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Abstract
Chondromyxoid fibroma is a benign yet highly recurrent
neoplasm of bone, usually found in the metaphyseal seg-
ments of long bones. We present the case of an unusual
diaphyseal chondromyxoid fibroma of the radius and review
the literature regarding these rare chondroid neoplasms.

hondromyxoid fibroma (CMF) is an extremely

rare, benign lesion of bone, representing less than

1% of all benign and malignant tumors of bone.!-?

Predominantly a lesion of adolescence and young
adulthood, CMF has cartilaginous origins but prominent
features of both myxomatous and fibrous tissues.® It has a
strong tendency to occur in the metaphyseal area of long
bones and a predilection for the lower extremities, particu-
larly the proximal tibia.? Although CMF has been described
in almost every bone in the body,!? its presence in the
diaphyseal region of the long bones of the upper extremity
is exceedingly rare. Some 95% of CMFs in long bones are
found in the metaphyseal region.” To our knowledge, up
until now this lesion has yet to be described in the diaphysis
of the humerus or radius. Here we report the case of a CMF
presenting in the radial diaphysis and treated with wide
resection and bridging autologous fibula grafting.

CASE REPORT
A right-hand—dominant man in his early 40s presented for
evaluation of left forearm pain 2 days after sustaining minor
trauma in a fall. He indicated he had had intermittent pain
and swelling in the forearm for about 1 year preceding the
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fall but had not had the forearm evaluated by a physician. He
had no history of trauma to the extremity before the fall.
Physical examination (gross inspection) revealed a slight
prominence on the left arm. The patient had full range of
motion (ROM) to flexion and extension at the elbow and
the wrist. The only discomforting motions were full supina-
tion and pronation, as well as resisted flexion of the elbow.
Neurovascular assessment and the rest of the musculoskel-
etal examination were unremarkable, and there were no skin
changes. The patient indicated no family history of neoplas-
tic disorders or any recent constitutional symptoms.
Baseline laboratory studies were obtained during the ini-
tial phase of evaluation. Hemoglobin, hematocrit, and white
blood cell count were normal. C-reactive protein was margin-
ally elevated (2.21 mg/dL; normal, <0.8 mg/dL), and erythro-
cyte sedimentation rate was 17 mm/h (normal, <20 mm/h).
Radiographs at presentation showed a well-circum-
scribed, geographic, expansile lesion in the midshaft
portion of the radius (Figure 1). There was evidence of
cortical thinning with disruption consistent with either a
pathologic fracture or a cortical breakthrough of the lesion.
No discernable matrix was present within the lesion, and
there seemed to be no pronounced periosteal reaction. The
lesion appeared to be centrally based, without extension
beyond a well-defined sclerotic rim of bone.
The patient was immobilized in a sugar-tong splint for
comfort during additional imaging studies—a chest radiograph
and computed tomography (CT) scans of the lesion and chest.

Figure 1. Anteroposterior and lateral radiographs of lesion at
initial presentation. Note expansile nature and sclerotic rim of
bone at proximal and distal extent of lesion.
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Figure 2. Computed tomography scan of lesion with intralesion-
al calcification. Cortical disruption is apparent.

A magnetic resonance imaging (MRI) study of the lesion was
obtained to evaluate the overlying soft tissues. The CT scan
of the chest was normal; the CT scan of the lesion (Figure 2)
showed intralesional calcification and an area of cortical disrup-
tion; and the MRI scan showed a mildly heterogenous signal
with no soft-tissue extension of surrounding edema.

An incisional biopsy was performed to obtain tissue
for pathologic evaluation. Meticulous hemostasis was
achieved, obviating the need for drain placement. An open
biopsy technique was used to minimize the likelihood of
an incorrect diagnosis secondary to limited sample size.
Pathologically, the biopsy tissue sent was found to be CMF.
Tissue sent for culture was negative. Because of the high
risk for local recurrence associated with intralesional curet-
tage and bone grafting, we proceeded with wide resection
of the lesion and structural fibular autografting.

The entire length of the radius was exposed through
an anterior approach,* and the lesion was exposed with a
cuff of normal tissue at its periphery. The lesion, though
expansile, did not invade the surrounding tissue layers and
was resected en bloc with wide margins. Lesion dimensions
were 10x2x3 cm (inclusive of 0.5 cm of normal cortical
bone at either end of the lesion); the lesion encompassed a
large portion of the central third of the radial shaft.

