1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript

-, HHS Public Access
«

AJR Am J Roentgenol. Author manuscript; available in PMC 2018 April 10.

Published in final edited form as:
AJR Am J Roentgenol. 2017 November ; 209(5): 1110-1118. doi:10.2214/AJR.17.18043.

Hook of the Hamate: The Spectrum of Often Missed Pathologic

Findings

Derik L. Davis!

1Department of Diagnostic Radiology and Nuclear Medicine, University of Maryland School of
Medicine, 22 S Greene St, Baltimore, MD 21201

Abstract

OBJECTIVE—The purposes of this article are to review hook of the hamate anatomy, describe
the imaging features of the spectrum of pathologic conditions, and discuss the pearls and pitfalls of
imaging for clinical decision making for pathologic entities affecting the hook of the hamate.

CONCLUSION—Knowledge of the anatomy, imaging appearance, and clinical management of
hook of the hamate abnormalities is important for radiologists in guiding the care of patients with
ulnar-sided wrist symptoms.
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Anatomy

Pathologic conditions affecting the hook of the hamate are uncommon. Fractures are the
most common abnormality but account for less than 4% of carpal fractures [1, 2]. Despite its
continued importance as a key anatomic landmark in modern medicine, the hook of the
hamate remains a source of diagnostic errors in current clinical practice [3, 4]. Delay in
diagnosis or missed diagnosis of abnormalities of the hook of the hamate is common [4-6].
Imaging plays a central role in identifying pathologic conditions affecting the hook of the
hamate and in guiding clinical decision making. This article reviews the diagnostic imaging,
clinical presentation, and treatment of hook of the hamate fracture, developmental
anomalies, infection, avascular necrosis, and tumors.

The hamate is situated in the distal carpal row at the ulnar aspect of the wrist. The hook (also
known as the hamulus) is a curved bony process that extends from the palmar surface of the
body (Fig. 1). The hook of the hamate contributes to the medial border of the carpal tunnel
and the lateral border of the Guyon canal. The pisiform-hamate ligament, flexor retinaculum
(also known as the transverse carpal ligament), flexor carpi ulnaris tendon, opponens digiti
minimi tendon, and flexor digiti minimi tendon all attach to the hook. The biomechanical
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function of the hook is to act as a pulley for the flexor tendons of the ring and small fingers
[7. 8].

Radiography

CT

MRI

The typical set of radiographs obtained for acute or chronic ulnar-sided wrist symptoms
includes conventional posteroanterior, oblique, and lateral views. However, images in these
standard views poorly show the hook of the hamate. Additional special projections for the
hook of the hamate include the semi-supinated oblique view, carpal tunnel view, and lateral
view with thumb abduction and radial deviation of the hand [9]. Despite best efforts, some
patients are unable to tolerate the positions required for these special views because of pain

[5].

CT is the reference standard for diagnosis of hook of the hamate fracture. CT is highly
sensitive and specific for detection of fracture, with an accuracy of 97.2% compared with
80.5% for radiography [10]. CT is the go-to option for imaging of the hook of the hamate in
patients with suspected acute or chronic bony abnormalities.

MRI is an alternative to CT for the detection of radiographically occult pathologic
conditions involving the hamate. Although less accurate than CT for visualization of hook
cortical fractures, MRI is superior for characterization of associated bone marrow edema,
ulnar nerve injury, tendon abnormalities, and carpal tunnel abnormalities [2, 11]. MRl is also
a useful adjunct examination after initial CT to determine the extent of soft-tissue
abnormality related to hook of the hamate lesions.

Hook of the Hamate Fractures

Hamate fractures are uncommon and represent 2-4% of all carpal fractures [1]. Fractures
involving the hook are the most common type of hamate fracture [2]. The incidence of hook
of the hamate fractures among professional and recreational athletes is much higher than in
the general population and is posited to be on the rise owing to the increasing popularity of
golf and racket sports [9, 12]. Several mechanisms cause hook of the hamate fractures,
including blunt trauma, repetitive microtrauma, and avulsion injury. Fall on an outstretched
hand, motor vehicle collision, and direct strike from a projectile such as a baseball are
common causes of acute traumatic fracture [7, 13, 14]. Gripping-related acute trauma to the
hook when holding a bat, racket, golf club, or bicycle handle is an additional common
mechanism [7, 9, 15] (Fig. 2A). Stress fractures occur as a result of ongoing repetitive
microtrauma from gripping a bat, racket, or golf club [2, 7, 11] (Fig. 2B). Avulsion fractures
occur as the result of ligamentous or tendinous forces tugging on the hook [9].

