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Abstract

Objective Hook of hamate fracture, the most common swing-related wrist fracture, is commonly seen in high-level athletes. The
fracture is rarely diagnosed on routine wrist radiographs, thus generally requiring CT or MR for diagnosis. Surgical excision has a
high success rate, however diagnostic delay contributes to a high complication rate. Radiographic signs of hook of hamate
fracture have been published, but uncertainty of the diagnostic accuracy limits application. The purpose of this study is to
determine accuracy and interobserver reliability of radiographic signs of hook of hamate.

Materials and methods This retrospective case-control study evaluated wrist radiographs of 50 patients, including 24 positive
and 26 negative, for hook of hamate fracture, each proven by CT or MR. Five reviewers performed blinded, randomized
evaluation of radiographs documenting whether the hook of hamate was normal or fractured, and if fractured, the radiographic
signs present (ring sign, ghostly shadow, and diffuse sclerosis) and views that contributed to diagnosis.

Results Radiographic signs demonstrated high sensitivity (85%; 95% CI: 77-91), specificity (92%; 95% CI: 86-96), and
accuracy (89%; 95% CI: 84-92) with substantial interobserver reliability (k =0.652). The ring sign was the most sensitive
radiographic sign. Diagnosis was most often supported by the oblique view (38%) and rarely the lateral view (15%).
Conclusions Radiographic signs of hook of hamate fracture on routine radiographs can accurately and reliably diagnose hook of
hamate fractures. Evaluation for discontinuity of the cortical ring will optimize sensitivity, allowing for timely diagnosis and
treatment, and a reduction of complications.
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Introduction

The hamate is located on the ulnar side of the wrist in the distal

carpal row. The hook of hamate is a curved, hook-like process

4 Jayden Spencer that projects 1-2 c¢m distally and radially from the palmar
Jspencer2 @kume.edu aspect of the hamate (Fig. 1). It forms the ulnar border of the
carpal tunnel and the radial border of Guyon’s canal. Multiple
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Fractures of the hamate account for approximately 2% of
carpal fractures [3, 4]. However, fracture of the hook of ha-
mate, the most commonly reported swing-related wrist frac-
ture, has gained attention in sports medicine due to prevalence
in high-level athletes in golf and baseball [5-9]. The butt of
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Fig. 1 Posteroanterior (PA) ra-
diograph (a) of the left wrist in a
35-year-old male demonstrating
the normal appearance of the
hook of hamate. The basal corti-
cal ring (arrows), corresponding
to the base of the hook of hamate
is seen en face. Axial CT (b)
shows normal appearance of the
hook of hamate (arrow)

cause fracture [5, 8—10]. Retrospective studies have demon-
strated nonunion rates ranging from 50 to 90% with very
few cases of healing by immobilization reported [6,
11-13]. Diagnostic delay, poor vascularity, and frequent
motion contribute to the high rate of nonunion [12, 13].
Athletes often report gradual onset of pain rather than a
single traumatic event and often continue to practice,
which can result in significant complications including
damage to the adjacent flexor tendons, artery, or nerve,
and secondary osteoarthritis [6, 8, 12—-17]. The current
standard of treatment in athletes is surgical excision,
which has a high success rate and relatively short recov-
ery time, with athletes usually returning to full activity in
4-8 weeks [18-23].

Fig. 2 A 23-year-old male

2 weeks following left wrist inju-
ry in a motorcycle accident. PA
radiograph (a) demonstrates dis-
continuity of the basal cortical
ring of the hook of hamate, “ring
sign” (arrow). A scaphoid waist
fracture is also noted. Sagittal (b)
and axial CT (c) images per-
formed the following day confirm
a minimally displaced fracture at
the base of the hook of hamate
with mild osseous resorption at
the fracture margins
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Fracture of the hook of the hamate is rarely diagnosed on
routine three-view wrist radiographs, the standard initial diagnos-
tic imaging study. Carpal tunnel and semisupine oblique views
have higher diagnostic accuracy, but are not acquired unless there
is suspicion for hook of hamate fracture [24-26]. Ultimately,
computed tomography (CT) or magnetic resonance (MR) imag-
ing is necessary to confirm the diagnosis and extent of injury.
Radiographic signs of hook of hamate fracture have been pub-
lished, but uncertainty of the diagnostic accuracy limits large
scale application [24-27]. The purpose of this project was to
determine the sensitivity, specificity, accuracy, and interobserver
reliability of radiographic signs of the hook of hamate fracture
and which of the routine projections demonstrate the fracture, to
enable more accurate and timely diagnosis.
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Fig. 3 A 48-year-old male with
right wrist pain after falling off a
bicycle on an outstretched hand
earlier the same day. PA radio-
graph (a) demonstrates disconti-
nuity of the cortical ring of the
hook of hamate, “ring sign”
(arrows). Sagittal T1 (b) and axial
T2 fat-saturated (¢) MR images
performed 11 days following the
radiograph confirm a
nondisplaced fracture of the hook
of hamate with surrounding mar-
row edema (arrows)

