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ABSTRACT

Isclated subcortical trabecular bone injury (bone
bruise) has rarely been described. Our purpose is to
report a seres of patients who had a history of trau-
matic injury, knee effusion, normal adiographs, and
inftial equivotal physical examination for ligament and
meniscal integrity, ang who were found to have iso-
kated injury of the trabecular bone on magnetic reso-
nance imaging. We evaluated demographic data,
physical examination findings, radiographs, magnetic
resonance imaging, and clinical cutcome for 23 pa-
tients. Foliow-up data included time to retum to prein-
jury activity level, Intemational Knee Daocumentation
Commitiee activity level rating before and after injury,
and postinjury Lysholm scores. All magnetic reso-
nance imaging scans wers negative for assaciated
grade |l meniscal lesions and ligament injury. Time to
retumn to preinjury activity level was under 7 months #n
96% of the patiernts. Pastmjury Intemational Knee Doc-
umnentation Commitiee rating was unchanged in 91%
of patients. Postinjury Lyshobm score was 90 or more in
91% of patients. We propose that the recognition of
these injuries is important because magnetic reso-
nance imaging can distinguish them from meniscal or
ligamert injury requiring surgical infervention (arthros-
zopy). if detected on magnetic resonance imaging as
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an tsolated injury, surgical arthroscopy is unnecessary
since these patients can ba expected to recover well in
the shoet testn with restricted weightbaartng and initial
activity medification.

Bone broises are a heierogeneous group of injuries rang-
Ing from diffuse trabecular involvement to localized injury
contignons te the subchondral plate with cortical fracture
and extension te the srticulsr surface. Magnetic resc-
nance imaging has led to recogmition of these lesions,
especially in sssociation with ligament injury. Rone
bruises associated with ACL ruptures and medial collat-
eral ligameni injuries have been previously report-
e, B8 ULLZ A6 . climieal aigniﬁc:mme, lone-term com-
sequences to articnlar cartilage (much as depeneration),
and the most appropriste initial treatment (weightbear-
ing statos] await long-term follow-up studies. Few studies
have clinically described isolfted subcortical trabecular
bone injory as the initial injwry in acute knee tranma in
the athlete 5-21-1317 Thage few reports have consisted of
radiographic descriptions without clinical detail of treat-
ment or dinical outeomen. The prrpose of this paper is to
report a series of patients who had & history of fraumatic
mnjury, knee effosion, normal radiegraphs, and initial
etuivorcal physicsl examinations for ligament and menis-
cal integrity, who were found to have isolated inury of the
trabecular bone an MRL

MATERIALS AND METHODS

We evaluated demographic data, physieal examination
findings, radiographs, MRI seans, amd elinieal avnteome for
23 patiemt= with isglated subcortical zabecular bome in-
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Jury who were seen for evaluation of an acute knee injury
hetween December 1900 and July 1997, Follow-up data
were obtained between April 1995 and January 1998,
Demographie dats recorded fncluded age, sex, mechaniam
of injury, activity at the tme of infury, date of infury, date
of MRI, and date of final evaluation. Ingtial and final
physical examination findings were noted. Subjective fal-
loww-op incleded time to retum to preinjury activity level,
International Enee Documentation Committes (TRIK) ac-
tivity level rating both before and after injury, and postin-
jury Lysholm scores.

BRadicgraphe, meluding at least AP and lateral views,
obtained when the patiznts were initizlly examined were
read as negafive in all patients. An MRI scan was ob-
tained in all cases and evaluated by an experienced mus-
culoskelets] radiolggist. Many of these patients were high-
lewel athletes desiring aggressive disgnosis and treatment
for their injuxies o allow early return to activity. The MRI
sean was ebtained to fully evaluate patients with normal
radiographs, effugions, and signs and symptoms consis-
tent with possible meniscal or cruciate ligament injuries.
The MRI exsmination consisted of oblique sagitial T2-
weighted, sagittal intermediate spin density, and T2-
weighted jmages, and T1-weighted corenal images on a
16T mammet.'® Sapittal gradient echo images were ob-
tained in some patients. The Tl-weighted imapes were
pexformed with a repetition time (TR} of 600 msec and
echo time (TE) of 15 meac, The T2-weighted imeges were
performed with 2 TR of 2000 to 2500 meec and a TE of 80
to B0 mzec. Intermediate spin density imames had a TR of
2000 to 2500 maee and TH of 20 msee. Evidence of liga-
ment mjury, meniscal injury, and suhrertical trabecular
bone injury was recorded In addition to being prosper-
tively read by experienced rmusculoskelets]l radiclogists,
all scans were reviewed at the time of initial patieat
evaluation by three anthors (RWW, KPS, TJL), and diag-
nosia and treabment were determined.