Hamate fractures are categorized as either hook or body fractures [8, 13]. Combined
fractures involving the body and hook of the hamate are rare [13] (Fig. 3). Hook of the
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hamate fracture has been classified into three types according to anatomic location: type 1,
distal tip; type 2, middle part; and type 3, base of the hook (Figs. 4 and 5). Type 3 fractures
account for over 75% of hook of the hamate fractures [4, 12]. Acute traumatic fractures of
the hook often present with other fractures of the distal upper extremity, especially distal
radial fractures [14] (Fig. 6). Distal ulnar fractures, other carpal bone fractures, hamate
dislocations, and medial carpometacarpal joint disruptions are additional bone- and joint-
related injuries [13, 16, 17]. Soft-tissue abnormalities most commonly associated with hook
of the hamate fractures include ulnar nerve palsy and tear of the small finger flexor tendons
[2, 7].

The clinical presentation of hook of the hamate fracture is often nonspecific and requires a
high degree of clinical suspicion to establish the diagnosis. Patients have reported sudden-
onset generalized pain and swelling at the hypothenar region of the hand and wrist after
acute trauma [13, 16]. Hook of the hamate stress fractures present with a gradual onset of
pain, over weeks to months, without report of a traumatic event [4, 8, 11]. Ring- and small-
finger paresthesias have been reported with acute and chronic fractures [11, 13]. The site of
maximal pain may be misleading at physical examination, and localizing signs directly
attributable to the hook of the hamate are often difficult to detect [9, 11]. Presence of the
Tinel sign at the hypothenar region should raise clinical suspicion of the presence of a hook
fracture [7]. An increase in hypothenar pain or weakness with hand gripping is another
associated sign of hook fractures [5, 8, 11].

On posteroanterior radiographs the hook of the hamate overlaps with the midportion of the
distal hamate body and projects as an ovoid bony density. Radiographic signs of hook of the
hamate fracture on posteroanterior images include an absent or indistinct hook or sclerosis
of the hook [18]. Evaluation of the hook is often limited on standard lateral images owing to
overlap with other carpal bones [8]. Carpal tunnel, supinated oblique, and lateral radiographs
with thumb abduction and hand radial deviation radiographs are special views that improve
visibility of the hook of the hamate. Overall, radiography has a sensitivity of 53—-90% for
detection of hook of the hamate fractures [10, 19]. However, standard posteroanterior and
lateral wrist images are often obtained without special views, and false-negative
radiographic findings often occur for hook of the hamate fractures, even when special views
are used [19]. Hook of the hamate fractures at the midpoint or distal tip are more readily
detected in special views, whereas fractures at the base of the hook are more commonly
obscured [18].

The typical natural history patterns of missed hook of the hamate fractures include
uncomplicated fracture healing, asymptomatic nonunion, and symptomatic nonunion or
partial union [5]. Advanced imaging with CT or MRI usually establishes the diagnosis in the
acute or chronic phase [2, 10]. CT is considered the reference standard for detection of hook
of the hamate fractures and has sensitivity of nearly 100% [10]. CT has better sensitivity
than radiography for the diagnosis of fractures occurring at the base of the hook [18]. CT
also has the added value of quantifying the degree of displacement, which has implications
for clinical decision making [8]. Acute displaced fractures of the hook typically have sharply
defined margins on CT images, whereas chronic cases of nonunion present with sclerotic or
corticated margins [13, 20]. On CT images, nondisplaced hook of the hamate fracture
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appears as a sharply defined, thin, lucent line with cortical disruption. Healing of
nondisplaced hook fracture is less distinct and exhibits associated sclerosis [5, 11, 21]. CT is
also an excellent modality for evaluating hook fracture healing after treatment [22, 23]. MRI
is useful for detection of hook fractures and concomitant associated ulnar nerve and flexor
tendon injury [2, 18]. Hook fractures present as low-signal-intensity lines and typically are
associated with bone marrow edema in the acute phase [11, 15, 18]. MRI also may provide
information on the degree of displacement of hook of the hamate fractures [1].