Methods
Data collection

Following institutional review board approval, a retrospective
review of a single institution’s radiology database was queried
for CT and MR imaging reports with the keywords “hook of
hamate” and “fracture”. Control patients were randomly se-
lected from the radiology database queried for reports with
indications of “evaluate for fracture”, “injury”, or “trauma”
in which no fracture was identified. Results of CT or MR
imaging were considered the “gold standard” for defining
whether a fracture of the hook of hamate was present.
Subjects were collected from imaging studies performed from
January 1, 2000 to July 31, 2016. Patients were excluded from
the study if a routine wrist radiograph series was not available
within 1 month prior to cross-sectional imaging. Additional
data collected included demographics and when available,
mechanism of injury, clinical diagnostic and treatment infor-
mation, and outcome of treatment.

Imaging evaluation

Five fellowship-trained musculoskeletal radiologists indepen-
dently interpreted images following brief review of nomencla-
ture and examples of the three published radiographic signs of
hook of hamate fracture, all of which are based on the PA
view. The radiographic signs included: (1) “Ring sign”, which
refers to discontinuity of the hook of hamate cortical ring [25]
(Figs. 2 and 3), (2) “Ghostly shadow”, which refers to
nonvisualization of the hook of hamate with lucency in its
expected location, reflecting a displaced fracture (Fig. 4)
[22], and (3) “Diffuse sclerosis” of the hook of hamate with
poor delineation of the cortical ring, reflecting sclerosis of the
fracture margins in cases of nonunion (Fig. 5) [22]. The five
musculoskeletal radiologists, blinded to the diagnosis from

MR or CT, reviewed routine three-view wrist radiographs of
all 50 patients. The reviewers documented whether each case
was positive or negative for hook of hamate fracture and
which, if any, radiographic sign(s) were identified. The radio-
graph interpretation was negative if no radiographic signs
were identified; whereas, if any one of the radiographic signs
was identified, the interpretation was considered positive for
fracture. For the radiographs diagnosed with fractures, the
radiologists documented the projection(s) in which the frac-
ture was identified. Utilizing the MR or CT diagnosis as the
standard of reference, the data were analyzed to determine the
sensitivity, specificity, and accuracy of the radiographic signs,
as well as the interobserver reliability.

Statistical analysis

Descriptive statistics (sensitivity, specificity, accuracy) arereported
for each radiographic sign individually and when used in combi-

Fig.4 Oblique radiograph (/eff) demonstrates lucency projecting over the
hamate in the expected location of the hook of hamate, i.e., “Ghostly
shadow” (red arrow). Radial and distal displacement of the fracture
fragment (black arrow) is also seen, confirmed on MRI performed
1 week later
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Fig. 5 A 32-year-old avid golfer
referred for persistent ulnar sided
wrist pain for 1 year, exacerbated
by swinging a golf club. PA ra-
diograph (a) demonstrates dif-
fusely sclerotic appearance of the
hook of hamate. Sagittal (b) and
coronal CT (c¢) demonstrate scle-
rosis of the fracture margins,
consistent with nonunion.
Coronal image c¢ is through the
neocortex cross referencing to the
level of the arrow in image b