The lesion had lobulated areas—hypocellular, myxoid lob-
ules interspersed with areas that were more hypercellular. The
hypocellular areas contained abundant myxoid matrices punc-
tuated by stellate cells with indistinct cytoplasmic borders, and
the hypercellular areas contained angulated cells in a predomi-
nantly chondroid matrix. Occasional giant cells were identified
in the hypercellular areas. Representative microphotographs
(Figures 3, 4) show the pathology. The preceding changes were
seen mostly toward the periphery of the overall lesion; the cen-
ter of the lesion consisted predominantly of aneurysmal bone
cyst (ABC)-like changes, as well as fibrosis. Hemosiderin-
laden macrophages were found adjacent to the ABC-like areas,
suggesting remote hemorrhage. The surrounding lamellar bone
showed changes of bone regeneration. The lesion did not pen-
etrate the cortex; all inked margins were negative for tumor.
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Figure 3. Hypercellular areas contain angulated cells in a predomi-
nantly chondroid matrix; occasional giant cells are identified in
hypercellular areas (hematoxylin-eosin, original magnification x400).
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Figure 4. Hypocellular areas contain abundant myxoid matrix
punctuated by stellate cells with indistinct cytoplasmic borders
(hematoxylin-eosin, original magnification x400).

Two of the authors harvested the midportion of the right
fibula along with a nutrient vessel for the purpose of micro-
vascular anastomosis, using a second set of instruments,
as the lesion was excised from the arm. The autograft
was positioned to bridge the cortical gap in the radius and
secured with a 3.2-mm LCP Locking Compression Plate
(Synthes, West Chester, Pa). Tight cortical apposition, fore-
arm rotation, and appropriate radiocarpal orientation and
alignment were confirmed with fluoroscopic imaging.

After fixation was achieved, the vessel dissected as
the nutrient vessel of the fibula to be anastomosed with a
branch of the radial artery was found to be of insufficient
length to proceed with the vascularization portion of the
grafting procedure. We decided to proceed with nonvascular-
ized fibular autografting. The procedure ended with wound
irrigation and layered closure.

In the immediate postoperative period, the patient was
immobilized in a sugar-tong splint. At initial follow-up,
he was switched to a Munster-style cast to limit forearm
rotation. Three weeks later, a short-arm cast was applied,
and it was maintained for another 6 weeks. At just more
than 3 months after surgery, a radiograph showed evi-
dence of bridging callus at the proximal and distal oste-
otomy sites.
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Figure 5. Elbow and
wrist range of motion

3 months after surgery.
Operated side is on left.

Three months after surgery, the patient had excellent ROM,
without pain at the osteotomy site (Figure 5), from full exten-
sion to 115° of flexion. He lacked 10° to 15° of terminal supi-
nation and pronation and had occasional numbness along the
dorsal radial border of the wrist and into the thenar eminence.
He was allowed to proceed with a cock-up wrist splint at this
point, with restrictions against heavy lifting.

By 7 months after surgery, the patient had advanced with
occupational therapy to full ROM of the forearm and had
returned to work. A follow-up radiograph showed osseous
bridging at both osteotomy sites with graft incorporation. At
most recent follow-up, 12 months after surgery, the patient
showed no radiographic evidence of recurrence and had
excellent osseous bridging of osteotomy sites (Figure 6).

DiscussioN
CMF was first described as a clinical entity by Jaffe and
Lichtenstein® in 1948. In their series, they reviewed cases previ-
ously encountered while investigating chondrosarcomas. The
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Figure 6. Anteroposterior and lateral radiographs 12 months
after fibula autograft reconstruction. Note cortical bridging at
both osteotomy sites and maintenance of radial length.

usual clinical presentation was that of mild, intermittent pain
over several months. Although their numbers were small (8
patients), their clinical description of the lesion and its key fea-
tures was remarkably accurate and remains largely true today.

CMF predominantly affects young people, usually those
in the second or third decade of life.!->%7 The male-to-female
ratio is roughly 1.5 to 1. CMF is the least common benign
tumor derived from cartilage.®!° It has been well described
that the lesion has a predilection for the long bones, particu-
larly those of the lower extremity, with the proximal tibia
and distal femur having the highest incidence rates.!®!!
There have been a significant number of CMFs occurring in
the small bones of the hands and feet and in the axial skel-
eton, the spine, and the craniofacial osseous structures.