Treatment of hook of the hamate fracture depends on the acuity of diagnosis, degree of
displacement, and location of fracture. Nondisplaced fractures within 3 months of injury
initially receive conservative treatment with cast immobilization [13, 14, 21, 24]. Treatment
of symptomatic displaced fractures, nonunion, and nondisplaced hook fractures older than 3
months is controversial [21]. Surgical excision of the hook of the hamate is a common
treatment [5, 7, 17, 21]. The importance of preserving the hook of the hamate as a pulley for
the medial flexor tendons continues to be debated [21]. Surgical fixation has been advocated
for restoring normal biomechanics of the wrist. Operative techniques include open palmar
screw or K-wire fixation, hook plate fixation, and dorsal percutaneous screw fixation [7, 20,
21, 25]. Low-intensity pulsed ultrasound has been advanced as a noninvasive alternative to
surgical intervention in nondisplaced fractures [22, 23].

Type 1 fractures involving the distal third of the hook are most likely to receive conservative
treatment regardless of other factors. Type 2 fractures at the middle part are theorized to be
the most at risk of nonunion [12].

Developmental Anomalies

Bipartite Hook of the Hamate

Secondary hamate ossification centers typically fuse with the primary ossification center
during adolescence. An accessory ossicle, the os hamuli proprium, forms when there is
failure of fusion between the hook and body ossification centers [2, 26]. The accessory
ossicle is bound to the hamate by a fibrous pseudoarthrosis instead of an osseous union [26].

Bipartite hamate is rare and found in less than 1% of the general population [3]. Most cases
of os hamuli proprium are discovered incidentally and are often in the differential diagnosis
of hamate fractures (Fig. 7A). Differentiating an accessory ossicle from a chronic nonunion
of the hook may have no clinical relevance in patients without ulnar-sided wrist symptoms.
Suggested criteria favoring os hamuli proprium over fracture include round well-corticated
margins of the ossicle and hamate, absence of a history of trauma, and bilateral presentation
of the ossicle [26]. Fracture of the os hamuli proprium is rare (Figs. 7B and 7C).

Recognition of a bipartite hamate is critical for preoperative planning before open or
endoscopic carpel tunnel release to avoid iatrogenic injury to the ulnar neurovascular bundle
[3]. In rare cases, resection of the os hamuli proprium is performed for treatment when the
abnormality presents in association with carpal tunnel syndrome or ulnar tunnel syndrome
[4, 26].
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Pisiform-Hamate Coalition

Infection

The carpal bones arise from a single cartilaginous anlage before the 10th week of fetal life.
Most carpal coalitions occur across the same carpal row; lunotriquetral coalition accounts
for 90% of cases [27-29]. Carpal coalition typically results from failure of routine
programmed cell death, leading to the absence of normal joint space between carpal bones
[30, 31]. However, pisiform-hamate coalition does not develop in this way. The pisiform is a
sesamoid bone related to the flexor carpi ulnaris tendon and arises from its own
endochondral ossification center [27, 32, 33]. The mechanism of pisiform-hamate coalition
has been posited to result from metaplasia of the pisohamate ligament or ossification of the
distal flexor carpi ulnaris [32].

Pisiform-hamate coalition is exceedingly rare, there being only a handful of case reports in
the literature. Pisiform-hamate coalition occurs in isolation or in association with a
congenital syndrome [27] (Fig. 8). Classification of pisiform-hamate coalition is based on
the amount of osseous bridging between the pisiform and the hamate, as adopted from the
Minaar classification system for lunotriquetral coalition: type I, no osseous bridging,
resembling pseudoarthrosis; type |1, partial osseous bridging; type 11, complete osseous
bridging; type 1V, complete bridging with associated carpal anomalies [34].