In addfiion, a]] scana were retrospectively reviewed by &
sepior author 8 well ar by 2 second orthopaedic surgeon
(TJL: 2nd RWW, respectively), and hone braise types were
classified based on Vellet’s classification for this type of
injury.’® A reticolar lesion was defined as consisting of
serpiginous regions of dimduished T1-weighted signal in-
fensity distant from the subchondral bone plete. A gao-
graphic legion was defined as a discrete focus of low signal
intengity on a T1-weighted image that was confluent and
demenstrated contiguity to the subchondral plate. & lin-
epr gobeortieal fracture was defined a5 a lepion with 2
diserete linear zone of diminished signal intensity on the
Tl-weighted images thet was usually less than ar equal to
2 mm wide, with a sharp zone of {ransition to the adjacent
marrow fat. An impaction fracture waz defined ss a lesion
with depressinn of the srticolar surface in comunction with a
geographic type lesiom. An osteochondral fractire was de-
fined a= a geographic lesion with a diserete low signal inten-
sity interface marginating the lesion from the surrounding
trabecular bone and commmunicating with the joing Epace.

All patients seen within 2 weeks of injmry were freated
with either protected weaghthearing or restriction from
running, jumpmg, or other impact activity. The patients
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were treated with pradual return to activity when the pain
end effusion had subsided. Those patients seen after 2
weeks were started on a pradual return-to-activity pro-
gram with weighthearing as telerated. Wedghibearing was
allowed for all patients when i could be accomplished
withput pain. A rehabilitation program eonsisting of pen-
eral range of motion and quadriceps and hams=tring mux-
cle strengthening wa nsed in conjunction with a return to
sport-specific functional activities. The patient’s Vellst
elessification did not changs his or her treatment plan.

RESULTS

Twenty-three patients with isolsted subeortical injury
were identified between December 1990 and July 1997
The average age of the patient= was 25.6 years (range, 12
to 5b; 8D, 11.6}, with the majority of patients (78%, 18 of
23) younger than 30 years of age at the time of injury.
There were 15 men and & women. Ail patients had a
hiztory of knee trauma, with the mnet common mecha-
nizm peing hyperextenaion (80%, 7 of 28), followed by
twigting injury (26%, 6 of 23}, or a fall (17%, 4 of 25).
Fifteen (65%) were contactrelated injuries. Sports were
the activity at injury in 83% of patients (19 of 23), All
patients initially had an effusion and equivocal examins-
ton for eruciate Hgsment laxity or meniscal integrity with
a subsequent normal repeat examination on the follow-up
vigit onee initial guarding froem acvte travwma, effusien
and range of motion improved. No patient demonstrated
vars or valgns instability at the time of initial or repeat
examination. Mo patient demonstrated physical examing-
tion gigns of ACL laxity at follow-p wisita.

All MBI seans were obtained within 3 weeks of injury,
with an average of 7.6 days. All MRI scana were negativa
for associated grade Il meniscal lesiona and complete
ACL or PCL rupture or collateral lipement injury.

Vellet's classificakion systera for describing a bone
bruise type was used. According to this system, thers were
seven gepgraphic fractures (Fig. 1), seven ostenchondzal
fracinres, three ¥near subeortical fractures, three reticu-
lar fractures, and no impaction fractires. Three patients’
MET: were nat available for retrospective bone bruise type
cleseification (Tahie 1).

Fallow-up ranged from 4 momths to 4.5 years, with an
average of 218 months. Nineteon of 28 final evaloations
were performed ak 1 year or more from the time of injuey
(Tekle 2). The range of time to return to preinjury activity
Ievel averaged 3.2 mamths, with 91% (21 of 238) returning
at 6 montha or less. One patient, an elite-level triathlets,
returned to his preinjury activity level after 12 months.
Time to retwn to activity was not dependent on the Vellet
tlassification of bone bruise type. Avarage Teturn, to setiv-
Hy for reficular-type injuries was 3.0 months; for peo-
praphic injuries, 3.1 monthg; for linear subcortical inju-
ries, 3.0 months; and for ceteachondral fractuves, 3.4
maontha.