Table 1 Baseline characteristics
of the cohort
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Measure All Fracture No fracture p value®
N 50 24 26
Age at X-ray, median (IQR) 46.0 (31.8, 54.5) 31.9 (22.4, 44.5) 51.9 (49.1, 57.5) < 0.001
Male, n (%) 27 (54.0%) 15 (62.5%) 12 (46.2%) 0.25
Ethnicity, n (%) 0.55
Non-Hispanic/Latino, n (%) 44 (88.0%) 21 (87.5%) 23 (88.5%)
Hispanic/Latino, n (%) 5 (10.0%) 2 (8.3%) 3 (11.5%)
Unknown ethnicity, 7 (%) 1 (2.0%) 1 (42%) 0 (0.0%)
Race, n (%) 0.71
Black, n (%) 9 (18.0%) 3 (12.5%) 6 (23.1%)
White, n (%) 36 (72.0%) 19 (79.2%) 17 (65.4%)
Other race, n (%) 3 (6.0%) 1 (4.2%) 2 (7.7%)
Unknown race, n (%) 2 (4.0%) 1(4.2%) 1 (3.8%)
Side injured, n (%) 0.82
Right, n (%) 20 (40.0%) 10 (41.7%) 10 (38.5%)
Left, n (%) 30 (60.0%) 14 (58.3%) 16 (61.5%)
Cause of injury, n (%)
Fall, n (%) 8 (16.0%) 4 (16.7%) 4 (15.4%)
Motor vehicle accident, n (%) 5(10.0%) 5 (20.8%) 0 (0.0%)
Swinging sports, n (%) 8 (16.0%) 6 (25.0%) 2 (7.7%)
Punch, n (%) 4 (8.0%) 3 (12.5%) 1 (3.8%)
Other/unknown, n (%) 25 (50.0%) 6 (25.0%) 19 (73.1%)
Pre-treatment complication, 7 (%)
ECU tendon tear, n (%) 5 (10.0%) 4 (16.7%) 1 (3.8%)
ECU tenosynovitis, n (%) 3 (6.0%) 2 (8.3%) 1 (3.8%)
Ulnar neuropathy, n (%) 1(4.2%) 1 (42%) 0 (0.0%)
Imaging modality, n (%) < 0.001
CT, n (%) 15 (30.0%) 11 (45.8%) 4 (15.4%)
MR, n (%) 30 (60.0%) 8(33.3%) 22 (84.6%)
Both, n (%) 5 (10.0%) 5(20.8%) 0 (0.0%)

“ p values calculated by Kruskal-Wallis test for continuous variables, Chi-square test for categorical variables, and
Fisher’s exact test for categorical variables with low expected cell counts
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Table 2 Radiographic interpretation: overall and radiographic signs
independently
Overall
Interpretation Fracture (N =120) No fracture (N =130)
Positive 102 10
Negative 18 120
By radiographic sign
Ring sign
Yes 69 9
No 51 121
Ghostly shadow
Yes 20 1
No 100 129
Diffuse sclerosis
Yes 24 0
No 96 130

nation for the diagnosis ofhook of hamate fractures. Accuracy was
calculated as the sum of the true positives and true negatives, divid-
ed by the total number of cases. The 95% confidence intervals are
reported and k coefficient is calculated to determine interobserver
reliability. Statistical significance is defined as P value < 0.05. All
data management and statistical analysis is done in SAS 9.4.

Results
Demographics

From the radiology database search, 24 patients met the inclu-
sion criteria for the case group, i.e., positive for hook of ha-
mate fracture on CT or MR with wrist radiographs obtained
prior to cross-sectional imaging. Of the 24 hook of hamate
fractures, 16 were diagnosed as acute or subacute and eight
were diagnosed as chronic or nonunion on cross-sectional

Fig. 6 A 31-year-old male with
right wrist pain following motor-
cycle accident. PA (a) and oblique
radiographs (b) demonstrate sub-
tle discontinuity of the basal cor-
tical ring of the hook of hamate,
i.e., “ring sign” (arrows). Sagittal
CT (c) performed the same day
confirms a mildly displaced frac-
ture at the base of the hook of
hamate (arrow)

imaging. Twenty-six patients from the radiology database
search with CT or MR negative for hook of hamate fracture
were randomly selected for the control group. Table 1 displays
patients’ demographics with no statistically significant differ-
ences between the two groups apart from patient age.