Several cases of asymptomatic pisiform-hamate coalition have been described [27, 33, 35].
Symptomatic pisiform-hamate coalition has been reported to occur with or without
associated trauma. Associated pathologic features include small-finger flexor tendon
rupture, ulnar and median nerve neuropathy, and degenerative arthropathy [27, 34, 36, 37].
Surgical resection of the pisiform and hook of the hamate is the typical definitive treatment
for relief of symptomatic coalition, although screw arthrodesis has been described as an
alternative for fibrous type I coalitions [32, 34, 37].

Osteomyelitis of the carpus typically is the sequela of an open fracture, penetrating trauma,
septic arthropathy, or infectious tenosynovitis in skeletally mature patients [38]. The most
common organism associated with bone infection is Staphylococcus aureus, although
numerous pathogens are known to cause osteomyelitis [38, 39]. The clinical presentation
typically involves fever, wrist pain, edema, and erythema. The contiguous spread of
infection from elsewhere in the wrist is the typical cause of hamate osteomyelitis (Fig. 9),
and isolated infection of the hamate is rare [38, 39].

CT findings of acute bone infection are lytic bone destruction, erosion, osteopenia,
intraosseous gas, and aggressive periostitis. Chronic sequelae may result in a sequestrum and
involucrum [38]. MRI findings associated with osteomyelitis include bone marrow signal
intensity that is decreased on T1-weighted and increased on fluid-sensitive T2-weighted
images and enhancement on contrast-enhanced images [40]. Abnormal bone marrow signal
intensity in a patient with suspected infection may represent either reactive edema or
osteomyelitis, two entities that can be challenging to differentiate on the basis of MRI
findings alone [40]. Treatment of osteomyelitis suspected on clinical grounds or based on a
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positive result of biopsy or aspiration culture requires IV antibiotics and on occasion surgical
débridement [38-40].

Avascular Necrosis

The hamate receives blood supply from the ulnar artery, dorsal intercarpal arch, and
recurrent ulnar artery. Avascular necrosis of the hook of the hamate is rare. The clinical
presentation is often nonspecific; patients present with nonlocalizing ulnar-sided wrist pain.
Range of motion and grip strength are often variable [41]. Avascular necrosis is difficult to
appreciate on radiographs and CT scans. MRI reveals decreased T1 signal intensity with
variable T2 signal intensity. The diagnosis is confirmed at surgical pathologic analysis after
surgical resection for a symptomatic hook of the hamate [41].

Tumor

Tumors of the body and hook of the hamate are rare. The clinical presentation of hamate
tumors is variable. Reported cases in the literature include osteoid osteoma, giant cell tumor,
intraosseous ganglion, osteoblastoma, chondroblastoma, aneurysmal bone cyst,
osteochondroma, unicameral bone cyst, intraosseous schwannoma, and lung metastasis [6,
42-52]. Radiographs are often noncontributory in evaluation of hook of the hamate tumors.
The multiplanar capabilities of CT and MRI are more sensitive for detecting and
characterizing bony masses in the hook (Fig. 10). The definitive diagnosis of hamate tumors
is most often established at surgical pathologic analysis after surgical resection [43, 45, 50].

Conclusion

Knowledge of the anatomy, imaging appearance, and clinical management of the spectrum
of pathologic conditions affecting the hook of the hamate is important for the radiologist so
that they may guide the care of patients who present with ulnar-sided wrist symptoms.

Acknowledgments

D. L. Davis receives partial salary support for an unrelated project from the University of Maryland Claude D.
Pepper Older Americans Independence Center Junior Faculty Scholar Grant (NIA P30 2P30AG028747) and in
2016 received a research seed grant (without salary support) for an unrelated project from the Radiological Society
of North America Research & Education Foundation and Hitachi Medical Systems.

References

1. Tolat AR, Humphrey JA, McGovern PD, Compson J. Surgical excision of ununited hook of hamate
fractures via the carpal tunnel approach. Injury. 2014; 45:1554-1556. [PubMed: 24933442]

2. Blum AG, Zabel JP, Kohlmann R, et al. Pathologic conditions of the hypothenar eminence:
evaluation with multidetector CT and MR imaging. Radio Graphics. 2006; 26:1021-1044.

