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Alexander Monro 52 has been credited, possibly erroneously t, with being the 
first to  report the finding of loose osteocartilaginous bodies in the ankle joint. He 
attributed the condition to  trauma but did not classify it as a fracture. Steven- 
son 73 used the same term in describing a case which he reported in 1925. 

In 1888 Kiinig 43 observed loose bodies in joints other than the ankle. He 
referred to  them as corpora mobile and specula!( d about their etiology. He decided 
that they could not have hc;n caused by any known disease, tumor, or trauma, 
and concluded, withoct s~ll)*tantiating evide~lrc, that they must have been pro- 
duced by a process of spont:lneous necrosis. For this hycothetical mechanism he 
coined the tclrig n~fcochondrz t i sdissecans. 

The first u? the term osteochondritis dissecans as applied to  the ankluse
joint was -,.::.IP I-v Kappis 41 in 1922. After that time the names formerly used 
-1oosc odics, jolLlt mice, and corpora mobile-were used as secondary terms. 
Ostcochondritis dissecans became the accepted name and has been used by the 
majolaity of authors since 1922. 

In  1932 Rendu 60 reported a case of intra-articular fragmentary fracture of 
the tali[$ l'he lesion, as shown by his roentgenogran~s and as described in his op- 
erative ~.ote, was the same type that had been reported by Monro and Kappis. 
Rendu's t e ~  in has since been used by a few authors. 

Since 1932 two separate series of reports of osteocartilaginous lesions of the 
dome of the talus were published. In  one report the lesions were called fractures, 
in the other they were labeled osteochondritis dissecans. When the case histories 
and roentgenograms in these reports were studied c!arefully, it became evident 
that the authors of the two sets of reports were describing the same condition. In 
fact, in twenty-eight of the cases reported the authcrs used the two terms inter- 
changeably. 

Because the condition rarely occurs and has been reported under many diag- 
nostic terms, nlisconceptions and misunderstandings of the lesion have devel- 
oped. These erroneous ideas have obscured the characteristics of the condition 
that are significant to  the patient, the attending surgeon, and the organizations 
involved in compensatory payments. 

This report is intended to  draw attention to  the points of misunderstanding 
and to clarify them in the light of the information gained from a thorough study. 

PRESENT SERlES 

The following case histories are included for two reasons: to  emphasize cer- 
tain characteristics of the condition, and to illustrate the present-day differences 
of opinion among surgeons concerning the nomenclature, etiology, and treatment 
of the lesions. 

*Abridgment of the thesis submitted to the Faculty of the Graduate School of Medicine 
of the University of Pennsylvania in partial fulfillment of the requirements for the degree 
of Master of Medical Science for graduate work in Orthopaedic Surgery. 

t Monro's original report was not available to us. That report was cited bv Barth ', who 
raid that Monro's lesion was located in the knee, and by Phemister ", who snid it was in the 
a tkle. 
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989 TRANSCHONDRAL FRACTURES OF THE TALUS 

Case 1. Roentgenograms of the ankle five hours after injury showing avulsion fracture 
from the lateral border of the talar dome with detached chip lying upside down in its bed. 

CASE1. R.E.B., a male railroad worker, thirty years old, had no history of ankle dis- 
ability until June 7, 1949,when, descending from a locomotive, he stepped down with his 
left foot on an air hose and turned his ankle. There was a snapping sound in the ankle, ac- 
companied by pain anterior t o  the lateral malleolus. H e  was able to walk, but with a limp, 
and reported that he had sprained his ankle. The ankle showed the characteristics of an 
inversion sprain: tenderness about the malleolus, increased pain on passive inversion, soft- 
tissue swelling, ecchymosis, and limitation of motion. Roentgenographic examination on the 
same day showed a chip fracture of the lateral border of the dome of the talus, the chip lying 
upside down in the bed from which it  had been detached. The  other bone components of 
the ankle joint appeared to be normal (Fig. 1). 

An anterolateral incision was made a t  operation on June 9, 1949. The anterior and middle 
fasciculi of the lateral collateral ligament were found to be completely disrupted; but the 
posterior fasciculus was intact, as were the deltoid and interosseous ligaments. The joint was 
distended with partly clotted blood. Plantar flexion of the foot brought the anterior portion 
of the fracture into view beneath the anterior lip of the tibia. The inverted looae fragment was 
extracted; it  was a single, intact piece, eighteen by thirteen by five millimeters. One surface 
was covered with normal articular cartilage; the opposite surface was fresh trabecular bone. 
The crater from which the fragment had been removed also showed a surface of raw, bleeding 
bone. The lesion was clearly a new fracture. Since the fragment constituted about one-third 
of the articular surface of the talar dome, it was deemed advisable to replace it  rather than 
discard it. (The chip could be removed later if lack of blood supply should prevent union.) 
The chip was inserted in its proper position and impacted, as well as the limited access per- 
mitted, into the main fragment of the talus. A toe-to-groin cast was then applied. 

Roentgenograms made three weeks later (Fig. 2-A) showed no change from the immediate 
postoperative films. The cast was replaced by a posterior metal splint for an additional five 
weeks a t  which time graduated weight-bearing was begun. 

Roentgenograms made a t  fourteen and twenty weeks with the ankle in plantar flexion 
showed what appeared to be progressive healing of the fracture with obliteration of the frac- 
ture line (Figs. 2-B and 2-C). Clinical improvement was also noted. 

During the ninth month, however, with no further injury, there was an increase in pain 
on walking. Roentgenograms were made with the ankle in dorsiflexion and in plantar flexion. I n  
the plantar-flexion view, the fracture line appeared to be healed, but in dorsiflexion, the 
fracture line was clearly seen. I ts  appearance (Fig. 2-D) was almost identical with that seen 
on the roentgenogram made immediately after reduction. Lateral views showed the fracture 
line to  be visible, but indistinct. Operative removal of the fragment was suggested, but declined 
by the patient. \Five years after operation the patient returned for examination. He had had no further 
treatment for the ankle. He was operating a small farm as well as working full time as a 
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Figs. 2-A through 2-D: Case 1. Follow-up roentgenograms made with the ankle in plantar 
flexion a t  fourteen weeks and twenty weeks gave a false impression of progressing bone union 
because the chip was viewed through the intervening intact dome. At nine months in the pro- 
jection made with the ankle in dorsiflexion the fracture line was still visible. For correct in- 
terpretation of healing, the chip must be shown in profile on top of the dome. 

Fig. 2-A: Three weeks after operation. 
Fig. 2-B: Fourteen weeks after operation. 

Twenty weeks after operation. Nine months after operation. 

laborer, carrying logs and brush on hillsides, Notwithstanding those trying conditions, the 
ankle performed normally. The fracture line was still visible on roentgenograms made March 
1, 1954, five years after operation. 

.The good clinical result, together with the roentgenographic evidence of fail- 
ure of bone union, was interpreted as showing that the patient. had attained solid 
fibrous union which provided a useful, painless ankle. It was apparent that the 
eight weeks of immobilization had been inadequate for the formation of bone 
union. 

CASE3. J.R.R., a seventeen-year-old boy, had had no pain in his right ankle until 
November 19, 1954, when he injured it  in a basketball game. The symptoms and signs were 
those of an inversion sprain. Roentgenograms showed a small chip fracture of the middle 
third of the lateral margin of the talar dome (Fig. 3-B). Immobilization in a walking cast 
for three weeks brought no improvement. A partially detached chip fracture of the dome was 
found a t  operation on December 13, 1954. The fragment, larger than the roentgenogram had 
indicated, was removed, and the resulting crater curetted. Immobilization in a cast was con- 
tinued for five weeks. At the end of the sixth week the ankle was considered clinically normal. 
Nine months after operation the patient was free of symptoms. 

CASE6. E.J.S. was thirty-five years old and a tooler in an automobile-manufacturing 
plant. H e  had had no complaint of pain in his ankles until October 2, 1953, when he fell 
eighteen feet, from a ladder to the floor, injuring his back, pelvis, and ankles. He waa taken 
to a hospital where he was found to have a fracture of the pelvis, a compression fracture of 
the second lumbar vertebra, and sprains of both ankles. With treatment a t  that hospital he 
recovered from the fractures of the spine and pelvis, except for occasional, residual aching 
in the lumbar region. He was not told of any ankle fracture and received no treatment for 
the sprains other than the bed rest necessitated by the fractures of the spine and pelvis. H e  
returned to his work after discharge from the hospital. 

One year after his accident he was seen at  The Cleveland Clinic because of swelling and 
aching in the right ankle; both symptoms being relieved by rest, but aggravated by active 
motion. The left ankle remained free of pain unless used excessively to spare the right ankle. 
Examination showed the left ankle to be normal, but the right to  be somewhat swollen, with 
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Figs. 3-A through 3-H: Roentgenograms showing the four stages of transchondral fractures 
of the talar dome-those of the lateral margin in 3-A, 3-C, 3-E, and 3-G in the left column 
and those of the medial margin in 3-B, 3-D, 3-F, and 3-H in the right column. I n  Figure 3-H 
the displaced chip is not seen clearly, but the lateral view of the same fracture (Fig. 15-B) 
shows it  to  occupy the anterior compartment of the ankle. 

Fig. 3-A: Case 2. Lateral fracture, Stage One. 
Fig. 3-B: Case 3. Lateral fracture, Stage Two. 

FIG. 3-C FIG. 3-D 
Case 4. Lateral fracture, Stage Three. Case 1. Lateral fracture, Stage Four. 

FIG. 3-E FIG. 3-F 
Case 11. Medial fracture, Stage One. Case 13. Medial fracture, Stage Two. 

FIG. 3-G FIG. 3-H 
Case 17. Medial fracture, Stage Three. Case 7. Medial fracture, Stage Four. 

tenderness anterior to the lateral malleolus. The ankle dorsiflexed to 90 degrees and plantar 
flexed to 115 degrees. Roentgenograms made October 15, 1954, showed a normal left ankle. 
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There was an area of cortical elevation on the lateral margin of the right talus. I n  the 
roentgenographic report the possibility of osteochondritis dissecans was suggested and a small, 
loose body was noted in the medial margin of the ankle opposite the medial malleolus as 
well as an osteophytic spur that protruded from the anterior lip of the tibia (Figs. 14-C ant1 
14-D). 

