). All patients
had a type I, nondisplaced fracture according to the Milch

Fig. 1 (A) 1.1-mm Kirschner wire centered on the hamate and
inserted slightly proximal to it. (B) 45° oblique view with the wrist in
slight extension and radial deviation.

Fig. 2 Temporary Kirschner wire to prevent malrotation during screw
insertion.

Fig. 3 Arthroscopic controls after conical screw insertion. (A) 45°
oblique view. (B) Posteroanterior view.

Fig. 4 Follow-up radiograph. Arrows indicate the hook of hamate
limits.
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classification modified by Hirano and Inoue.10 All patients
reported pain at the ulnar edge of the wrist, as well as under
load (►Table 1). The pull test was positive in half of the
patients, and three of them also presented hamate pain.

Although the strength measured with the Jamar dyna-
mometer showed a trend towards improvement, there was
no statistical significance (►Fig. 6).

Since the sample consisted of four patients only, the
QuickDASH scores analysis used median and 25th (P25)
and 75th percentile (P75) values. The median QuickDASH
score was 29 (P25: 21; P75: 29) before surgery and 0.8 (P25:
0; P75: 0.8) after the procedure. The p-value was 0.068, and
data analysis used the Wilcoxon paired ranks test.

Case 1
The patient was a 21-year-old, right-handedmale presenting
no relevant history. He reported pain at the ulnar margin of
the wrist and inability to grasp objects one month after
trauma in his left (non-dominant) hand. On examination, the
patient presented hamate pain and a positive pull test. The
AP and lateral radiographs were nondiagnostic, and a carpal
tunnel view showed the hook of the hamate fracture. A CT
scan completed the diagnostic study. Osteosynthesis with a
22-mm Acutrak 2 Mini screw proceeded as previously de-
scribed. The patient used a cast for 3 weeks. Six months after

the surgery, the baseline QuickDASH score went from 81 to
4.5, and the average strength went from 13.7 kg to 45.3 kg
(►Table 2). There were no intercurrences during the follow-
up period (12 months).

Case 2
The patient was a 21-year-old, right-handed male, profes-
sional golf player, with no relevant history. He reported pain
at the ulnar edge of the wrist when playing golf or during
pronation-supination movements for 9 months in his left
(non-dominant) hand. On examination, the patient pre-
sented hamate pain. The AP and lateral radiographs were
nondiagnostic, and a carpal tunnel view showed a fracture at
the hook of hamate. A CT scan completed the diagnostic
study, revealing a fracture in pseudoarthrosis with no dis-
placement. Osteosynthesis with a 20-mm Acutrak 2 Mini
screw proceeded as previously described. The patient used
a cast for 3 weeks. Seven months after the surgery, the
baseline QuickDASH score went from 23 to 14, and the
average strength went from 36kg to 42.7 kg (►Table 2).

Fig. 5 Computed tomography images showing a fracture at the base
of the hook of hamate (arrows).

Table 1 Summary of patients included in the study

PATIENT AGE GENDER SIDE MECHANISM PAIN

Affected
side

Dominant
hand

Ulnar Grasping Pronation-
supination against
resistance

1 21 Male Left Right Direct trauma þ þ �
2 21 Male Left Right Golf þ þ þ
3 42 Male Left Right Motorcycle accident þ þ þ
4 23 Male Left Right Bicycle accident þ þ þ

Age in years. Present (þ); not present (-).

Fig. 6 Wilcoxon test for paired samples showing the differences in
strength measured with a JAMAR dynamometer before and after
surgery in operated (blue) and non-operated (green) hands. Operated
patients present improved strength (Kg) but with no statistical
significance (p¼ 0.067). Fracture pre: strength on the fractured side
before surgery; Fracture post: strength on the fractured side after
surgery; Healthy pre: strength on the healthy side before surgery;
Healthy post: strength on the healthy side after surgery
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There were no intercurrences during the follow-up period
(12 months).

Case 3
The patient was a 42-year-old, right-handedmale presenting
no relevant history. He reported pain in the ulnar aspect of
the right wrist since a low-energy motorcycle accident a
month earlier. The AP and lateral radiographs taken at the
emergency room after the accident were normal. A CT scan
confirmed a hook of hamate fracture. The surgery proceeded
with a 20-mm Acutrak 2Mini screw as previously described.
The patient used a cast for 2 weeks. Sixmonths after surgery,
the baseline QuickDASH score went from 35 to 0, and the
average strength went from 36.7 kg to 45.3 kg (►Table 2).
There were no intercurrences during the follow-up period
(14 months).

Case 4
The patient was a 23-year-old, right-handed, radiological
technician male presenting no relevant history. He went to
an outpatient clinic 3 months after falling from a bicycle
while holding the handlebars. The patient reported pain in
the ulnar aspect that increased under load and when grab-
bing objects. He presented hamate pain and a positive pull
test. The AP, lateral, and carpal tunnel radiographs were
normal. A magnetic resonance imaging (MRI) and a CT scan
revealed a fracture of the hook of hamate on the left hand,
with no other injuries. Osteosynthesis with a 20-mmAcutrak
2 Mini screw proceeded as previously described. The patient
used a cast for 2 weeks. Six months after the surgery, the
baseline QuickDASH score went from 18 to 0; at 3 months,
the average strength went 33.3 kg to 39.7 kg. There were no
intercurrences during the follow-up period (16 months).