Imaging interpretation

Fifty wrist radiographs were independently evaluated by five
radiologists resulting in a total of 250 blinded interpretations.
The results from blinded interpretations are listed in Table 2. A
total of 112 of the 250 radiographic evaluations were
interpreted as positive for hook of hamate fracture, comprising
102 true positives and ten false positives. In total, 112 positive
interpretations, a radiographic sign of hook of hamate fracture
was reported on the PA view. The next most commonly re-
ported projection demonstrating the fracture was the oblique
view (Figs. 4 and 6b), followed by the lateral view (Fig. 7b),
reported in 42 (38%) and 17 (15%) of the positive interpreta-
tions, respectively.

Table 3 summarizes the observed sensitivity, specificity,
and accuracy of the radiographic signs overall and individu-
ally. Overall diagnostic interpretation, utilizing any of the
three radiographic signs, resulted in sensitivity of 85%, spec-
ificity of 92.3%, and accuracy of 88.9%. The “ring sign”,
“ghostly shadow”, and diffuse sclerosis were observed in
78, 21, and 24 of the interpretations, respectively. The “ring
sign” had a sensitivity of 57.5%, specificity of 93.1%, and
accuracy of 76%. The “ghostly shadow” had a sensitivity of
16.7%, specificity of 99.2%, and accuracy of 59.6%. Diffuse
sclerosis had a sensitivity of 20%, specificity of 100%, and
accuracy of 61.6%. In 101 of the 112 positive interpretations,
a single radiographic sign was present and in 11 of the 112,
two signs were present.

The results from blinded interpretations for the individual
readers are listed in Table 4 and the observed sensitivity, spec-
ificity, and accuracy of the radiographic signs for the individ-
ual readers are listed in Table 5. k coefficient values were

@ Springer
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Fig. 7 A 29-year-old female with right wrist pain following motor vehi-
cle collision. PA radiograph (a) demonstrates discontinuity of the hook of
hamate cortical ring and lateral radiograph (b) demonstrates oblique lin-
ear lucency through the hook of hamate. Sagittal T1 volumetric interpo-
lated breath-hold exam (VIBE) 3D MR image (¢) performed 13 days
following the radiographs confirms the diagnosis of a nondisplaced

calculated on the initial blinded review by the individual
readers. The observed k coefficient of 0.652 reflects substan-
tial interobserver agreement among the five radiologists uti-
lizing radiographic signs for diagnosis of hook of hamate
fracture.

Discussion

In this study, the “ring sign” was the most sensitive ra-
diographic sign, which was expected, since any type of
hook of hamate fracture may show discontinuity of the
cortical ring. Diffuse sclerosis reflects sclerotic fracture
margins and therefore its utility is limited to chronic frac-
tures and suggests nonunion. Absence of the hook or the
“ghostly shadow” was the least sensitive of the radio-
graphic signs, although was highly specific at 99.2%,

Table 3  Observed diagnostic utility of radiographic signs: overall and
independently
Overall
Sensitivity (%)  Specificity (%)  Accuracy (%)
Observed 85.0 923 88.9
95% C1 77.3-90.9 86.3-96.3 84.2-92.4
By radiographic sign
Ring sign 57.5 93.1 76.0
Ghostly shadow ~ 16.7 99.2 59.6
Diffuse sclerosis ~ 20.0 100 61.6

@ Springer

oblique fracture through the hook of hamate and T2 images (not shown)
demonstrated marrow edema surrounding the fracture. Sagittal CT image
(d) following 2 months of conservative management demonstrates mild
displacement of the fracture with partially sclerotic fracture margins and
no evidence of healing

reflecting its limited utility to significantly displaced frac-
tures. Diffuse sclerosis was reported in 26 of the 40 eval-
uations of cases diagnosed as chronic on cross-sectional
imaging, corresponding to a sensitivity of 65%, when
specifically applied to chronic hook of hamate fractures.
Finally, diffuse sclerosis or any two of the three radio-
graphic signs was 100% specific for hook of hamate frac-
ture, comprising 24 and 11 of the true-positive interpreta-
tions, respectively.