Four months of conservative treatment with physical therapy gave no relief; operation 
was performed on February 22, 1955. A transverse osteotomy of the lateral malleolus gave 
wide exposure of the ankle joint. The osteocartilaginous fragment, measuring 2.5 by 13 by 1.3 
centimeters, was detached from the crater in the middle third of the lateral margin of the 
talus. Two small, loose bodies were found-one lying between the talus and medial malleolus, 
and the other attached to the anterior inferior lip of the tibia. All three fragments were 
removed. The crater of the large fragment was curetted down to trabecular bone. The 
osteotomy was secured by a screw, and a toe-to-groin cast was applied. The pathological 
report read: "Necrosis of bone adjacent to cartilaginous cap. No evidence of healing a t  present". 

Immobilization waa continued for ten weeks. The patient returned t o  light work in August 
1955, and to his regular work the following month. Six months after operation he had only 
occasional slight aching in the affected ankle and was not restricting its use. 

CASE7. M.D.F., an eighteen-year-old laborer, had had no complaint concerning his left 
ankle until November 9, 1950, when, in jumping over a conveyor system, he caught his left 
heel and fell, striking the lateral aspect of the left ankle against a steel support. Roentgeno- 
grams showed a large defect in the middle third of the medial border of the talar dome and 
a large, loose body, eighteen by seven millimeters, occupying the anterior portion of the ankle 
joint (Figs. 3-H and 15-B). At operation, on November 28, 1950, the loose fragment was re- 
moved; it had healthy cartilage on one surface and raw trabecular bone on the other. 

Seven months after operation the patient passed the physical examination for the United 
States Air Force, but for the next three years he continued to have some aching in the ankle 
on prolonged marching. Roentgenograms made two years after operation showed some filling 
in of the osseous defect of the talus and a small flake distal to  the tip of the medial malleolus. 

Case 11. M.C., a housewife, sixty-two years old, had had no disability in the right ankle 
until March 16, 1953, when she fell in a ditch, injuring the right foot and ankle. Roentgeno- 
grams showed a fracture of the calcaneus which was treated by immobilization and which 
healed without incident. No injury to  the talus was noted. Fourteen months later, on May 3, 
1954, the patient complained of pain in the right ankle. The pain was aggravated by walking 
but relieved by resting. Swelling and tenderness were present about the medial malleolue. The 
original roentgenograms were re-examined and were found to show a small lesion of the 
medial border of the talus (Fig. 3-E). Additional roentgenograms, including planigrams, 
showed the lesion still present, apparently increased in size. A diagnosis of osteochondritis 
dissecans was made. On June 2, 1954, arthrotomy of the right ankle showed a soft spot in the 
cartilage of the mid-portion of the medial border of the talar dome. The cartilage was intact. 
The soft spot was not incised or removed. A coincidental finding of stenosis of the sheaths of 
the peroneal tendons was treated by tenovaginotomy. 

During the year following arthrotomy the patient continued to complain of the same 
symptoms that she had had prior to operation. Roentgenograms made on May 2, 1955, 
showed the lesion to be still present, and the roentgenographic diagnosis a t  this time was 
compression fracture. 

The point of interest in this case was the healing of the calcaneal fracture although the 
talar fracture remained unchanged. 

CASE 13. P.P.M., a housewife, forty-seven years old, was treated for a ganglion of the 
peroneal tendon sheath of the right ankle. The ganglion was ruptured by digital pressure and 
did not recur. Routine roentgenograms made February 4, 1954, a t  the first visit, showed a fairly 
large area of osteochondritis dissecans of the medial margin of the talar dome (Fig. 3-F). The 
patient a t  first denied any injury to, or complaint of pain in, the ankle and declined treat- 
ment for the bone lesion. However, on October 13, 1955, when questioned again, she recalled 
that she had had instability of the ankle for years, that the ankle turned in while walking, +nd 
that she had occasionally experienced sharp, lightning pains in the ankle. She attributed 
these pa& to arthritis and did not consider either the pains or the roentgenographic evidence 
to  be serious enough t o  justify operation. Follow-up roentgenograms made September 30, 
1955, showed the lesion unchanged in appearance. 

CASE 17. L.B., a beauty-parlor operator, thirty-four years old, complained of pain in 
the right ankle for six months, beginning in June 1951. She said that she had sprained the 
ankle severely in 1946 but had had no medical attention a t  that time. During the five-year 
interim the ankle was free of pain. In  June 1951, with no further injury, she began to experience 
a sensation of "the bones in the right ankle seeming t o  slide over each other", and the foot 
inverted frequently, becoming progressively more painful until she could wear only low- 
heeled shoes. The foot was held in pronation, and the local skin showed numerous callosities. 
When the foot was forced in plantar flexion there was a suggestion of a palpable defect on 
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the medial margin of the superior surface of the talus. Roentgenograms made on January 2, 1952, 
showed a partly detached fragment on the medial aspect of the superior articulating surface 
of the talus, apparently under the posterior rim of the medial malleolus (Fig. 3-G). Operative 
removal of the chip was recommended, but the patient declined the suggestion. 

The symptoms subsided during the following three months. Follow-up roentgenograms 
made on May 13, 1952, eleven months after the onset of symptoms, showed: "marked im- 
provement in the appearance of the osteochondritic lesion with apparent loss of definition of 
the loose body and with resolution in the area of increased density." 

On December 8, 1952, fourteen months after the onset of symptoms, the patient again 
complained of crepitus in the ankle. Roentgenograms made on December 15, 1952, were reported 
as showing no change from those of the previous May. 

On March 2, 1954, thirty-three months after the onset of symptoms and twenty-seven 
.months after the first roentgenograms, re-examination showed the lesion to have the same 
appearance as in the first examination. The state of healing was not found to be as reported 
at  the interim examinations. 

Until May 1954, the patient continued to have intermittent and variable discomfort in the 
ankle, but was able to continue working. 

In this patient the time from original injury to follow-up was eight years; 
symptoms were present for thirty-five months; and there was roentgenographic 
proof of the existence of the lesion for twenty-seven months. 

CASE 18. On September 12, 1949, H.R., a tabulator-machine operator, thirty-thre years 
old, complained of pain of two months' duration in the left ankle. She denied injury and said 
that the pain had been gradual in onset and aggravated by walking. Adhesive strapping had 
given partial relief. Both feet were pronated; there was tendernem over the anterior aspect of 
the left ankle and slight swelling of the lower third of the leg and the ankle. Range of motion 
was from 90 to 130 degrees. Roentgenograms were reported as showing osteochondritis dimcans 
of the medial border of the left talar dome. Conservative treatment by leg cast for six weeks 
brought no improvement. 

Two months after the first visit the patient began to complain of occasional "catching" 
pain in both ankles. Roentgenograms made on November 18, 1949, showed osteochondritis 
dissecana of the superior surfaces of both tali (Fig. 15-C). Bilateral intermittent pain con-
tinued. By March 6, 1950, the pain in the left ankle had become intolerable. Arthrotomy, 
March 8, 1950, showed a loose body, one centimeter in diameter, in the posterior portion of 
the left ankle joint. Cartilage over the posterior portion of the medial border of the talar dome 
was eroded. The cartilage over a small area anterior to this was soft and boggy; this was 
removed and the underlying bone lightly curetted. The remainder of the joint looked normal. 
A boot cast was employed for seven and one-half weeks. Subsequent range of motion gradually 
increased until full movement was present eleven months after operation. During the next 
two years there were no symptoms referable to the left ankle. 

The right ankle, however, continued t o  be painful a t  intervals, with increasingly frequent 
episodes of "catching", stiffness, and aching. By December 1951, locking occurred repeatedly. 
Arthrotomy of the right ankle, March 5, 1952, showed a loose body, covered by fibrillated soft 
cartilage, on the medial border of the talar dome. The fragment, which measured one by two 
centimeters, was removed. Recovery was slower than with the left ankle. Intermittent discom- 
fort and swelling occurred during the next two years (Fig. 15-D). The surgeon in charge of this 
patient suggested that the persistence of symptoms might be due to  one or more small bone 
fragments still present in the joint cavity. 

I n  an interview with the patient on ,March 6, 1954, she was asked if she could recall any 
injury to the ankle, previous to  1949. She then recalked that she had had painful ankles 
throughout her life; that she had alwaya had t o  wear low-heeled shoes; that one foot had 
been in inversion during one winter, when she was a child; and that in 1931 she had fallen off 
the suspended rings in her high-school gymnasium, spraining her right ankle so severely that 
she limped for four months. From 1944 until 1947 her work required standing, which caused 
continuous pain in both ankles-worse in the afternoon and better after a night's rest. For 
the two years immediately preceding the date of onset, as given by her during the first 
examination, she had had a sedentary occupation and less discomfort in the ankle. During her 
original examination, when asked about the occurrence of trauma, she gave a negative amwer 
because she thought the question referred only to  recent trauma. 

CASE 23. W.C., a man, forty-seven years of age, had no complaint concerning his left 
ankle until August 15,1957, when, descending from a truck, he set his foot on a small rock which 
turned with him and sprained his ankle. 

When examined a t  the hospital immediately after his injury there waa tenderness over 
the posterior fasciculus of the deltoid ligament and over the entire lateral malleolus, together 
with a moderate degree of swelling of the ankle and limitation of motion of the foot in both 
plantar and dorsal flexion. There was no other associated injury. 

Roentgenographic examination made a t  the time of the first visit showed a tiny chip of 
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TABLE I 

ANAI~YRIROF TWENTY-FOURCASESOF LESIONSOF THE DOMEOF THE TALUS 
-- - - --- A 

Case number 1 2 d t  4 5 6 t  71. 8 t  9 10 11 
Sex of patient M F M M M M M F NR* M F 
Age at onset of symptoms 

(years)
DuraQon of symptoms 

30 62 17 32 36 35 18 52 NR 30 62 

(months) 0 0 0 0 0 14 0 36 NR 96 14 
History of trauma Yes Yes Yes Yes Yes Yes Yes Yes NR Yes Yes 
Type of symptoms (sprain 

or arthritis) Spr. Spr. Spr. Spr. Spr. Arthr. Spr. Arthr. NR Arthr.Arthr. 
Ankle affected (left or right) L R R R R R L R L R R 
Site of lesion (medial or 

lateral) Lat. 
Stage of lesion ** 

Lat. Lat. Lat. Lat. Lat. Med. Med. Med.Med. Med. 