The preinjury IEDC activity rating was strenwous in
51% of patients (14 of 23), moderate in 22% (5 of 23), light
m 4% (1 of 23), and sedentary in 13% (3 of 23) (Table 2.
The postinjury rating was unchangoed in %1% (21 of 23)
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Figure 1. A, sagital view of 2 geographic fracture, T2-
weighted scan. B, corenal view of a geographic fracture,
T2-weighted scan.
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{Ta.:t:rle 2). All patients but ong, B3% (13 of 14}, maintained
their preinfury strenuous ectivity rating (IEDC) at the
e of follow-up evaluation. Percent performance of the
injured knee relative to the noninjured knee was 10045 in
22 of 28 patients before injury (Table 2). This remained at
25% to 100% after injury in 15 of 23 patients (65%),
declined by 10% in 5 (13%), by 15% tn 20% in 2 (9%, and
by more than 20% ir 3 (13%). Deapite the fact that thers
was 2 decrease in nine patients’ subjective impreseion of
thepeafnrmannenftheﬁritﬁuredkneempamdwﬂ:hthe
mnu'a]ai:eralknee,unl?t?mpaﬁenmhadadecreaseiu
activity level.

Thepuatinjurylﬁ'ﬂhnhnmwaagreaterthﬂn or equal
to 9 in 21 of 28 patients (91%). All patients reported fill
range of metion st the time of follow-up.

DHSCUSSION

It is accepted that osseous snheortical lesions that appear
as an area of intermediate or low signal intensity oo T1- or
intermediate weighted MR images and inrressed signal
an T2-weighied imapes reprezent localized areas of acute
hemorrhage or edema and are secondary to microfracture
of the adjacent medullary trabeculae. %227 Marks ot
al.® investigated bone seintigraphic findings in 12 petients
who had sabchondral injury demanstrated oo MRL All
showed foral bone activity by acintigraphy. These resnlis,
in addition to acute resolution of medullary changes on
T2-weighted images noted by Speer et al,™ support in-
terpretation of these changes as representing acute injury,
4z opposed to a chronic process. Deapite the ability of MRL
to detect trabecalar bone injury, the dinical sipnifigance
and long-term sequelae of thiz type of injury remam
pooxly defined,

Studie= that have retrospectively correlated arthro-
scopic findings with a bone bruise on MRI have noted
variable asgociation with gross erticulsr cariilage abnor-
mality. Mink and Deutsch® and Lynch et al* reirospes-
tively attempied to correlate findings. Lynch et al. found
28% of type I and type IT tegions {11 of 39) were assosiated
with changes in the overlying cartilage. Seventy-five per-
cent of type III lesions (D of 12) were associated with
changas; howgver, fhese lesions occurred in patients with
degenerative changes on piain radiographs. A type I find-
ing was defined as a diffuse; often reticalated sipnal in-
tensity loss in the metaphyseal and epiphyseal regions, A
type II Joss was associated with an interruption in the
emooth, back cortical line. A type IIT finding was defined
as a profound sigual intensity loss primarily restricted to
the ymmediate rubcortical region. Although clinical histo-
ries were incomplete, only 8 of 246 grade ITT lesions were
sssociated with clear-cut tranmatic events. Althoarh Vel-
let et al.*® performed a prospective study of 120 patients
who had scute hemarthrosis, all of whom underwent MRI
and arthroseopy, they did not specifically address correla-
ticn belween osteqchondral lesions noted on MBI with the
gite of the hone bruise when observed arthroscopically.
Eighty-six of these 120 patients were found to have secult
fractures on MRY. They do report a subset of 21 patients
with normal artieniar cartilage at the thme of initial ar-
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TABLE 1
Dmgmphimanﬂlﬂjﬂwﬂechanismuftheﬁﬁminthisﬁhﬂy
Ags Sex Injury mechanizm Activity ot injury Thont o Sy ML injory type”
17 F Hyperextension Backethall 5 v
19 F Fall Skriing 4 v
40 F Twist Horse riding 10 v
20 M Hyperextension Foothall 1 I
18 F ' Tzt Soccer 7 m
17 M Impaet ATVA 14 o
25 M Hypavertension Baskethall 2 Ungvailable
15 F Unknurem Soccer 14 v
24 ity Sliding Softhal] 12 I
a3 F Twiat Bliing n v
.74 M Hyperexiension Foothall 2 o
2h M - HypemeRtensim Bagkethail 1 v
a5 M Hyperavtension Besketball 15 Unavailable
28 M Impact HNo aport 8 n
4B M Fall Ne eport. 4 v
55 F Fall Nuo sport 1 mi
20 M Fall . Hockey 14 T
20 M Tepeasct: Hueleenyr 7 Unavailable
i3 M Twiat Saceer T 1
2T M Hyperexiensicn Faotball 1 I
26 M Twist Fouthall 1 m
24 M Tmpant Foothall 1 i
12 F Twist SocceT 2 1
= Vellet’s classifieation of bune o0 MRE; T = reticular; 7 — ie; IIT = linear subenrtical; IV = impactivn fracture; ¥ —
osteachondral fractere. Hond geopraplic
throscopy who underwent repeat MRI at 6 to 12 months Spindler et al.'® prospectively determined that two fnd-