3. Chow JC, Weiss MA, Gu Y. Anatomic variations of the hook of hamate and the relationship to
carpal tunnel syndrome. J Hand Surg Am. 2005; 30:1242-1247. [PubMed: 16344183]

4, Stark HH, Chao EK, Zemel NP, Rickard TA, Ashworth CR. Fracture of the hook of the hamate. J
Bone Joint Surg Am. 1989; 71:1202-1207. [PubMed: 2777848]

5. David TS, Zemel NP, Mathews PV. Symptomatic, partial union of the hook of the hamate fracture in
athletes. Am J Sports Med. 2003; 31:106-111. [PubMed: 12531766]

AJR Am J Roentgenol. Author manuscript; available in PMC 2018 April 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davis

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 7

. Jackson WJ, Markiewitz AD. Osteoid osteoma of the hamate. Orthopedics. 2008; 31:496. [PubMed:

19292307]

. Bachoura A, Wroblewski A, Jacoby SM, Osterman AL, Culp RW. Hook of hamate fractures in

competitive baseball players. Hand (NY). 2013; 8:302-307.

. O’Grady W, Hazle C. Persistent wrist pain in a mature golfer. Int J Sports Phys Ther. 2012; 7:425-

432. [PubMed: 22893862]

. Cockenpot E, Lefebvre G, Demondion X, Chantelot C, Cotten A. Imaging of sports-related hand

and wrist injuries: sports imaging series. Radiology. 2016; 279:674-692. [PubMed: 27183404]

. Andresen R, Radmer S, Sparmann M, Bogusch G, Banzer D. Imaging of hamate bone fractures in
conventional X-rays and high-resolution computed tomography: an in vitro study. Invest Radiol.
1999; 34:46-50. [PubMed: 9888053]

Guha AR, Marynissen H. Stress fracture of the hook of the hamate. Br J Sports Med. 2002;
36:224-225. [PubMed: 12055122]

Xiong G, Dai L, Zheng W, Sun Y, Tian G. Clinical classification and treatment strategy of hamate
hook fracture. J Huazhong Univ Sci Technolog Med Sci. 2010; 30:762-766. [PubMed: 21181368]
Arora S, Goyal A, Mittal S, Singh A, Sural S, Dhal A. Combined intraarticular fracture of the body
and the hook of hamate: an unusual injury pattern. J Hand Microsurg. 2013; 5:92-95. [PubMed:
24426686]

Gardner S, Ruchelsman D, Mudgal C. Concomitant high-energy fractures of the distal radius and
hook of hamate. J Hand Surg Eur Vol. 2012; 37:366-367. [PubMed: 22290881]

Kose O, Ege T, Guler F. Bilateral fractures of the hook of the hamate: a bicycle handlebar injury. J
Hand Surg Eur Vol. 2014; 39:788-789. [PubMed: 23143877]

Chung US, Choi YH, Lee KH. Traumatic axial-ulnar dislocation accompanied by fracture of the
hook of the hamate: a case report. J Hand Surg Eur Vol. 2013; 38:207-209. [PubMed: 22570322]
Simunovic F, Jurk V, Stark GB, Torio-Padron N. Volar dislocation and hook fracture of the hamate:
a case report. Hand Surg. 2012; 17:387-390. [PubMed: 23061952]

Keogh, C., Bergin, D., Eustace, S. The wrist. In: Rodgers, LF., editor. Radiology of skeletal
trauma. 3. Philadelphia, PA: Churchill Livingstone; 2002. p. 779-873.

Klausmeyer MA, Mudgal CS. Hook of hamate fractures. J Hand Surg Am. 2013; 38:2457-2460.
[PubMed: 23891177]

Naito K, Yoshikawa K, Kaneko K, Obayashi O. Hamate hook non-union treated with a break-away
screw: a case report. Hand Surg. 2013; 18:417-420. [PubMed: 24156590]

Scheufler O, Radmer S, Andresen R. Dorsal percutaneous cannulated mini-screw fixation for
fractures of the hamate hook. Hand Surg. 2012; 17:287-293. [PubMed: 22745102]

Tomaru M, Osada D, Fujita S, Tamai K. Treatment of hook of the hamate fractures in adults using
low-intensity pulsed ultrasound. Hand Surg. 2014; 19:433-436. [PubMed: 25121946]