(1,%,3,o r b ) 4 
Diagnoses recorded Cfrac-

1 2 2 3 3 4 2 1 2 1 

ture, osteochondritis disse- 
cans, or both) Both Fract. Fract. Fract. Fract. Both Fract. Both Both Both Both 

Concomitant injuries No No No No No Yes No No NR Yes 
Conservative treatment: 

Duration of treatment 
(months) 0 W % 2 2 16 % 36 NR 96 14 

Clinical results of treatment 0 ? Poor Good Good Poor Poor Poor NR Fair Poor 
Operative treatment: 

Type of operation 
(arthrotomy only, re- 
moval of chip, or r e  
placement of chip) Replace. 0 Remov. 0 0 Remov. Remov. Remov. 0 0 Arthr. 

Pathological examination 0 0 Yes 0 0 Yes Yes NR 0 0 0 
Subsequent immobiliza-

tion (months) 2 0 1 0 0 2% NR 1% 0 0 NR 
Clinical results of treat-

ment Good 0 Good 0 0 Good ' Good Good NR Fair Poor 
Follow-up duration 

(months) 60 % 9 2 2 6 58 7 NR 0 12 
X-ray appraisal of results Good 0 Good Good Good Good Good NR Fair 0 Poor 

* Items that were not recorded in the original histories are indicated by NR. 
**One feature not included in tabulations in previous reports is the stage of lesion. This is an arbitrary classi- 

fication which was developed to aid understanding of the etiological mechanism of the fracture and to help in 
determining the appropriate treatment. The stages are: 

Stage One-a small compression fracture. 

Stage Two-incomplete avulsion of a fragment. 

Stage Three--complete avulsion without displacement. 
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the bone below the medial margin of the articulating surface of the talus, apparently coming 
from the medial margin of the talus. Treatment was by compression dressing for three and 
one-half weeks. There was no improvement during this time, and the patient was admitted 
to the hospital on September 10, 1957. 

Arthrotomy of the ankle was performed on September 11 through a posterior approach, 
without osteotomy of the malleolus. A small depressed chip fracture of the posteromedial 
aspect of the dome of the talus was found. This was removed by a bone gouge and the artic- 
ular cartilage about the edge of the defect, approximately one-half of an inch in diameter, 
was beveled. A compression dressing without cast immobilization was applied. 

Postoperative progress was slow because of persistent edema of the lower leg and foot. 
The patient returned to work as a highway laborer on March 24, 1958. 

The pathological report, which included the scrapings from the crater, showed cartilage 
and cancellous bone fragment exhibiting some fibrosis and osteoblastic activity. Roentgeno- 
graphic appraisal showed satisfactory postoperative appearance, and the clinical course was 
deemed good. 

CASE24. G.H., a boy, eighteen years old, was first seen on November 27, 1956. At age 
sixteen, while playing high-school basketball, he sprained his right ankle badly; he had an 
identical injury one year later. The patient had pain, swelling, and crepitus in the ankle 
after activity; these symptoms subsided with rest. The only treatment was elastic bandage 
and application of heat. There were no concomitant injuries. 

Examination showed a complete range of motion with loud crepitus on motion; there was 
no swelling or tenderness a t  the time of examination. 
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TABLE I - Con,tinued 


12 13 14t 15 16 17 18 F t  19t 20t 21t 22t 23 24 
M F F M F F M M M M M M 

3 "Years" % 12 % 6 "8" "8" 1 120 12 24 0 0 
Yes No Yes Yes Yes Yes Yes Yes , Y e s  Yes No Yes Yes Yes 

NR Arthr. 
R R 

Spr. 
L 

Arthr. 
R 

Spr. Arthr. Arthr. 
R R L 

Arthr. Spr. 
R R 

Arthr. 
L 

Arthr. 
L 

Arthr. 
R 

Spr. 
L 

Spr. 
R 

Med. Med. Med. Med. Med. Med. Med Med. Lat. Med. Med. Lat,. Med. Lat. 

OD 	 OD OD OD B o t h O D  OD OD OD OD OD Both Fract. Fract. 
Yes Yes Yes Yes Yes Yes Yes Yes Yes No No 

3 0 1 18 33 9 19 5 122 14 24 1 0 
NR Fair Poor Fair Poor Poor Poor Poor Poor Poor Poor Poor Poor 0 

NR 0 Remov. 0 0 0 Remov. Remov. Remov. Remov. Remov. Remov. Remov. Remov. 
twice 

NR 0 NR 0 0 0 NR NR NR NR NR Yes Yes 0 

NR 	 0 Good 0 0 0 Good Good Good Good 1-Poor Good Good Good 
2-Good 


NR 20 16 18 0 33 48 24 50 3 48 22 11 4 

NR 0 Good Poor NR Poor Good Good Good Good Good Good Good Good 


Stage Four-avulsed fragment displaced within joint. 
t We do not endorse the use of the criteria good, fair, or poor with reference to the appearance of the empty 

crater in postoperative roentgenographic evaluation of patients in whom the fragment was removed, since the 
fibrous filling of the crater cannot be seen in films. The chief value of the postoperative roentgenogram is the proof 
of presence or absence of small bone fragments overlooked a t  operation. The evaluations of such cases in Table I 
were those reported by the roentgenologists, and have been included only to permit comparison with Table I1 
of Roden, ~ i l l e ~ % r d ,  and Unander-Scharin. 

Roentgenographic examination showed an avulsion fracture of the anterior aspect of 
the lateral border of the talus, a Stage Four fracture. 

Operation, performed on December 4, 1956, consisted in removal of the multiple frag- 
ments and osteotomy of the fibula to give access to  the ankle joint. A toe-to-groin cast was 
applied. 

The patient returned t o  work, operating a shoe-making machine, on January 25, 1957. 
The cast was removed on February 8, 1957. Four months after operation he had no com-
plaints concerning the ankle. All symptoms had been relieved and he was participating in 
amateur athletics without disability. 

The characteristic features of the twenty-four patients with twenty-five os- 
teochondral fractures of the superior surface of the dome of the talus are listed 
in Table I. 

REVIEW OF THE LITERATURE 

Our review of medical literature on the subject of osteochondral lesions of 
the talus has produced reports of two cases of loose bodies in the ankle joint, 
thirty cases of flake fractures, and 151 cases of osteochondritis dissecans-183 
cases in all. Eight of the patients with osteochondritis dissecans had bilateral 
ankle lesions, giving a total of 191 fractures. These reports are listed in Table 
11. 
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TABLE I1 


No. of No. of 
Entity Authors Year' Cases Entity Authors Year Cases 

Loose Bodies Monro 1856 1 Vaughan and Stapleton 
Stevenson 1925 1 Janes 

- Lavner 
Total 2 Ray and Coughlin 

Osteochondritis ' 

Dissecans 
Kappis 
Wolff 

1922 
1926 

1 
2 

Eberhard 
Soeur 

Breitlander 1927 1 Simpson 
Cordes 1927 1 Howorth 
Harms 1927 1 Green and Banks 
Vogel 
Deutschlander 

1927 
1928 

1 
1 

Roden, Tilleggrd, and 
Unander-Scharin 

Axhausen 1928 l* Anderson and LeCocq 
Diaz Garcia 1928 1 DeGinder 
Lawen 1929 4 Cameron 
Sidler 
Radicke 

1929 
1930 

1 
1 Total 

von Staa 
Fairbank 
Perez Duefio 

Flake 
Fractures 

Rendu 
Eskesen 

Hellstriim 
Ribbing 
Myhre 
Hoffmann 

Wilner 
Kleiger 
Marks 
Coltart 

Burr 
Brickey and Grow 
Mensor and Melody 

Nisbet 
Bosien, Staples, and 

Russell 
Eskesen s Total 
Lewis 
Aronason 
Cobev Grand Total, Cases 
cohen 1943 1 
Dawson 
Hutchison 

1943 
1943 

1 
2 

Grand Total, 
Fractures 

= 
191 

Lanomarsino 1944 1 
Wiiner 1946 1 I 

* 1 bilateral case each 
** 5 bilateral oases 

NOMENCLATURE 

The lesions discussed herein have been classified and reported under many 
different names. None of the names presently in use is a t  the same time accurate, 
comprehensive, and specific. Since the fracture concerned is a specific type with 
individual characteristics that set i t  apart from other fractures, i t  deserves both 
recognition and a distinctive name. The name proposed for this entity is trans-
chondral fracture, a name which is correct from both anatomical and etiological 
points of view. 

TRANSCHONDRAL FRACTURES 

Definition 
A transchondral fracture is a fracture of the articular surface of a bone, 

produced by a force transmitted from the articular surface of a contiguous bone 
across the joint and through the articular cartilage to  the subchondral trabeculae 
of the fractured bone. Either of two physical types of fracture may result. First, 
the fracture may result in a small area of compressed trabeculae, with or without 
demonstrable damage to  the overlying cartilage. Or it may be an avulsion of an 
osteocartilaginous flake. 

The transchondral fracture differs from other small compression or chip frac- 
tures because of several unique characteristics. It is difficult to recognize clinically 
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997 TRANSCHONDRAL FRACTURES OF THE TALUS 

as a fracture since i t  may occur as a result of trauma so trivial that it passes 
unnoticed, or its presence may be masked by more painful nearby soft-tissue 
injuries. The compressed or avulsed segment of bone has no soft-tissue attach- 
ments, no blood supply, and no nerve supply, and is consequently unusually sus- 
ceptible to the development of avascular, aseptic necrosis. 