Close inspection of the cortical ring of the hook of
hamate on the PA view for discontinuity, i.e., “ring sign”,
will optimize the sensitivity of screening radiographs. The
“ghostly shadow” and diffuse sclerosis have lower sensi-
tivity, although when present, allow more confident diag-
nosis of hook of hamate fractures. When a radiographic
sign of hook of hamate fracture is identified on the PA
view, the diagnosis can sometimes be confirmed on the
oblique view and rarely on the lateral view. Diagnosis can
often be achieved with carpal tunnel or semisupine
oblique radiographs. CT and MR allow definitive diagno-
sis and evaluation for complications. Stress fractures,
common in swinging athletes, often require MR for diag-
nosis. When there is a lower degree of suspicion, correla-
tion for point tenderness over the hypothenar eminence is
a reasonable next step prior to obtaining additional diag-
nostic imaging.

Potential limitations of the study include the fact that the
interpreting radiologists were specifically instructed to
evaluate for radiographic signs of hook of hamate fracture
with knowledge that a fracture was present in a certain,
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Table 4

Individual reader radiograph interpretations: readers A, B, C, D, and E

Interpretation Reader A overall Reader B overall

Reader C overall

Reader D overall Reader E overall

Fracture No fracture Fracture No fracture Fracture No fracture Fracture No fracture Fracture No fracture
(N=24) (N=26) (N=24) (N=26) (N=24) (N=26) (N=24) (N=26) (N=24) (N=26)

Positive 20 3 21 0 18 2 20 5 23 0
Negative 4 23 3 26 6 24 4 21 1 26

Reader A Reader B Reader C Reader D Reader E

By radiographic sign By radiographic sign By radiographic sign By radiographic sign By radiographic sign
Ring sign
Yes 13 3 15 0 8 2 16 4 17 0
No 11 23 9 26 16 24 8 22 7 26
Ghostly shadow
Yes 2 0 5 0 7 0 3 1 3 0
No 22 26 19 26 17 26 21 25 21 26
Diffuse sclerosis
Yes 7 0 6 0 4 0 3 0 4 0
No 17 26 18 26 20 26 21 26 20 26

although unknown, percentage of cases. Small sample size
is an additional limitation of the study. Potential pitfalls of
the radiographic signs of hook of hamate fracture include
stress fractures or other radiographically occult fractures,
hypoplasia or aplasia, an unfused ossification center, pre-
vious resection, ganglion cysts, and various arthropathies
resulting in erosive or cystic changes of the hook of hamate
[24, 28, 29]. Rarely, an osteoid osteoma of the hamate can
result in diffuse sclerosis of the hook of hamate, mimicking
a nonunited fracture [30]. Future studies could confirm the
diagnostic performance of the radiographic signs with
greater power by evaluating a larger number of cases.
Pain associated with hook of hamate fractures is often less
than typically associated with fractures and for this reason,
many patients do not initially seek treatment or do not pro-
ceed with cross-sectional imaging when initial radiographs

Table 5

are negative. Overall prevalence of hook of hamate frac-
tures, especially nondisplaced stress fractures, likely re-
mains underestimated and future studies could further in-
vestigate prevalence and the value of earlier detection.

Conclusions

This study demonstrates that by implementing radiograph-
ic signs of hook of hamate fractures, routine view wrist
radiographs can achieve adequate sensitivity, specificity,
and accuracy in the diagnosis of hook of hamate fractures
with substantial interobserver reliability. Application of
these radiographic signs can help to avoid diagnostic de-
lay and associated complications.

Individual reader observed diagnostic utility: readers A, B, C, D, and E

Reader A overall Reader B overall

Sens Spec  Acc Sens Spec Acc Sens

(%) (%) (%) (%) (%) (%)
Observed 83 89 86 88 100 94 75

Reader C overall

(%)

Reader D overall Reader E overall

Acc
(%)

Spec  Acc Sens Spec  Acc Sens Spec
(%) (%) (%) (%) (%) (%) (%)

92 84 83 81 82 96 100 98

95% C1 63-95 7098 73-94 6897 87-100 83-99 53-90 7599 71-93 63-95 61-94 69-91 79-100 87-100 89-100
Reader A Reader B Reader C Reader D Reader E
By radiographic sign By radiographic sign By radiographic sign By radiographic sign By radiographic sign
Ring sign 54 89 72 63 100 82 33 92 64 67 85 76 71 100 86
Ghostly 8 100 56 21 100 62 29 100 66 13 96 56 13 100 58
shadow
Diffuse 29 100 66 25 100 64 17 100 60 13 100 58 17 100 60
sclerosis
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