Sakuma Y, lwamoto T, Momohara S. Ununited fracture of the hook of hamate treated with low-
intensity pulsed ultrasound in an older middle-aged patient. Clin J Sport Med. 2014; 24:358-359.
[PubMed: 24389626]

Tan HK, Chew N, Chew KT, Peh WC. Clinics in diagnostic imaging (156): golf-induced hamate
hook fracture. Singapore Med J. 2014; 55:517-520. [PubMed: 25631891]

Taleb C, Murachowsky J, Ruggiero GM. Hamate hook nonunion treated with a hook plate: case
report and surgical technique. Tech Hand Up Extrem Surg. 2012; 16:194-197. [PubMed:
23160549]

Pierre-Jerome C, Roug IK. MRI of bilateral bipartite hamulus: a case report. Surg Radiol Anat.
1998; 20:299-302. [PubMed: 9787399]

Burnett SE. Hamate-pisiform coalition: morphology, clinical significance, and a simplified
classification scheme for carpal coalition. Clin Anat. 2011; 24:188-196. [PubMed: 21322040]
Xipoleas GD, Villanueva NL, Ting J. Transscaphoid trans-lunotriquetral perilunate dislocation in a
patient with a carpal coalition. Plast Reconstr Surg Glob Open. 2014; 2:e144. [PubMed:
25289337]

AJR Am J Roentgenol. Author manuscript; available in PMC 2018 April 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

Page 8

van Schoonhoven J, Prommersherger KJ, Schmitt R. Traumatic disruption of a fibrocartilage
lunatetriquetral coalition: a case report and review of the literature. Hand Surg. 2001; 6:103-108.
[PubMed: 11677672]

Ritt MJ, Maas M, Bos KE. Minnaar type 1 symptomatic lunotriquetral coalition: a report of nine
patients. J Hand Surg Am. 2001; 26:261-270. [PubMed: 11279572]

Resnik CS, Grizzard JD, Simmons BP, Yaghmai I. Incomplete carpal coalition. AJR. 1986;
147:301-304. [PubMed: 3487948]

Kawamura K, Yajima H, Takakura Y. Pisiform and hamate coalition: case report and review of
literature. Hand Surg. 2005; 10:101-104. [PubMed: 16106510]

Saylisoy S, Akcan E, Atlanoglu S, Calisir C, Inan U, Oztunali C. Incomplete left-hand and
complete right-hand pisiform and hamate coalition: multidetector computed tomography findings.
Jpn J Radiol. 2011; 29:276-278. [PubMed: 21607842]

Zeplin PH, Jakubietz RG, Schmidt K. Symptomatic congenital pisiform hamate coalition. Ann
Plast Surg. 2010; 65:396—-397. [PubMed: 20798626]

El-Morshidy AF, Rabia F, Mukaimi A. Bilateral asymptomatic pisiform and hamate coalition: a
case report. Hand Surg. 2000; 5:57-60. [PubMed: 11089189]

Louaste J, Amhajji L, Rachid K. Pisiform-hamate synostosis with ulnar neuropathy: case report [in
French]. Chir Main. 2007; 26:170-172. [PubMed: 17532245]

Tsionos I, Drape JL, Le Viet D. Bilateral pisiform-hamate coalition causing carpal tunnel
syndrome and tendon attrition: a case report. Acta Orthop Belg. 2004; 70:171-176. [PubMed:
15165021]

Ahlawat S, Corl FM, LaPorte DM, Fishman EK, Fayad LM. MDCT of hand and wrist infections:
emphasis on compartmental anatomy. Clin Radiol. 2017; 72:338.e1-338.€9.

Santoshi JA, Pallapati SC, Thomas BP. Haematogenous pseudomonas osteomyelitis of the hamate:
treatment by radical debridement and bone grafting. J Plast Reconstr Aesthet Surg. 2010; 63:189—
190. [PubMed: 19041290]

Karchevsky M, Schweitzer ME, Morrison WB, Parellada JA. MRI findings of septic arthritis and
associated osteomyelitis in adults. AJR. 2004; 182:119-122. [PubMed: 14684523]

Peters SJ, Verstappen C, Degreef I, Smet LD. Avascular necrosis of the hamate: three cases and
review of the literature. J Wrist Surg. 2014; 3:269-274. [PubMed: 25364641]