Incidence 
Numerical incidence: Two hundred and fourteen transchondral fractures of 

the dome of the talus have been identified. This figure is certainly too small. It has 
been necessary, on the grounds of accuracy, to  exclude cases of chip or avulsion 
fractures of the talus that have not been described or located with sufficient pre- 

C u n a i f o r m s  

areas of 
FIQ.4 

Drawing showing the usual sites of transchondral fractures of the 
talar dome. Of 201 cases there were eighty-eight fractures in the 
lateral border (43.7 per cent), moit of which were located in the 
middle third of the border. The medial border was involved in 113 
fractures (563 per cent), usually in the posterior third of the 
border. 

stress  

cision to make certain their identity. Coltart lg reported fifty-six chip or avul- 
sion fractures of the talus, but located only one. Lipscomb and Ghormley 49 re-
ported sixteen but located none. Wilson 81 reported four cases but located none. 
Boyd and Knight gave no statistics. Only a short abstract of Brewer's report1' 
could be obtained *. 

Comparative incidence: Coltart 19, reviewing statistics of the Royal Air 
Force from 1940 to 1945, listed a total of 25,000 fractures of all bones. Of this 
number, 4,000 affected the ankle and foot. There were 114 cases of fracture of the 

*Three cases that were included in previous reviews of flake fractures of the ankle are 
not included in the present study on the ground that they did not concern fractures of the 
dome of the talus: Schnaberth's" lesion was in the subtalar joint, Schosserer'saa fracture 
was of the anterior corner of the tibia, and Schulte-Tenckhoff's'", from the lateral malleolus. 
The two lesions reported by Schulte-Tenckhoff draw attention t o  the fa'ct that the margins 
of the talus usually give way before the impacting areas of the tibia or fibula are damaged. 
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talus of which fifty-six were chip or avulsion fractures. Wilson listed seventeen 
fractures of the talus, of which four were chip or sprain fractures but, since he 
specified that these were caused by ligamentous avulsion, i t  is doubtful if his 
cases should be included. Lipscomb and Ghormley 49 reported 114 fractures of the 
talus, of which sixteen were chip fractures. On the basis of these statistics, ap- 
proximately 0.09 per cent of all fractures are transchondral fractures of the talus. 

Bosien, Staples, and Russell 7, in 1955, reviewed a series of ankle sprains in 
men in two college classes: They reported that 113 patients had incurred 133 
sprains. In  this number they identified nine cortical avulsion fractures of the 
talus, an incidence of 6.75 per cent. 

Anderson and LeCocq l, in 1954, reported osteochondritis dissecans in six 
of twenty-seven cases of sprains of the lateral collateral ligament of the ankle. 

Percent Females 30 % 

cases Males 70 

Age in Decades 

The incidence of transchondral fractures on the basis of sex and age. The 
sex of the patient was mentioned in 173 cases, of which there were 123 male 
and fifty female patients. The age of the patient was recorded in 164 cases; 
the peak incidence was in the third decade. 

Sex incidence: Of the 214 fractures reviewed, the sex of the patients was 
given in 174 cases: male, 124 cases (approximately 70 per cent) ; female, fifty 
cases (30 per cent). Most of the cases included in these figures were reported from 
military sources which could be expected to have a predominantly male popula- 
tion. 

Age incidence: The patient's age was reported in 165 cases. The youngest 
patient was five years old, the oldest was eighty. The age incidence, by decades, 
is shown in Chart I. 

Ankle affected: Of 166 fractures, the right talus was affected in eighty- 
nine patients (53.6 per cent), the left talus in seventy-seven (46.4 per cent). 

Site of lesion: Of 201 fractures in which the site was described in the text 
or shown in roentgenograms, the lesion involved the lateral border of the talus 
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in eighty-eight patients (43.7 per cent) and the medial border in 113 (56.3 per 
cent) (Fig. 4).  

Stage of lesion: The stagc of the lesion was indicated in 100 patients: Stage 
One, 15 per cent; Stage Two, 36 per ccnt; Stage Three, 28 per cent; and Stage 
Four, 21 per cent. 

The etiological mechanism that produces a fracture is usually obvious. The 
symptoms and roentgenographic appearance are characteristic. Treatment by re- 
duction and adequate immobilization ordinarily results in healing, but if immo- 
bilization is incomplete or of too short a duration, delayed union or non-union en- 
sues and may last indefinitely. 

The mechanism that causes osteochondritis dissecans, on the other hand, has 
been a matter of dispute for almost seventy years. In  1931 Wagoner and Cohn 77 
made a complete review of the literature up to that time. They listed sixty-four 
reports; trauma was noted as the causative agent in forty-one. The remaining 
twenty-three offered eighteen causes other than trauma; of these eighteen causes 
only one, arthritis, was acceptable enough to be selected by four authors. 

Most of the theories of causation, other than that of trauma, have been dis- 
carded on the grounds of lack of evidence, but some continue to have their advo- 
cates. The hereditary factor, favored by Wagoner and Cohn, was revived in 1955 
by Gardiner 31 and Pick 57. However, only six families were reported as having 
osteochondritis dissecans in more than one of their members, a fact which makes 
the hereditary theory statistically untenable. 

The theory of spontaneous necrosis has had strong supporters whose chief 
point of argument has been the fact that no other etiological factor has been com- 
pletely proved. 

The theory of trauma as the etiological factor has had the greatest number of 
adherents and has become increasingly popular. Yet some of the authors who 
espouse the case for trauma say that the exact mechanism is still unknown and 
they have been hesitant to identify osteochondritis dissecans as a fracture. Rod& 
and his associates reported fifty-five cases and attributed all of their lateral- 
margin lesions, except one, to trauma, noting that 61 per cent of their forty-one 
patients with medial-margin lesions had had trauma. DeGinder 24 attributed all 
of his nineteen oases to trauma. 

Lesions with identical characteristics have been called fractures by some 
authors and osteochondritis dissecans by others. Eskesen 28 and Wilner pre-
sented cases of fractures and of osteochondritis dissecans as different entities, but 
failed to indicate the distinctive features. 

Why have not all the cases been called fractures? The answer lies in the 
fact that i t  has not been demonstrated clearly that the diagnosis of fracture 
could be compatible with three characteristics that usually do not pertain to  frac- 
tures: (1) that a fracture could occur without recognizable trauma, (2) that the 
resulting fracture could be painless, and (3) that proper reduction followed by 
immobilization for a reasonable length of time would not produce bone union. 
Each of these three characteristics appears to  be a t  odds with one of the basic 
concepts of fractures. 

If fractures embodying all three of these characteristics could be produced 
experimentally or confinned by clinical evidence, there should remain no reason- 
able objection to classifying the lesions of osteochondritis dissecans as osteo-
chondral fractures. 

Anatomical Investigation 
Purpose: Experiments were undertaken with the hope of discovering whether 

typical lesions of osteochondral fractures and osteochondritis dissecans of the 

VOL. 41-A, NO. 6, SEPTEMBER 1959 



1000 A. L.'BERNDT AND MICHAEL HARTY 

dome of the talus could be produced in the laboratory by applying various forces 
to the ankles of amputation specimens. 

Materials: Preliminary experiments using the liillbs of cadavern froin the 
dissecting room were unsatisfactory, owing to the age and nutritional condition 
of the specimens and the alterations in the relative strength of the bone and soft 
parts caused by the materials used for preservation. Accordingly, above-the-knee 
specimens were used-ten after temporary preservation by refrigeration, and five 
immediately after operation. The. freshly amputated specimens proved to  be the 
most satisfactory. 

Methods: Some difficulty was experienced in holding the foot in the proper 
position while force was applied to  the knee and thigh. The most satisfactory 
method involved the use of a heavy block of wood made with a deeply slanting 
groove in the center (Fig. 5). The foot of the specimen was placed in the groove 

FIG.5 
Drawing of the wooden block used in anatomical experiments to secure the foot of 

the amputation specimen during manipulation of the knee and thigh. The inclination 
of the groove made it  possible to  immobilize the foot with the ankle in any desired 
position. 

and strapped tightly in the desired position. The slant of the groove and the in- 
clination of the sides permitted a choice of any combination of inversion or ever- 
sion with plantar flexion or dorsiflexion of the foot, with respect to  the vertical 
lower leg. 

The block, holding the foot, was placed on the floor and held immobile by 
one of us. The other stood beside the block, rested his left hand upon the knee 
of the specimen which was flexed to 90 degrees, leaned forward with chest upon the 
left hand to  put his body weight on the knee, then with the right hand maneuvered 
the thigh of the specimen into further inversion, eversion, or rotation of the ankle. 

When, during the application of force, the normal range of motion of the 
joint was exceeded, a cracking, crunching sound was emitted by the ankle, caused 
by tearing of the collateral ligaments and crushing of the trabeculae of the dome. 
The ankle then was dissected free and examined for damage. In  some experiments 
no damage to the talus could be found, although the collateral ligaments were 
torn. In examining the talus it  was necessary to  recall that apparently undamaged 
articular cartilage could conceal a Stage One fracture. A report of no damage to 
the talus should not be made until the talus has been sectioned through the sus- 
pected area. 
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TABLE 

Type of Manipulation No. of Experimental Fractures Produced 
Specimens 

Lateral Border Medial Border 

Recent (Refrigerated) Amputation Specimens 
Eversion + dorsiflexion 1 
Eversion +plantar flexion 1 
Inversion +dorsiflexion 2 1 
Inversion +plantar flexion 2 
Inversion +plantar flexion + rotation 4 

Fresh Amputation Specimens 
Inversion +plantar flexion + rotation 5 

- - 
1 
- 

Totals 15 1 2 

TRANSCHONDRAL FRACTURES OF THE TALUS 

I11 

The high rate of failure of the methods which occasionally produced fractures 
was due to  the fact that only one experiment could be performed upon one speci- 
men. Dissection of the ankle to  determine the condition of the talus rendered the 
specimen unfit for further testing. Perhaps roentgenographic examination of the 
specimen after the application of force would have enabled us to  determine the 
absence of fracture and have permitted us to  remanipulate specimens in which the 
first attempts failed to  produce fractures. 