As noted, the anatomical location of the lesion is most
commonly the lower extremity, particularly the proximal
end of the tibia.!** Less common anatomical sites are the
sacrum,'? the thoracic or lumbar spine,13 the craniofacial
bones,'* and the apophysis of long bones in skeletally
immature people.!®> Adler® reported a CMF associated with
an ABC of the metadiaphyseal region of the radius. Although
hypervascularity is not a common feature of CMF,'> ABCs
can be engrafted on primary CMFs.!® Wilson and col-
leagues!! evaluated the radiographic features of 38 CMFs,
only 1 of which was confined solely to the diaphysis of a
long bone. In their review of the literature (356 reported
CMFs up until then), only 9 lesions in series with at least 20
cases occurred in the radius. On the basis of our review of
the series reported, none has specifically documented a case
within the diaphyseal portion of the radius.

Radiologically, the overlying cortex is thinned but is usually
intact, and there is no periosteal reaction.®!'! The tumor gener-
ally conforms to the affected bone, is ovoid, and tends not to
be invasive?®; is eccentric in location and has a well-defined
sclerotic margin'; and is in a metaphyseal location.” Marin
and colleagues'® reported on MRI findings that CMFs are
heterogeneous depending on the degree of vascularity of the
fibrous areas and presence of cystic areas within the lesion.



Diagnostic Considerations

The differential diagnosis of CMF is broad and var-
ied: chondroblastoma, unicameral bone cyst, enchondro-
ma, ABC, giant cell tumor (GCT), and chondrosarcoma.
Because of the expansile nature of the lesion, the calcified
matrix, and cortical destruction, chondrosarcoma was high-
est on our list of differential diagnoses. Certain clinical
and radiographic variables distinguish CMF from the other
lesions mentioned, but pathologic confirmation is vital in
making the definitive diagnosis.

An enchondroma is an intramedullary lesion with a
calcified matrix that does not typically expand the cortex
and histologically consists of calcified hyaline cartilage.!”
Unicameral bone cysts are typically not seen after skeletal
maturity; they yield a pure fluid signal on MRI and usually
do not expand the cortex beyond the width of the adjacent
physis. ABCs typically occur in people younger than 20
and cause pain and swelling'8; by virtue of hemorrhagic
fluid cavities, they give a “fluid-fluid” level on MRI.

Chondroblastomas and GCTs are similar in radiographic
presentation, except that chondroblastomas occur in the
skeletally immature and GCTs in the skeletally mature.”>'3
Although these lesions share the upper tibia and the distal
femur as their most common sites of clinical presenta-
tion with CMFs, chondroblastomas and GCTs are epiphy-
seal lesions,’ typically with eccentric nonsclerotic borders.'8
Histologically, chondroblastomas are relatively hypocellular
and show ‘“chicken-wire” calcification'’; GCTs have many
multinucleated giant cells of the same size.'®

Chondrosarcoma is the most worrisome of lesions in the
differential with CMF, but it tends to calcify more readily
and to be associated with periosteal reaction and develop-
ment of Codman triangles. Although thorough knowledge
of the radiographic and clinical presentation of CMFs and
of those lesions within the differential can lead one to the
diagnosis, pathologic correlation is necessary, as malignant
transformation has been known to occur. Histologically,
chondrosarcomas have a well-differentiated hyaline matrix,
lack a fibrous component, and demonstrate cellularity that
is almost exclusively chondroblasts.'#

The gross appearance of our patient’s lesion is not
dissimilar to what other authors have described. CMF is
often glistening, lobulated, and bluish white.” Others have
reported that it is gray and gelatinous.?’ Regardless of the
gross appearance, histologic evaluation is critical to diag-
nosis and treatment. Thus, as was done in this case, a frozen
section is obtained before definitive treatment.