Discussion

Epidemiology and Mechanism of Injury
Hook of hamate fractures are rare, accounting for 2 to 4% of
carpal fractures. Not all patients with hamate fractures seek
medical attention, as some are asymptomatic; therefore, the
real incidence of these fractures remains unknown.1–3

A fracture of the hook of hamate does not require a high-
energy trauma. A direct trauma, grasping an object, or
repeated trauma in sports can cause a stress fracture. Be-
cause of its injurymechanism, it is a frequent type of fracture
in sports that require a strong grip, often in the non-domi-
nant hand.4–6 Falls over an extended wrist with ulnar devia-
tion and severe contraction of the flexor muscles of the
fourth and fifth fingers or traction of the pisohamate liga-
ment can also cause a baseline fracture or an avulsion
fracture of the tip of the hook of hamate, respectively.5,14

In our series, two fractures resulted from falls while
holding a handlebar, one resulted from direct trauma, and
one was an indirect injury on the non-dominant hand of a
golf player. These four cases highlight the several possible
injury mechanisms of this type of fracture.

Fractures located at the base and proximal third of the
hook are the most frequent (76%); they are usuallyTa
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nondisplaced. Our study includes only type 1, nondisplaced
fractures according to the Milch classification modified by
Hirano and Inoue.5,10

Diagnosis
A diagnostic suspicion, proper history taking, and physical
examination are critical for diagnosis. Ulnar pain, paresthe-
sia at the ulnar nerve territory, decreased grip strength, and
even difficult fourth and fifth fingers mobilization are
consistent findings.8 The pull test is positive when pain is
elicited in fourth and fifth finger flexion against resistance
with the wrist in dorsoulnar deviation; its sensitivity ranges
from 72 to 100%.8,15 In our series, the pull test was positive
in patients submitted to it (two out of four), while ulnar
carpal region pain was a constant finding observed in
previous studies.8

Diagnosis is usually late because these fractures are diffi-
cult to identify in usual AP and lateral radiographs.4,5,7,8 The
Hart carpal tunnel view is especially useful in this type of
injury; its sensitivity ranges from 40 to 50%, although it is
painful in the acute phase.3,6–8 In our series, 50% of the
fractures were identified with this view. We believe that it is
an essential part of the diagnostic work-up.

In some series, the average time from injury to diagnosis is
22 to 24 weeks; in recent decades, it decreased to 4 weeks
thanks to MRI and CT.1,2,6,8 In our series, the diagnosis of
patientswith a direct traumatic history took 23 to 30 days; in
the only case of repeated microtrauma, diagnosis occurred
after 9 months. Magnetic resonance imagin is superior to CT
in nondisplaced fractures; however, since CT is more avail-
able and cheaper, it is usually the test of choice when
suspicion is high.5,8 Care by hand surgeons, like us, also
tends to decrease this time.8,16

Bansal et al.4 reported that late diagnosis increases the
risk of postoperative complications after hook of hamate
resection, especially transient ulnar neuropathy. Painful
scars were also reported, all with resolution after 6 to
12 months.4

Treatment
The initial treatment can be conservative, in the case of acute
nondisplaced fractures, although the pseudoarthrosis rate
ranges from 30 to 80% in different series,1,2,17 resulting in
immobilization for approximately 8 weeks.

Surgical treatment is usually reserved for displaced frac-
tures, delayed union, painful non-unions, or athletes; classi-
cal techniques include hook resection or open reduction and
internal fixation. Although the debate over the best option
continues, hook resection is favored because recovery is
faster; in addition, there are no clear differences in functional
outcomes.4,18 However, other authors16,18,19 believe that
hamate resection reduces the grip strength of the fourth
and fifth fingers, as the hook acts as a fulcrum for their deep
flexor muscles; on the other hand, the excursion of the flexor
muscles from these fingers would decrease by 11%. For both
techniques, surgical dissection is extensive, and risks include
damage to the ulnar nerve or the intrinsicmuscles of thefifth
finger and decreased vascular supply to the soft tissues and

the hook of hamate.4 Open reduction and synthesis of the
hook of hamate is not an easy procedure.

As such, during the last decade, minimally invasive dorsal
percutaneous techniques have been introducedwith synthe-
sis using Acutrak-type conical cannulated screws (Acumed),
resulting in functional and radiological outcomes similar to
those observed with classical techniques.12,13 The surgical
approach is safe, and the incision is only 1 cm long, reducing
the riskof painful scars and sparing ligaments adjacent to the
hamate bone. At first, the postoperative immobilization time
was 3 weeks, but it was shortened to 2 weeks to allow earlier
mobilization. Fine manual activity is allowed from
the second postoperative week on, and patients can progres-
sively resume their daily life activities. Since this technique
allows return to sports in 2 to 3 months, it is also an
alternative for professional athletes. From a functional point
of view, hook of hamate fixation sustains digital strength,
especially in ulnar deviation, as reflected in JAMARmeasure-
ments (►Table 2). Operated patients presented improved
strength and QuickDASH scores, although with no statistical
significance (►Fig. 6). The functional outcomes and Quick-
DASH scores from our study are excellent and consistent
with more classical techniques. When questioned, all
patients reported they would undergo surgery again.

Conclusion

With our study, we concluded that the surgical treatment of
hook of hamate fractures using a dorsal percutaneous ap-
proach is safe and effective. Our short series included a
nondisplaced fracture of the hook of hamate in pseudoarth-
rosis; there were nomore known cases of pseudoarthrosis in
our study, and more cases would be required to draw
conclusions with greater certainty.

Despite these promising results, our study had a limited
sample and no control group; as such, new randomized
studies with more patients are required to draw conclusions
with greater confidence.
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