INVERSION 


DORSIFLEXION 


FIG.6--4 FIG.6-B 
Pigs. 6-A and 6-B: Drawings illustrating the methods of manip~~lalion of amputa- 

tion specimens. 
Fig. 6-A: The manipulation that produced fracture of the lateral border of the talus. 
Fig. 6-B: The method of producing fracture of the medial border. 
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Lateral Lesion 
A review of the operative findings in clinical cases of lesions of the lateral 

talar border showed that the following conditions usually were attendant upon the 
lesion: the lesion was found in the middle or anterior half of the lateral border, 
and damage was limited to two sites-the talar lesion and the lateral collateral 
ligament. There was no damage to  the malleoli, to the medial collateral ligament, 
or to the interosseous (tibiofibular) ligament. Any lesion produced by experi- 
mental methods must produce the same, and no other, injury. 

t a$'a 4 
L . J4.s. 

' 5 Y  

FIG.7 
Diagram showing the etiological mechanism of transchondral fractures of the lateral border 

of the talar dome. As the foot is inverted on the leg the lateral border of the dome is compressed 
against the face of the fibula (Stage One), while the collateral ligament remains intact. Further 
inversion ruptures the lateral ligament and begins avulsion of the chip (Stage Two), which 
may be completely detached but remain in place (Stage Three) or be displaced by inversion 
(Stage Four). 

In these experiments the damage just described could be inflicted only by t'he 
maneuver of strong inversion of the dorsiflexed ankle (Figs. 6-A and 6-B). 

In  dorsiflexion of the ankle the wider anterior half of the talar dome was 
moved backward into the mortise, filling i t  snugly. In  this position lateral rota- 
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tion in the frontal plane of the talus was impossible when only a moderate invert- 
ing force was applied. With the use of excessive inverting force, the talus within 
the mortise was rotated laterally in the frontal plane, i~npacting and co~npressing 
the lateral talsr margin against the articular surface of the fibula, producing a 
small area of indentation in the talar margin-a Stage One lesion. If rotation were 
continued, a portion of the talar margin remained impacted against the fibula and 
was sheared off from the main body of the talus. This mechanism is illustrated 
diagrammatically (Fig. 7) and confirmed clinically (Figs. 3-A through 3-D). 

This mechanism produced the experimental fracture of the anterior third of 
the lateral talar border as shown in Figure %a Stage Two lesion. 

The importance of the lateral collateral ligament of the ankle in this mecha- 
nism should be noted, for it explains the difference in symptoms between the first 

Fig. 8: Photograph of transchondral fracture of the lateral border of the talar dome which 
was produced experimentally in an amputation specimen by forcible inversion of the dorsiflexed 
ankle. The fractured fragment, incompletely avulsed, is a Stage Two fracture of the antero- 
lateral margin. 

Fig. 9: Diagram illustrating the principle of torsional impaction as applied to a diarthrodial 
joint. I n  A the bones are represented by cylinders, the joint space is exaggerated for clarity, 
and the collateral ligaments are shown as thongs. In  B, rotation of the upper cylinder on the 
b e d  lower cylinder changes the direction of the ligaments, shortening their effective lengths 
and drawing the cylinders together until impaction occurs. I n  the ankle joint where the 
ligaments are taut a t  the beginning of rotation, only a few degrees of rotation are necessary 
to produce great impacting force. 

and second stages of the lateral fracture. In  the first stage the compression of the 
talar margin took place before the lateral ligament was stretched to  the point of 
rupture. As a result, a clinical Stage One lesion would be almost painless, the 
symptoms of sprain being absent,or minimal, and the compression fracture being 
paillless in itself owing to  the absence of sensory nerve endings in the articular 
cartilage and the minimal sensation in the cancellous bone which the cartilage 
overlaps 5t9,15,20,21,32. 

Before continuation of the rotation of the talus could produce the second 
stage of the lesion, the middle and anterior fasciculi of the lateral collateral liga- 
ment had to rupture, as was found in the patient in Case 1of this series. Fractures 
of the second, third, and fourth stages, all painless in themselves, then must be 
accompanied in clinical cases by the symptoms of acute inversion sprain: pain 
over the torn lateral ligaments. 

In  these experiments no injury to the malleoli, t o  the deltoid, or to the interos- 
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seous ligaments was found. Attempts t o  produce the lateral lesion by any other 
combination of movements of the ankle were fruitless. From our preliminary stud- 
ics of the ankle joint in motion, utilizing both intact and coronally sectioned 
specimens, i t  appcared that eversion could play no part in the production of either 
lateral or medial fractures because of the shortness and obliquity of the articular 
face of the medial malleolus, and the strength of the middle fasciculus of the del- 
toid ligament. We, therefore, did not sacrifice specimens needlessly in eversion 
manipulations. 

, 
Medial Lesions 

In  a review of the clinical features of medial-margin lesions the following 
points were noted. In  some cases no history of trauma could be identified (in 
thirty-three of 183 cases-18 per c e n t n o  trauma was reported). Most authors 
reported that the patient's injury had been caused by inversion or adduction of 
the foot, but four cases (Harms' 34 case, Burr's l3 first case, Ray and Cough- 
lin's 59 ninth case, Case 14 of the present series) occurred when the patient at-
tempted to  extricate the foot that had been caught by an external weight lying 
across the instep. Roentgenograms showed that the medial lesions, with one ex- 
ception, were in the posterior half of the medial margin, that  they appeared t o  be 
narrow in their anteroposterior diameter, that  they were under the posterior in- 
ferior lip of the tibia, and that in some cases that  lip of tibia appeared to have 
been indented upward (Fig. 15-A). 

Fig. 10: Photograph of transchondral fracture of 
the medial border of the talar dome which was pro-
duced experimentally in an amputation specimen by 
employing, in sequence, the forces of plantar flexion, 
inversion, and external rotation of the tibia on the 
talus. The compressed area, a Stage One fracture, is 
situated in the posterior third of the medial border, 
the site where most of the medial fractures have been 
found in clinical cases. 

These points suggested that the mechanism might be: (1) plantar flexion of 
the ankle, (2) slight anterior displacement of the tibia upon the talus, (3) in- 
version of the ankle, and (4) lateral rotation of the tibia upon the talus (Fig. 
6-B). With the employment of this sequence of forces, the following events were 
noted to take place in the ankle joint. 

In  plantar flexion of the ankle the narrow posterior half of the talar dome 
occupied the mortise somewhat loosely, owing t o  relaxation of the collateral 
ligaments, and lateral rocking of the talus in the mortise was permitted. Inversion 
of the talus turned its medial border uppermost so that the articular surface of 
the tibia rested only upon the ridge formed by the medial border of the talus. 
Slight forward displacement of the tibia on the inverted talus then removed from 
contact with the talar border all of the tibia1 articular surface except the posterior 
inferior lip. At  this stage the two bones touched each other only a t  the intersec- 
tion of two narrow ridges, the total area of contact amounting to  approximately 
one-sixteenth of a square inch, or one-sixteenth of the normal area of articular con- 
tact. This raised the pressure in this small area t o  sixteen times the normal, jeop- 
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ardizing the integrity of this small, thrust-bearing portion of the talar surface. 
The impacting force was further increased by the external rotation of the tibia 

on the talus. This caused the posterior lip of the tibia to move medially, grinding 
the posterior tibia1 lip across the talar border until the collateral ligaments becaiuc 
taut. When all slack of the collateral ligaments was fully taken up, further rotation 
of the tibia introduced an additional and powerful force of impaction owing to 

T A L U S  --

OS CAL-

CANEUM 


N o r m a L  

FIG.11 
Diagram showing etiological mechanism of transchondral frac- 

tures of the medial border of the talar dome. Plantar flexion of 
the foot with inversion, followed by rotation of the tibia on the 
talus produces a small area of compression (Stage One), the col- 
lateral ligaments remaining intact. Greater force causes the 
posteroinferior lip of the tibia t o  ride medially across the up- 
turned medial margin of the tdus, gouging out an osteochondral 
chip which is partially detached (Stage Two), completely detached 
(Stage Three), or displaced within the joint (Stage Four). The sec- 
ond stage usually is accompamed by rupture of the posterior 
fasciculus of the deltoid ligament or of the anterior fasciculus of 
the lateral collateral ligament. 
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the change in direction of the fibers of the collateral ligaments from vertical to 
spiral, shortening their effective length and drawing the tibia and talus strongly 
together. 

Tllis ~liccl~ttnisni liiigllt 1 ) ~called rot,ationttl or torsional impaction. Accord- 
ing to physicists and engineers i t  has no other name. I t  resembles, somewhat, the 
action of a screw being used to join two pieces of wood: when _the pieces come into 
contact, further rotation of the screw through only a few degrees produces a tre- 
mendous force of impaction. (An effective nutcracker can be made to  illustrate 
this mechanism by joining two wooden cylinders together end-to-end by leather 

Case 22. Photomicrograph ( X  9) of cross section of a transchondral-fracture chip from the 
talus. This free fragment was removed from the anterolateral compartment of the right ankle 
of a boy, eighteen years old, who had symptoms of two years' duration (Table I).The frag- 
ment had originated from a crater on the lateral border of the dome of the talus which, a t  
operation, was filled with firm fibrous tissue. 

The large fragment had an articular surface of hyaline cartilage. The entire fracture surface 
(broken line) was overgrown with firm fibrous and fibrocartilaginous tissue. 

thongs parallel t o  the long axes of the cylinder. By rotating the cylinders in oppo- 
site direction, the adjacent ends are impacted forcefully.) Torsional impaction oc- 
curs in any diarthrodial joint when one bone is fixed and the other rotated upon 
its long axis (Fig. 9) .  

With the knee flexed to  90 degrees the mechanical advantage of the body 
weight is forty to  one, the short arm being the radius of the tibia (one centimeter), 
the long arm being the length of the femur (forty to  fifty centimeters). This me- 
chanical system makes it possible for damage to  occur to the medial margin of the 
talus even though the rotation is stopped short of the point of tearing the pos- 
terior fibers of the deltoid ligament. The force of torsional impaction appears to 
be the principal agent in the production of the medial-margin Stage One lesion, the 
so-called atraumatic osteochondritis dissecans, when applied to  the previously 
plantar-flexed, inverted ankle. Clinically observed cases of this lesion have been 
characterized by a lack of history of trauma, owing to  the painlessness of the bone 
lesion and the fact that the collateral ligaments had not been torn. 