Moreover, histologic evaluation is needed to determine
appropriate treatment because the radiographic characteris-
tics of CMF can so closely resemble those of malignant pro-
cesses.® The World Health Organization defined CMF as a
“benign tumor characterized by lobulated areas of spindle-
shaped or stellate cells with abundant myxoid or chondroid
intercellular material separated by zones of more cellular
tissue rich in spindle-shaped or round cells with a varying
number of multinucleated giant cells of different sizes.”?!?2
In a series by Wu and colleagues,' 4 distinct matrix patterns
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CYTOGENETIC ASPECTS

Several investigators citing cytogenetic studies have
indicated varied genetic abnormalities associated with
CMFs. Although there appear to be clonal abnormali-
ties involving the short arm of chromosome 6 in CMF,
chondrosarcomas also often have abnormalities of this
chromosome. Halbert and colleagues®* were among the
first to report on chromosome 6 abnormalities in CMF;
there was an uneven reciprocal translocation involving
the 6q arm. Previous reports described translocations
between chromosomes 2 and 5% and between chromo-
somes 2 and 13.26 Safar and colleagues®’ reported on the
recurrent nature of chromosome 6q aberrations in CMFs
but suggested that location and type of genetic abnor-
mality vary. As new technologies arise and the field of
molecular genetics develops, diagnosis may progress
beyond the need for tissue biopsy.

were identified: macroglobular, microglobular, mixed, and
no pattern. Desai and colleagues®>® described the histo-
logic appearance as bluish myxochondroid lobules with
increased peripheral cellularity and occasional giant cells.
Although karyotype analysis was not performed in this case,
it is certainly of interest to review the literature on this aspect
of the diagnosis of the lesion (see Box above).

Treatment Options

Surgical curettage plus bone grafting is an accepted treat-
ment for CMF®2® but has been suggested to have a higher
recurrence rate.'>?2° En bloc wide excision was used in our
case to minimize risk for recurrence, alleviate the potential
for fracture of the thin cortical rim after intralesional curet-
tage, and achieve rigid internal fixation and structural support
to permit early motion and rehabilitation. As it happened, a
structural defect was created by virtue of the segmental bone
loss secondary to tumor resection, and vascularized bone
grafting is indicated in such cases.*

Vascularized fibular bone grafting was first described
by Taylor and colleagues®' in 1975. Compared with
nonvascularized grafting, vascularized grafting results in
faster union, preserves circulation, and improves stress
response.’*3? These advantages must be weighed against
the potential adverse outcomes associated with disrupt-
ing the vascularity of the extremity, particularly when the
viability of the distal structures is entirely dependent on the
vessel used for the graft anastomosis.3> With regard to treat-
ment of distal radius resections with nonvascularized fibu-
lar grafts, results have been favorable.333* Although union
may occur sooner in vascularized graft, higher nonunion
rates have not been observed in nonvascularized grafts in
the presence of adequate stabilization.>> In our patient’s
case, the decision to proceed with vascularized autologous
fibular bone grafting was based on patient preference and
on wanting to avoid the potential disease transmission risks
of allograft and to maximize the likelihood of early union
and return to function.
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A preoperative Allen test®® was performed to confirm ade-
quate collateral blood supply to the fingers through the ulnar
artery in anticipation of potential surgical modification of the
radial artery. After the graft was stabilized with a spanning lock-
ing plate, the vascular pedicle of the fibula was found to be of
insufficient length to perform a tension-free end-to-end anasto-
mosis with the perforating branch to the brachioradialis that had
been isolated for that purpose during the exposure. Because the
patient had a normal Allen test, a direct end-to-end anastomosis
with the radial artery itself was briefly considered, but it was not
technically feasible because of the lumen diameter mismatch
between the donor radial artery and the recipient fibular vascular
pedicle at the level of the midforearm. An end-to-side anasto-
mosis into the radial artery was also contemplated, but it would
have introduced risks for bleeding and thrombosis with potential
distal embolization to the radial digits—risks we thought were
too high. We were comfortable proceeding with a nonvascular-
ized fibular autograft because previously reported success rates
were still reasonably high.3334

Adjuvant treatment, such as radiation therapy, is contraindi-
cated in primary resection because it has been associated with
increased risk for malignant transformation.'31%10 Radiotherapy
is recommended in recurrent disease, which is not uncommon
in bony lesions but is very rare in soft tissue.?