after imjury. Om follow-—np MEI scans of these 21 patients, irgs on MRI were significantly associated with lateral
&§7% demonstrated osteochondral sequelae at the aite of femoril condyle articnlar cartflege injory identified at the
initial geographic injury, with no sequelee noted at their time of arthroscopy: a thin and impacted sthehondral

associaied retictlsr signal changea aites. bame in the presence of a bone bruise apd abnormal car-
TAELE 2
Fonstions? Regulta of the Fatients in this Study
Hatarn to
Falow-ap .. Perfiwmpoes ared with prenjury
{manthg) Awtivity level™ uﬂmmm % Iﬂ’fm eetivity level
Preinjury Postict Preinjary —— {manthz)
4 1 1 100 100 LIl 2R
39 2 2 100 a6 85 3
18 4 4 100 &5 a0 3
12 1 1 10) 100 190 b
35 1 1 100 100 1K) B
9.5 . - 100 75 i 0.5
12 1 1 1M 14065 10Kk 4
30 1 | 100 B0 95 L)
18 i 1 100 o0 95 3
12 3 4 100 3 90 i)
13 1 1 100 100 100 1
a0 1 | 100 100 100 1
M 1 1 100 T o5 6.7
309 1 I 100 100 o5 12
a4 4 4 100 S} o0 25
1& 4 4 a0 80 51 1.5
13 2 2 140 o5 o5 3
18 1 1 100 100 100 |
1q o 2 100 104 100 3
15 1 1 L 100 100 L&
18 1 1 1403 10 100 15
12 1 1 100 100 100 L6
4 a 2 100 100 100 3

1, shremamy; 2, moderats; 3, Yight; 4, sodentary.
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tilage sipnal. However, no studies documemted clingcal
outeomes at follow-up of these MRI findings. Our study
demongtrates that isolated lesions have » favorable short-
term recovery with resiricted weiphtbearing and initial
activity modification.

Beveral studies indicate that blomt artienlar cartilage
mjury, Evenwhmnntmadilyﬁm'bleminiﬁal EroEs in-
spection, may have significant effects on futmre cartilage
metabelisw.'~%1* The long-term functional sipnificance
of irabecular injary an MRI remains to be dstermined by
evalnation of associated degenerative changes st a mini-
mum 3 to 10-year follow-up.

This is the first report of initial MBI findings and elin-
ical outeome of isolated cases of bone injury without assoc-
ciated ligament injury. We propose that this entity needs
to be included in the differentiz] dingnosis of the scutely
traumetized knee in athletes and, when foumd, has z
favorable short-tere prognosis withomt need for arthros-
copy io evalnate for an ismtranrticular eansze of effasion.

CONCLUSIONS

We postulate the group of injuries previously described as
bone braiges represents a spectrem from medullary tra-
beeular frectore to osteochomdral fracture with cortical
distaption. Protected weighthearing until walking pain-
free with a gradual return to fonetional sport activities in
these patienta allowed a retum to activity by an average of
3 mounthe. We propose that it i= impertant to recognize
these injuries and that MRI is a_pseful adjunct to distin-
goish them from mendseal or Jigament injury reqeiring
surgicel mtervention, I deteeted an MAT as an isolated
mjury, surgical arthroscopy i= unnecessary for further
evalustion to Toutinely rule oot mweniseal or ligament ab-
normality. These patients can be expacted to recover wall,
with ghort-term restricted weightbearmy and initia! ac-
tivity modification. Forther extended follow-up i= required
to define the longterm significance of these injuries.

Owdeene of Knze Bone Bruise Detectod one MBI Ga7
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