Themistocleous GS, Chloros GD, Benetos IS, Efstathopoulos DG, Gerostathopoulos NE, Soucacos
PN. Osteoid osteoma of the upper extremity: a diagnostic challenge. Chir Main. 2006; 25:69-76.
[PubMed: 16841767]

Gould ES, Cooper JM, Potter HG, et al. Case report 740: giant cell tumor of the hamate bone.
Skeletal Radiol. 1992; 21:335-338. [PubMed: 1502590]

Masada K, Kanazawa M, Fuji T. Flexor tendon ruptures caused by an intraosseous ganglion of the
hook of the hamate. J Hand Surg Br. 1997; 22:383-385. [PubMed: 9222923]

Gdoura F, Trigui M, Ellouze Z, Hamed YB, Ayadi K, Keskes H. Hamatum osteoblastoma. Orthop
Traumatol Surg Res. 2010; 96:712-716. [PubMed: 20692218]

Rhee PC, Novais EN, Shives TC, Shin AY. Chondroblastoma with secondary aneurysmal bone cyst
of the hamate: case report. J Hand Surg Am. 2012; 37:538-542. [PubMed: 22284749]
Mavrogenis AF, Skarpidi E, Papagelopoulos PJ. Solid variant of aneurysmal bone cyst of the
hamate. Musculoskelet Surg. 2010; 94:145-150. [PubMed: 21113696]

Cha SM, Shin HD, Kim DY. A solitary unilobed osteochondroma of the hamate: a case report. J
Pediatr Orthop B. 2017; 26:274-276. [PubMed: 26569429]

Jasan M, House JH, Brand JC. Bilateral unicameral bone cysts in the hamate bones. J Hand Surg
Am. 1990; 15:888-890. [PubMed: 2269779]

Gurkan V, Sonmez C, Aralasmak A, Yildiz F, Erdogan O. An unusual localization of intraosseous
schwannoma: the hamate bone. Clin Pract. 2017; 7:920. [PubMed: 28286638]

Ahlmann ER, Greene NW, Menendez LR, Stevanovic MV. Unusual locations for metastatic
malignancy of the hand: a report of three cases. J Surg Orthop Adv. 2008; 17:267-270. [PubMed:
19138500]

AJR Am J Roentgenol. Author manuscript; available in PMC 2018 April 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Davis

Page 9

52. Koyama M, Koizumi M. FDG-PET images of acrometastases. Clin Nucl Med. 2014; 39:298-300.
[PubMed: 24458182]

AJR Am J Roentgenol. Author manuscript; available in PMC 2018 April 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Davis Page 10

Fig. 1. 31-year-old man with normal wrist
A, Axial proton density—weighted MR image shows body of hamate (HB), capitate (C),

small-finger flexor tendons (F), hook of hamate (HH), ulnar nerve and branches (1), ulnar
artery (2), ulnar vein (3), flexor retinaculum (4), and median nerve (5).
B, Carpal tunnel view radiograph shows hook of hamate (HH) and pisiform (P).
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Fig. 2. Two patients with sports-related hook of hamate fractures
A, 21-year-old male baseball player with acute medial wrist pain while batting in game.

Carpal tunnel radiograph shows acute nondisplaced transverse fracture (arrow) at base of
hook.

B, 21-year-old male lacrosse player with gradual onset of wrist discomfort over several
weeks without blunt trauma. Axial CT image shows nondisplaced transverse stress fracture
(arrow) near base of hook.
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Fig. 3. 22-year-old man injured in dirt bike accident
A, Axial CT image shows acute nondisplaced transverse fracture at tip of hook (black arrow)

and nondisplaced vertical fracture of hamate body (white arrow).
B, Coronal CT image shows extent of acute hamate body fracture (arrow).
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Fig. 4. Type 1 and type 2 hook of hamate fractures
A, 63-year-old man after fall 6 weeks earlier. Sagittal CT image shows partially healed type

1 transverse fracture at tip of hook (arrow).