CONCLUSIONS
CMF is an extremely rare cartilaginous primary lesion of bone,
and its obscure presentation pattern makes diagnosis difficult,
particularly when the anatomical location is atypical. The diag-
nostic challenge begins with determining the potential of the
lesion to be a malignant process and proceeds with determining
the most stable treatment method. The risks of aggressive surgi-
cal resection must be weighed against the likelihood of recur-
rence if excision is inadequate. Our patient’s case is unique in 2
ways. First, the unusual anatomical location (in the diaphyseal
portion of the radius) led to suspicion of many other pathologic
processes; CMF was not part of the initial differential diagnosis.
Second, a nonvascularized fibula graft was used for structure
stability without compromising distal extremity vascularity.
Although early union was apparent on radiographs at most
recent follow-up, long-term clinicoradiographic evaluation for
this lesion should be done every 3 months for 3 years, every
6 months for 2 years, and on a yearly basis thereafter to track
ultimate incorporation and rule out recurrence of the lesion. We
hope this report offers further understanding of this rare lesion.

AUTHORS’ DISCLOSURE STATEMENT
The authors report no actual or potential conflict of interest in
relation to this article.

REFERENCES

1. Wu CT, Inwards CY, O'Laughlin S, Rock MG, Beabout JW, Unni KK.
Chondromyxoid fibroma of bone: a clinicopathologic review of 278 cases. Hum
Pathol. 1998;29(5):438-446.

2. Mirra JM, Picci P, Gold RH. Intramedullary cartilage and chondroid producing
tumors; chondromyxoid fioroma. In: Mirra JM, Picci P, Gold RH. Bone Tumors:
Clinical, Radliologic and Pathologic Correlations. Philadelphia, PA: Lea & Febiger;
1989:623-648.

3. Enneking WF. Cartilage lesion of bone: chondromyxoid fioroma. In: Enneking WF.
Musculoskeletal Tumor Surgery. New York, NY: Churchil Livingstone; 1983:932-939.

34 The American Journal of Orthopedics®

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

30.

3

=

32.

33.

34.

35.

36.

Hoppenfeld S, deBoer P. Surgical Exposures in Orthopaedics: The Anatomic
Approach. 3rd ed. Philadelphia, PA: Lippincott Wiliams & Wilkins; 2003.

Jaffe HL, Lichtenstein L. Chondromyxoid fiboroma of bone: a distinct benign
tumor likely to be mistaken especially for chondrosarcoma. Arch Pathol.
1948;45:541-551.

Alchermes SL, Rusnack T, Alchermes LA. Chondromyxoid fioroma: a rare benign
bone tumor. J Am Podliatry Assoc. 1984;74(7).363-367.

Robbin MR, Murphey MD. Benign chondroid neoplasms of bone. Semin
Musculoskelet Radiiol. 2000;4(1):45-58.

Adler CP. Case report 338: chondromyxoid fibroma (CMF) of the radius associ-
ated with an aneurysmal bone cyst (ABC). Skeletal Radliol. 1985;14(4):305-308.
Schajowicz F, Gallardo H. Chondromyxoid fibroma (fioromyxoid chondroma)
of bone: a clinico-pathological study of thirty-two cases. J Bone Joint Surg Br.
1971;53(2):198-216.

Marin C, Gallego C, Manjén P, Martinez-Tello FJ. Juxtacortical chondromyxoid
fibroma: imaging finding in three cases and a review of the literature. Skeletal
Radliol. 1997;26(11):642-649.

Wilson AJ, Kyriakos M, Ackerman LV. Chondromyxoid fibroma: radiograph-
ic appearance in 38 cases and in a review of the literature. Radiology.
1991;179(2):513-518.

Rodgers WB, Kennedy JG, Zimbler S. Chondromyxoid fiboroma of the ala of the
sacrum presenting as a cause of lumbar pain in an adolescent. Eur Spine J.
1997,6(5):351-353.

Cabral CE, Romano S, Guedes P, Nascimento A, Nogueira J, Smith J.
Chondromyxoid fibroma of the lumbar spine. Skeletal Radliol. 1997;26(8):488-
492.

Bauijat B, Attal P, Racy E, et al. Chondromyxoid filbroma of the nasal bone with
extension into the frontal and ethmoidal sinuses: report of one case and a review
of the literature. Am J Otolaryngol. 2001;22(2):150-153.

Park SH, Kong KY, Chung HW, Kim CJ, Lee CJ, Kang HS. Juxtacortical chon-
dromyxoid fibroma arising in an apophysis. Skeletal Radiol. 2000;29(8):466-
469.