Further rotation of the tibia on the talus beyond the production of the Stage 
One lesion presumably resulted in rupture of the posterior fibers of the deltoid 
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ligament. The resultant freedom permitted more forward motion of the lip of the 
tibia upon the edge of the talus. This movement tended to shear off or gouge out a 
fragment of the talus to produce a Stage Two or Stage Three lesion, or if the frag- 
ment was displaced into the anterior compartment of the joint, a Stage Four le- 
sion. This mechanism is shown in diagrammatic form (Fig. 11) and in roentgeno- 
grams of clinical cases (Figs. 3-E, 3-F, 3-G, 3-H, and 15-B). 

In  the clinical cases, Stages Two, Three, and Four have been marked by ten- 
derness and pain over the posterior fasciculus of the deltoid ligament. 

This mechanism explains satisfactorily the findings in the clinical cases. The 

. - ---
FIG.12-B FIG.

Figs. 12-B and 12-C: Different areas clearly indicate living cells in hyaline cartilage, fibrous 
tissue, and fibrocartilaginous tissue. The lacunae in the bone trabeculae are vacant and the 
osteocytes are dead. 

In  such intra-articular loose bodieswithout blood supply and nourished only by synovial 
fluid-hyaline cartilage, fibrous connective tissue, and fibrocartilage can live and grow for many 
years, but bone, although it  retains its form and appearance, is dead. 

Fig. 12-B: Enlargement ( X  25) of rectangle B in Fig. 12-A. 
Fig. 12-C: Enlargement ( X  25) of rectangle C in Fig. 12-A. 

12-C 

lesion which was produced experimentally occurred in the proper location and 
only in that location; its dimensions were typical of those found in clinical cases. 
and the damage was confined t o  the same structures as those found damaged in 
clinical cases. 

The existence and significance of the force of torsional-rotation impaction 
were not noted by previous investigators of the etiology of osteochondritis dis- 
secans, although two hinted a t  it. Kappis 41, who first described osteochondritis 
dissecans of the talar dome, suggested that the mechanism involved a tangential 
twisting force, and Roesner 64 described a tangential twisting force as producing 
the lesions of osteochondritis dissecans of the knee. Neither mentioned the impor- 
tance of the role played by the collateral ligaments of the joints in producing ro- 
tational imphction. 

We suggest thai i t  was the failure t o  recognize and understand the force of 
torsional impaction that delayed, for so many years, the acceptance of osteo-
chondritis dissecans as a fracture, and that it is this force which unobtrusively 
produced these small fractures. As previously mentioned, tlie lack of pain in the 
Stage One lesions was due to lack of sensory nerves a t  the fracture site. 

Thus, two of the three objections to  the inclusion of osteochondritis dissecane 
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as a fracture have been overcome. The third, the lack of heaiing after so-called rea- 
sonable immobilization, will be discussed under the heading of pathology. 

Pathology 
Once the osteochondral fracture has occurred-whether lateral or medial, 

Stage One or Stage Four-it can heal like other fractures, but only if it is re- 
duced and immobilized until bone union has taken place. I 

In the Stage Four lesion the displaced chip cannot heal unless the fragment 

Fig. 1 3 4 :  Articular surface of an osteocartilaginous loose body removed from the knee 
of a man, thirty-two years old. At operation the fragment was lying free in the intercondylar 
notch, with no attachment to  the surrounding tissues. The crater from which i t  h,ad taken 
origin on the inferior and lateral aspect of the medial condyle was filled with firm fibro- 
cartilage. Note the smooth normal hyaline cartilage. 

Fig. 13-B: Fracture surface of the loose fragment. Note gross appearance of finely nodular 
cartilage. 

Photomicrograph ( X  13) of cross section of osteocartilaginous body. The articular surface 
(top) is composed of normal hyaline cartilage containing living chondrocytes. I n  the bone 
the lacunae are empty and there are no osteoblasts. Fibrous tissue has overgrown the 
rounded edges of the fragment, covering the fracture surface and penetrating the medullary 
spaces. About the edges and on the fracture surface the connective tissue has undergone 
metaplasia to  fibrocartilage. 

is replaced in its bed. In  the other types of fractures-Stages One, Two, and Three 
-the blood supply of the compressed or avulsed fragment has been cut off a t  the 
fracture line. The process of healing can take place only by the growth of capil- 
laries from the parent talus across the fracture line. The bone fragment remains 
in a condition of avascular, aseptic necrosis until the arrival of a new blood sup- 
ply to  nourish i t  and to bring scavenger cells to destroy the dead bone. 

The cartilaginous portion of the fragment, on the other hand, continues to  
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live because of its low metabolic requirements. Deprivation of blood supply to  
the fragment is of no consequence to the cartilage, whose cells receive their nutri- 
tion from the synovial fluid. Those cells may grow peripherally about a loose 
fragment, ultimately investing the trabecular surface with cartilage (Figs. 12-A 
through 13-D) . 

Healing of the undisplaced fractures has been reported to  occur. Cameron l4 
noted in his case report, that it  required seven and one-half months for the frac- 
ture to show roentgenographic evidence of the establishment of union. In this case, 
as in others, the recognition of healing was based on roentgenographic evidence 
and clinical relief of symptoms; both criteria have been shown to  be deceiving a t  
times. There have been no reports of exploration or pathological examination of 
the reportedly healed lesions. 

If immobilization of the fracture line is incomplete in degree or inadequate 
in duration, motion a t  the fracture line shears off the ingrowing capillaries, and 
the reparative process ceases. The at- 
tempted invasion of capillaries from 
the host (talus) apparently is a feeble 
one which is discouraged easily by mo- 
tion a t  the fracture line. There have 
been no reports to  tell how much mo- 
tion can be tolerated, or for what 
length of time motion can be pennit- 
ted before spontaneous healing can no 
longer take place. When the repara- 
tive process ceases, the host surface of 
the fracture becomes covered with 
dense fibrous connective tissue that 
seems to  be impenetrable to capilla- 
ries. The fragment becomes a dead 
prisoner in a sterile cell. 

The condition of the imprisoned 
fragment cannot improve, but there 
are several possibilities of further in- 
sult. Continued weight-bearing, with 
alternating application and release of 
pressure against the cartilaginous at- 
tachment of the Stage One or Stage 
Two fragment, may rupture the at-
tachment, converting the fragment to 
the detached Stage Three or-the dis- FIG. 13-D 

Photomicrograph (X 100) of fracture surface 
(See Fig. 1 3 - 0 .  Note fibrocartilage on fracture 

placed Stage Four lesion. Pressure may 
break off smaller fragments from the 
original fragment or from the margin 
of the crater. These satellite fragments may then be dispersed by motion to  the 
various recesses of the ankle joint (Fig. 14-C). Where such fragments lie in con- 
tact with the synovial membrane they incite irritative reactions and may become 
attached to it. The frictional effect of the uneven joint surface during exercise pre- 
sumably increases the temperature of the joint, producing the characteristic dull 
aching that accompanies synovial i r r i t a t i ~ n ~ ~ .  Ultimately, degenerative joint 
disease supervenes. Instability of the damaged talus within the ankle mortise, 
caused by deficiencies of the previously torn collateral ligaments, may lead to  
repetitions of the original sprain. Any or all of these eventualities may follow one 
fracture. 

If the necrotic fragment is removed from the joint and the fibrous coating 
of the host surface curetied away, a new reparative process may begin. It has been 
reported that the defect becomes filled with fibrous connective tissue that restores 
the original shape of the talus and is of sufficient firmness and smoothness to act 
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Fig. 14-A: Anteroposterior roentgenogram of the right ankle (Case 5).  Note that in 
this projection the medial margin of the talus is shown in profile, whereas the lateral margin 
is obscured by the superimpoeed fibula. 

Fig. 14-B: Oblique projection (10 degrees of medial rotation) of sztme ankle as F:g. 14-A. 
Note how well the talofibular joint and the lateral margin of the lateral border of the talus 
are visualized. 

Fig. 14-C: Oblique roentgenogram of the right ankle (Case 6) sixteen months after injury. 
The fragment on the lateral margin of the talus appears to be intact. A small spherical loose 
body seems to lie between the talus and the medial malleolus. 

Fig. 14-D: Lateral roentgenogram of the same ankle as Fig. 14-C. There appears to be an 
osteophyte on the anterior lip of the tibia, but a t  operation both the loose body and the 
osteophyte were found to be small pieces of the fractured talus displaced and adherent to  
the synovial membrane. 

as a satisfactory replacement for the missing bone 59. Burr l3 reported a case in 
which the roentgenograms of the fracture, made seven years postoperatively, 
showed the defect to be filled with new bone. This statement was not confirmed 
by pathological examination. 

In summary, the sequence of pathological events in the osteochondral fracture 
is: (1) occurrence of the fracture, (2) immediate development of avascular, asep- 
tic necrosis of the osseous portion of the fragment while the cartilaginous portion 
lives, and (3) either union of the fracture by creeping substitution or sequestra- 
tion and non-union of the fracture with the later complication of osteo-arthritis. 
The progress of creeping substitution is measured in months, not in weeks. Frac- 
tures involving even small fragments cannot reasonably be expected to  heal with 
the rapidity displayed by other fragments of the same size having intact blood 
supply. 

Symptomatology 
There are no symptoms that are psthognomonic of transchondral fractures 

of the ankle. We could find no record of the diagnosis having been made on the 
basis of history and physical examination alone. New, or acute, fractures usually 
were diagnosed clinically as sprains. Chronic cases were diagnosed as arthritis. 

.Acute phuse: The synil)tonis of new fractures are those of inversion sprain: 
psixi in the torn collateml liganients, swelling of the ankle, ecchyn~osis, and limi- 
tation of motion. 

Duration of acute phase: The duration of symptoms of the acute phase varied 
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from several weeks to  several months, governed by the severity of the accompany- 
ing sprain l,7918. 

Atraumatic acute phase: The only new cases in which no diagnosis of sprain 
was made were those in which a Stage One lesion occurred without accompanying 
tear of the collateral ligaments. I n  these cases of the so-called atraumatic osteo- 
chondritis dissecans, the patients did not seek medical attention until the symp- 
toms of the late, or chronic stage became manifest. 