B, 53-year-old man after acute blunt trauma. Axial CT image shows chronic nonunion of
type 2 transverse fracture at middle portion of hook (arrow), which was incidental finding in
evaluation of acute displaced comminuted fractures at bases of fourth and fifth metacarpals.
C and D, 61-year-old woman with chronic wrist pain. Axial proton density—weighted (C)
and sagittal T1-weighted (D) MR images show chronic nonunion of type 2 transverse
fracture (arrow).

AJR Am J Roentgenol. Author manuscript; available in PMC 2018 April 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Davis

Page 14

D

Fig. 5. Type 3 hook of hamate fractures
A-C, 45-year-old man after falling down steps 5 weeks earlier. Posteroanterior radiograph

(A) shows focal lucency (black arrow) at hamate and subtle overlap of hook with fourth
carpometacarpal joint. Incidental lunotriquetral coalition is also present (white arrow). Axial
T2-weighted fat-saturated (B) and sagittal T1-weighted (C) MR images show displaced type
3 transverse fracture at base of hook (arrow) with associated bone marrow edema and
adjacent soft-tissue edema.

Type 3 hook of hamate fractures. D, 56-year-old man after recent motor vehicle collision.
Axial CT image shows acute displaced comminuted type 3 fracture of hook (arrow).
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Fig. 6. 27-year-old man after fall from bicycle
A-C, Two contiguous sagittal CT images (A and B) and axial CT image (C) show acutely

displaced hook of hamate transverse fracture (b/ack arrow) in association with acute
displaced oblique fracture of distal radius (white arrow, A and B).
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Fig. 7. Bipartite hook of hamate
A, 67-year-old man with acute wrist pain after fall from standing. Sagittal CT image shows

displaced comminuted fracture (b/ack arrow) at base of fourth metacarpal. Os hamuli
proprium (white arrow) is incidental finding. Ossicle and adjacent hamate have rounded
well-defined margins.

B and C, 41-year-old man after motorcycle collision. Sagittal CT image (B) shows bipartite
hook of hamate (arrow). Axial CT image (C) shows acute displaced avulsion fracture of os
hamuli proprium (arrow).
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Fig. 8. Two patients with pisiform-hamate coalition
A-C, 21-year-old man after motor vehicle collision. Lateral radiograph of wrist (A) shows

acute displaced comminuted distal ulnar shaft fracture. Osseous body (white arrow) was
initially thought to represent anterior capitate dislocation. However, capitate was soon
thereafter properly identified in its normal anatomic position (black arrow). Sagittal
conventional (B) and sagittal volume-rendered (C) CT images show complete osseous fusion
of hamate (asterisk) and pisiform (arrow). (A and C adapted from presentation at
Radiological Society of North America 2013 annual meeting, Chicago, IL)

D, 25-year-old woman 2 days after fall. Posteroanterior radiograph shows pisiform-hamate
coalition (black arrow) and lunotriquetral coalition (white arrow). (Adapted from
presentation at Radiological Society of North America 2013 annual meeting, Chicago, IL)
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Fig. 9. 75-year-old man with wrist sepsis that developed during long-term IV antibiotic treatment
of blood culture-positive methicillin-sensitive Staphylococcus aureus and mitral valve
endocarditis

A, Posteroanterior radiograph obtained at hospital admission shows no signs of infection.
B, Posteroanterior radiograph 5 weeks after hospital admission shows interval development
of erosions (arrows), global joint space loss, and diffuse osteopenia at carpus.

C and D, Sagittal T1-weighted (C) and axial T2-weighted fat-saturated (D) MR images 5
weeks after hospital admission show abnormal marrow signal intensity, compatible with
reactive bone marrow edema or osteomyelitis, involving hook of hamate (arrow), body of
hamate, capitate, and trapezoid bones. Synovitis of carpus and carpal tunnel flexor tendon
compartment is also present.
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Fig. 10. 63-year-old man with chronic wrist pain and inability to flex small finger
A and B, Axial (A) and sagittal (B) CT images show ovoid lytic lesion with adjacent

sclerosis centered in hook of hamate (arrow) with thin cortical defect along radial aspect of
hook. Surgical exploration 1 month later revealed small-finger flexor tendon tear. After
surgical resection of hook, pathologic analysis showed lytic mass to be posttraumatic
inflammatory cyst in setting of hook of hamate fracture nonunion.
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