Zillmer DA, Dorfman HD. Chondromyxoid fioroma of bone: thirty-six cases with
clinicopathologic correlation. Hum Pathol. 1989;20(10):952-964.

Guidici MA, Moser RP, Kransdorf MJ. Cartilaginous bone tumors. Radiol Clin
North Am. 1993;31:237-259.

Levine SM, Lambiase RE, Petchprapa CN. Cortical lesions of the tibia: character-
istic appearances at conventional radiography. Radiographics. 2003;23(1):157-
177.

Huvos AG, Marcove RC, Erlandson RA, Miké V. Chondroblastoma of bone:
a clinicopathologic and electron microscopic study. Cancer. 1972;29(3):760-
771,

Troncoso A, Ro JY, Edeiken J, Carrasco CH, Murray JA, Ayala AG. Case report
798: recurrent chondromyxoid fibroma in connective tissue of leg. Skeletal
Radiiol. 1993;22(6):445-448.

Schajowicz F, Ackerman LV, Sissons HA. Histological typing of bone tumours.
Interational Histological Classification of Tumors, No. 6. Geneva, Switzerland:
World Health Organization; 1972.

Fletcher CDM, Unni KK, Mertens F, eds. World Health Organization Classification
of Tumours. Pathology and Genetics of Tumours of Soft Tissue and Bone. Lyon,
France: IARC Press; 2002.

Desai SS, Jambhekar NA, Samanthray S, Merchant NH, Puri A, Agarwal M.
Chondromyxoid fibromas: a study of 10 cases. J Surg Oncol. 2005;89(1):28-
31.

Halbert AR, Harrison WR, Hick MJ, Davino N, Cooley LD. Cytogenetic analysis of
a scapular chondromyxoid fioroma. Cancer Genet Cytogenet. 1998;104(1):52-
56.

Tarkkanen M, Bohling T, Helié H, et al. A recurrent chondromyxoid fibroma with
chromosome aberrations ins(5;2)(q13;p21p25) and 2p deletions: a case report.
Cancer Genet Cytogenet. 1993;65(2):141-146.

Bridge JA, Sanger WG, Neff JR. Translocations involving chromosomes 2 and
13 in benign and malignant cartilaginous neoplasms. Cancer Genet Cytogenet.
1989;38(1):83-88.

Safar A, Nelson M, Neff JR, et al. Recurrent anomalies of 6925 in chondromyxoid
fioroma. Hum Pathol. 2000;31(3):306-311.

White PG, Saunders L, Orr L, Friedman L. Chondromyxoid fibroma. Skeletal
Radliol. 1996;25(1):79-81.

Feldman F, Hecht HL, Johnston AD. Chondromyxoid fibroma of bone. Radiology.
1970;94(2):249-260.

Green DP, Hotchkiss RN, Pederson WC, Wolfe SC. Vascularized bone grafting.
In: Green DR, Hotchkiss RN, Pederson WC, Wolfe SC. Green’s Operative Hand
Surgery. 5th ed. Philadelphia, PA: Elsevier; 2005:1777-1811.

. Taylor G, Miller GD, Ham FJ. The free vascularized bone graft: a clinical extension

of microvascular technique. Plast Reconstr Surg. 1975;55(5):533-544.

Malizos KN, Zalavras CG, Soucacos PN, Beris AE, Urbaniak JR. Free vascular-
ized fibular grafts for reconstruction of skeletal defects. J Am Acad Orthop Surg.
2004;12(5):360-369.

Van Demark RE Jr, Van Demark RE Sr. Nonvascularized fibular autogratft to treat
recurrent giant cell tumor of the distal radius. J Hand Surg Am. 1988;13(5):671-
675.

Noellert RC, Louis DS. Long-term follow-up of nonvascularized fibular autografts
for distal radial reconstruction. J Hand Surg Am. 1985;10(3):335-340.

Lackman RD, McDonald DJ, Beckenbaugh RD, Sim FH. Fibular reconstruction
for giant cell tumor of the distal radius. Clin Orthop. 1987;(218):232-238.

Allen EV. Thromboangiitis obliterans: methods of diagnosis of chronic occlu-
sive arterial lesions distal to the wrist with illustrative cases. Am J Med Sci.
1929;178:237-244.