Chronic phase: The chronic phase begins with the subsidence of symptoms of 
sprain. The severity of symptoms depends on the degree of healing of the torn 
ligaments and on the extent of the fracture. The symptoms of the chronic phase 
in Stage One, Stage Two, and Stage Three fractures are those of osteo-arthritis 
(degenerative arthritis, traumatic arthritis, and arthrosis) : freedom of pain when 
the joint is a t  rest, stiffness, crepitus, aching, swelling, and limitation of motion 
during and after exercise. In  Stage Four fractures locking occurs occasionally in 
addition to  the symptoms of osteo-arthritis and, a t  times, the symptoms of in- 
complete healing of the collateral ligaments: weak ankle, instability, pain on in- 
tersion of the ankle, and a tendency to recurrence of sprains. 

The severity of symptoms of the chronic phase is subject to unexplained va- 
riations. Some patients report freedom from symptoms for long periods of time 
between recurrences (Cases 13, 17, and 18.) 

Duration of chronic phase: The duration of symptoms of the chronic phase 
appears t o  be indefinite unless surgical intervention occurs. The longest duration 
of symptoms in a case reported heretofore was nineteen years 65. I n  the patient in 
Case 18 the duration, from childhood until the age of thirty-three, apparently was 
greater. The longest duration proved by roentgenograms was that of a case first 
reported by Hellstrom and ijstlingm,with follow-up by Aronsson of a physi- 
cian, twenty-four years old, who sprained his left ankle. Roentgenograms were 
reported a s  showing no injury. One year later, while pursuing a bus, the patient 
felt a sharp pain in the left ankle. At that time roentgenograms showed an area 
of osteochondritis dissecans of the lateral border of the left talus. The roentgeno- 
graphic appearance, when the patient was twenty-six years old, was unchanged 
and a t  thirty-eight, roentgenograms showed the lesion still not healed. I n  this case 
the duration, by history, was fourteen years and, by roentgenograms, thirteen 
years. 

Physicians who treat sprains or arthritis of the ankle should keep in mind 
the possibility of the presence of a transchondral fracture that has the poten- 
tiality, if it is not identified and treated properly, of causing prolonged disability. 
Roentgenographic examination is obligatory. A denial by the patient of injury 
or of previous symptoms should not be accepted as correct unless confirmed by 
thorough questioning (Cases 13 and 18). 

Laboratory Findings 
There were no significant variations from normal in the findings in blood and 

urine, and in cytology in cases of transchondral fractures. 
Synovial fluid from the affected ankle has been sanguineous in patients oper- 

ated on within the first few days after injury (Case 1).We have not encountered 
any reports of analyses of synovial fluid from patients with chronic conditions. 

Roentgenographic Diagnosis 
Without exception, in $he cases reviewed, the correct diagnosis was not made 

until the roentgenograms were examined. Clinical diagnoses made prior t o  that 
time were of either sprains or arthritis. Delay in having roentgenographic exami- 
nation was responsible for failure of early recognition of the osteochondral le- 
sions. In  the present series the patient in Case 6 had symptoms for one year before 
roentgenograms were made; in Case 8, for thirty-two years; in Case 10, for eight 
years; in Case 17, for five years; in Case 18, for about twenty years; and in Case 
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Fig. 15-A: Lateral roentgenogram of the left ankle (Case 14). I n  this view of a'Stage One 
fracture of the medial border of the talus the arrows indicate indentations of both the posterior 
lip of the tibia1 articular surface and of the apposing posterior medial border of the talar 
dome--evidence of impaction a t  these points. 

Fig. 15-B: Lateral roentgenogram of the left ankle (Case 7).  In  this view the large dis- 
placed fragment of this Stage Four fracture of the medial border of the talus is clearly 
visualized in the anterior compartment of the ankle joint. Compare this with the antero-
posterior view of the fracture shown in Fig. 3-H. 

Fig. 15-C: Preoperative roentgenogram of the left ankle (Case 18) showing a Stage Three 
fracture of the medial border of the talar dome. Note similarity of the appearance of. t h i s  
lesion to that shown in Fig. 3-H where the fragment was displaced into the antenor joint 
compartment. 

Fig. 15-D: Roentgenogram of the same ankle as Fig. 15-C ten months after operation. There 
is no evidence of bone growth in the crater visible in the roentgenogram. 

20, for ten years. The importance of early roentgenographic examination is ob- 
vious. 

Roentgenologists should be aware of the possibility of the transchondral 
fracture occurring as a complication of a sprain, either recent or remote, and 
should be prepared to  make an adequate number of exposures before returning a 
negative report, particularly if symptoms of a sprain are unduly persistent. 

A minimum of three views, with the foot in neutral position, should be made: 
anteroposterior, oblique (10 degrees of medial rotation), and lateral, all centered 
over the joint line. 

The anteroposterior view, the view most commonly made, usually shows the 
medial margin of the talus clearly, owing to the obliquity of the anteroposterior 
axis of the talus in relation to the mid-line of the foot, but i t  obscures the lateral 
border of the talar dome by superimposition of the lateral malleolus (Fig. 14-A). 

The oblique view in 10 degrees of medial rotation opens up the talofibular 
joint and gives a clearer view of the lateral margin of the talus (Fig. 14-B). 
This is important in determining the presence of small detached fragments which 
might be overlooked in preoperative roentgenograms (Fig. 14-C). These frag- 
ments must be removed a t  operation. 

The lateral view, although part of the dome is obscured by the overlying 
malleoli, shows the size of the lesion and indicates whether the lesion should be 
approached surgically from the anterior or  posterior aspect of the ankle (Figs. 
1-B and 15-B) . 
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In some cases (Cases 8 and 19) the original roentgenograms were reported as 
showing no abnormality, but films made several days later showed the lesions 
clearly. Although it is pobsible that the roentgenograms made immediately after 
injury might not have shown the small lesion until more separation of the fragment 
occurred, it  is more likely that the lesion was obscured by the position of the 
ankle during the first exposures. Additional roentgenograms made with the ankle 
in more dorsiflexion or wore plantar flexion, both oblique and lateral views, should 
point out the lesion. 

The appearance of a sclerotic line about the margin of the crater is suggestive 
of fibrosis of the fracture crater, implying that the lesion is a t  least several weeks 
old and that conservative treatment probably will not be successful. 

The roentgenologist should be wary of judging the progress of healing. The 
fractures in Cases 1 and 17 were reported over a period of months to  be healing 
well, yet later roentgenograms showed the lesions as unchanged from their appear- 
ance in earlier films; the errors were introduced by different positioning of the 
ankle with respect to  dorsiflexion and plantar flexion in the anteroposterior views 
(Figs. 2-A and 2-B). For appraisal of union, the fragment must be shown in profile 
on top of the dome in all films. If such precautions are taken, union, if present, can 
be demonstrated by the progressive appearance of trabeculations crossing the 
fractuv line. 

Preoperative roentgenograms can give only an approximation of the size of 
the osteochondral fragment because of the relative radiolucency of the cartilagi- 
nous component. The fragment always appears larger a t  operation than in roent- 
genographic views. 

The postopcrative appearance of these lesions will be discussed after the 
clinical appraisal of postoperative results. 

Concomitant Injuries 
Transchondral fractures of the talus have been incurred in accidents of vari- 

ous degrees of severity. In some cases the trauma was not recognized as such. Many 
cases occurred from missteps, falls, and jumps, and some as the result of vehicular 
accidents. 

As might be expected, in the majority of cases there were no concomitant 
injuries, unless the accoqpanying sprain is counted as such. Fractures of the lat- 
eral malleolus occurred in five patients, of the medial malleolus in four, of the 
body of the talus in four, and- of the calcaneus in one; all within the affected 
foot. Other and more distant fractures were reported following more serious in- 
juries (Case 6, present series). 

Conservative Treatment 
The various methods of conservative treatment employed were not described 

adequately in most of the reports reviewed. The number of weeks of treatment 
was rarely recorded. The failure to  record that information has deprived the med- 
ical profession of one of the most valuable items of information that could be 
learned about these lesions: the length of time necessary for complete immobiliza- 
tion of the ankle to  permit bone union of the fracture in children and in adults. 
Until such a standard-the minimal time necessary-has been proved i t  could be 
said that conservative treatment has not had a fair trial. 

Without that information, it  has been necessary to assume that conservative 
treatment, in some form, was,continued throughout the period of the duration of 
symptoms and the follow-up period. This arbitrary extension of the period of con- 
servative treatment may seem to be excessive until the type and intensity of dif- 
ferent methods of conservative treatment are considered. 

The types of conservative treatment mentioned were: rest, dressings, adhe- 
sive-plaster strapping, elastic bandages, braces, special shoes, casts, injections of 
procaine or hyaluronidase, and physical therapy of many types. Not mentioned, 
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but certainly a part of conservative management, were: avoidance of use of the 
part when possible, rest of the part after exercise was unavoidable, and the numer- 
ous home remedies which families and friends can suggest for the alleviation of 
joint pain. 

Since these methods do not require constant medical attention, i t  is within 
reason to presume that some type of conservative treatment to some degree was 
followed by each patient throughout the period of h'ls disability until (1) the lesion 
was cured, (2) the lesion was operated on, or (3) the period of observation 
cnded. 

Results of Conservative Treatment 
In this paper it was necessary to grade results of treatment as simply as 

possible to permit comparison between methods of treatment. A result was rated 
good if the author reported freedom from symptoms or if only slightly annoying, 
but not disabling, symptoms persisted. A fair result was credited if the symptoms 
were somewhat improved, but some measure of disability persisted. The result was 
graded poor if the symptoms continued unchanged, even though periods of free- 
dom from symptoms occurred a t  times. The requirement of later operation has been 
taken as prima facie evidence of a poor result of earlier treatment. 

Conservative treatment was reported in 168 fractures, but the results of treat- 
ment were mentioned in only 154. The results were: good in twenty-six fractures 
(16.9 per cent), fair in thirteen (8.5 per cent) and poor in 115 (74.6 per cent). 

Of the 154 fractures, fifty (32.5 per cent) required later operation. 
The astonishingly low percentage of good result,^, particularly in view of the 

statements by some authors 8,1939that these fractures are minor in character, not 
serious, and require only a few weeks of immobilization of the ankle, shows that 
the fractures have been underestimated and inadeauatelv treated. 

The popularity of conservative treatment has noi been justified in view of the 
poor results obtained. It must be noted that conservative treatment with proper 
immobilization should give good results if employed promptly and long enough, 
but the results reported up to the present indicate that in most cases the degree 
and the duration of immobilization have not been adequate. One factor that has 
contributed to the poor results of conservative treatment has been the occurrence 
of so-called atraumatic osteochondritis dissecans in which the lack of symptoms 
during the acute phase precluded treatment until the development of late (arth- 
ritic) symptoms, when conservative treatment no longer could be expected to im- 
prove conditions. 

Indications for Surgical Treatment 
Seventy-three operations were performed on seventy patients. Of these, the 

indications for operation were apparent in fifty-seven. Five who were operated on 
had new or very recent injuries (8.8 per cent). Failure of previous conservative 
treatment led to fifty operations (87.7 per cent). Failure of previous surgical 
treatment, due to incomplete removal of fragments, necessitated reoperation in 
two cases (3.5 per cent). 

Types of Surgical Treatment 
Three types of operations were recorded in seventy-two fractures: arthrotomy 

for inspection only, removal of fragment, and replacement of fragment. 
Arthrotomies without definitive surgery were reported to have been done when 

the lesions shown in roentgenograms could not be found a t  operation owing to the 
overlying cartilage's being intact. Four such arthmtomies were performed (5.5 
per cent) in the seventy-two operations. 

Removal of the fragment was the operation most often performed. It was used 
in sixty-five cases (90.3) per cent. 

Replacement of the fragment was performed in three cases (4.2 per cent). 
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Results of  Surgical Treatment 
The results of operation, on a basis of clinical appraisal, were reported in 

sixty-two cases. 
Arthrotomy, which should be regarded as having done nothing to  improve the 

condition of the lesion and as having added the trauma of surgery, was judged as 
giving fair results in one case and poor in two. Results were not reported in one 
case. 

Replacement of the fragment, employed in Stage Four lesions, produced good 
results in all three cases. H 

Removal of the chip, with results recorded in fifty-six operations, was reported 
as good in forty-seven cases (84 per cent), fair in six cases (10.7 per cent), and poor 
in three cases (5.3 per cent). Of the three cases with poor results, two were at- 
tributed to  incomplete removal of fragments a t  operation. Both were reoperated 
with subsequent good results (included in the forty-seven good results just men- 
tioned). The single remaining poor result of operation was not discussed by the 
authors. 

Complications of Surgical Treatment 
The following complications were reported: non-union in one case; incomplete 

removal in five cases, two of which required secondary operation; osteotomy of a 
malleolus, done to  obtain adequate exposure, in four cases; osteo-arthritis in three 
cases; causalgia in two cases; and infection in one. 

Results of  Treatment in Children 
The results of treatment previously given are those reported by the authors 

for all cases without respect to the age of the patients. 
Some authors, writing on osteochondritis dissecans of joints other than the 

ankle, reported that the-lesions heal spontaneously in children under seventeen 
years of age in a much higher percentage of cases than do similar lesions in adults. 
Van Demark 74 and Wiberg 78v7+eported cases in which lesions in children's knees 
healed completely during prolonged conservative treatment, the duration stated 
to be a t  least six months, without weight-bearing. Van Demark recommended the 
following general rules for treatment of lesions of the knee: if the age of the 
patient is sixteen years or less, immobilize for six months or more; if the age is 
between sixteen and twenty years, the best method of treatment is uncertain; 
if the age is more than twenty years, operate to remove the fragment. 

In order to  compare the methods of treatment and their results in the cases 
of transchondral fractures of the talar dome reviewed herein with the opinions 
previously reported concerning lesions of the knee, a review of all the reported 
cases involving the talus in children was made. 

There were no cases reported in children of sixteen years, but in fourteen 
children of fifteen years or less there were sixteen fractures (two were bilateral). 
The youngest patient was five years of age; one was nine; and the rest were eleven 
to fifteen. , 

Results of Conservative Treatment in Children 
Conservative treatment was employedin fifteen of these fractures. The results. 

were: good in three cases, fair in one, and poor in eleven. Of these fifteen con- 
servatively treated cases, seven patients were operated on a t  a later date. 

.. 
Results of Surgical Treatment in Children 

Nine operations were performed on eight children. One had a new injury. 
Seven had had previous conservative treatment. One of the latter group had a 
second operation because of incomplete removal of fragments a t  the first operation. 
The results reported were: good in eight and poor in one (Table V). 
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TABLE IV 
RESULTSOF TREATMENTAND DURATIONOF FOLLOW-UPIN ALL REPORTEDCASESOF TRANSCHONDRALFRACTURES 

Results 
of 

Treatment 0 to 1 

Conservative Treatment 
Follow-up

( Y e a ~ s )  
1 to  2 2 to 5 5 and 

Over 

No. of 
Cases 

Per Cent 
of 

Total O t o l  

Surgical Treatment 
Follow-up 

( Years) 
1 t o 2  2 t o 5  5 and 

Over 

No. of 
Cases 

Per Cent 
of 

Total 

Good 
Fair 
Poor 

Totals 

8 
2 

41 
-
51 

2 
6 

21 
-
29 

8 
2 

24 
-
34 

8 
3 

24 
-
35 

5 
0 
0 
-
5 

44 
7 
5 
-
56* 

78.6 
12.5 
8 . 9  

100.0 

* Fifty of the surgical cases had had failure of previous conservative treatment. 

3-
O 

% 

Results 

T r e s k e n t  
Not 

Given 

TABLE V 
RESULTSOF TREATMENTAND DURATIONOF FOLLOW-UPOF TRANSCHONDRALFRACTURESIN CHILDREN 

Conservative Treatment Surgical Treatment 
Follow-up Per Cent Follow-up

(Years) No. of of Not (Years)
b to 1 1 to 2 2 to 5 5 and Cases Total Given 0 to  1 1 to 2 2 to  5 

Over 
5 and 
Over 

t 

No. of 
Cases 

Per Cent 
of 

Total 

3 
Good 
Fair 
Poor 

0 
0 
1 
-

1 
0 
2 
-

0 
1 
2 
-

1 
0 
1 
-

1 
0 
5 
-

3 
1 

11 
-

20.0 
6 .7  

73.3 -

-! 1 
0 
0 
-

2 
0 
1t 
-

1 
0 
0 
-

2 
0 
0 
-

2t0 
0 
-

8* 
0 
1 
-

88.0 
0 . 0  

12.0 
-- 

u 
C( 

o 
3 
2
Wz 

Totals 1 3 3 2 6 15 100.0 1 3 

* Seven surgical cases had had failure of previous conservative treatment. 
t One patient operated on twice: poor results after incomplete removal a t  first operation; good results after second. 

1 2 2 9 100.0 
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Summary of Treatment in Children 
On the basis of the results of treatment in children i t  would appear that the 

conservative treatment of ankle lesions was not so successful as that reported by 
Van Demark and Wiberg in knee lesions. Perhaps the duration of immobilization 
for those children in whom the talus was involved was not so long as that recom- 
mended by Van Demark; the duration was not recorded, although follow-up was 
listed in seven cases as varying from five months to twelve years. All of these 
patients had poor results. 

In brief, the methods of treatment in children under sixteen years of age were 
productive of the same results as in adults; conservative treatment gave poor 
results, operative treatment gave good results. 

Duration of Follow-up 
The duration of the follow-up periods of treatment of these fractures was 

adequate to  permit evaluation of the various methods of treatment employed. The 
periods of follow-up for the conservatively treated cases were approximately the 
same as for those treated surgically (Table IV) . 

The appraisal of results af treatment by clinical methods within a few months 
after treatment is open to challenge, no matter what method of treatment has been 
employed. All methods of treatment had in common some period of immobilization 
which would give a t  least temporary benefit; this in turn, if appraised too early, 
might be mistaken for a good final result. Furthermore, since some patients expe- 
rienced long periods of complete freedom from symptoms only to  have later recur- 
rences,, appraisal too early again might give false information. It is suggested that 
a period of two years of follow-up be designated as the minimal acceptable dura- 
tion in future reports. 

Roentgenographic Evaluation of Treatment 
After all types of treatment, except that of removal of the fragment, the inter- 

pretation of follow-up roentgenograms does not present any problems not already 
encountered in the preliminary roentgenographic diagnosis of the lesion. 

If the fragment has been removed, little information can be expected from 
postoperative roentgenograms as far as the progress of the crater is concerned 
(Table I).Filling of the crater by fibrous connective tissue could not be expected 
to  show in the roentgenograms. Burr l3reported that the crater filled with bone in 
seven years. 

The greatest value of the postoperative roentgenographic examination lies in 
the identification of residual small fragments as the cause of continuing symp- 
toms. 

LESIONS O F  OTHER JOINTS -

The lesions discussed in this paper, with the exception of the case described 
in Figure 13, pertained only to  the talus. Although we have not performed ana- 
tomical experiments on joints other than the ankle, we believe that the conclusions 
reached in this study concerning the etiological mechanism and methods of treat- 
ment apply with equal accuracy to  the lesions of osteochondritis dissecans that are 
found in other joints-particularly that of the medial condyle of the knee-and to  
fractures of the radial head. 

- SUMMARY 

Detached osteochondral fragments from the dome of the talus have been de- 
scribed in orthopaedic publications by a variety of confusing terms. A clarifica- 
tion of this conflicting terminology is suggested. 

We believe that the traumatic etiology of the lesion has been confirmed both 
clinically and experimentally. The problems of clinical and roentgenographic diag- 
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nosis are discussed and illustrated by case histories. Various f o m  of treatment 
are evaluated, and the prognosis appraised. 

NOTE: We express our gratitude to the attending surgeons who permitted the incorpora- 
tion in this report of the histories and roentgenograms of their cases: Dr. G. W. Bennett, 
Case 21; Dr. Robert R. Crawford, Case 7; Dr. William M. Davis, Case 3;  Dr. Z. B. Frieden- 
berg, Case 18; Dr. M. C. Goodman, Cases 14, 17, and 20; Dr. W. H. Hull, Case 12; Dr. A. W. 
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