g ¥ olslaks 2] A|204 A 5E
J. of Korean Orthop. Assoc.
Vol. 20, No. 5, October, 1985

R4 1Y BT ARF Sdett AHBF FUY A4
At ols e A3

et
01 E - 7Y - AEY

ogh
ﬁ

= Abstract=

Avascular Necrosis of the Femoral Head
following Treatment of Congenital Dislocation of the Hip

Duk Yong Lee, M.D., Kyu Yub Hwang, M.D. and Jong Sup Shim, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University Hospital,
Seoul, Korea

Avascular necrosis of the femoral head has been recognized as one of the most serious and frequ-
ent complications following the initial treatment of congenital dislocation of the hip. It is now well
accepted that this particular complication is iatrogenic and may be avoided by careful and adequate
treatment.

The reported incidence of avascular necrosis is variable because of various methods of treatment and
different diagnostic criteria.

We retrospectively reviewed 130 patients(144 hips) with congenital dislocation of the hip, who were
treated at Seoul National University Hospital during 10 year-period from January 1974 to December
1983, and found 13 patients (13 hips) with avascular necrosis of the femoral head.

We analyzed avascular necrosis following treatment of congenital dislocation of the with respect to
various methods of treatment, possible causes, types of avascular necrosis, to radiological findings, and
to functional results.

1. The incidence of avascular necrosis following treatment of congenital dislocation of the hip in our

series was 9.09(13/144 hips).

2. The average age of the patients with avascular necrosis was 3 years, the youngest being 4 mon-
ths and the oldest being 10 years. The average follow-up period was 2 year and 2 months.

3. The incidence of avascular necrosis in the closed reduction series was higher in those between 6
months to 18 months with 10.5%, as compared to 7.1% in those 6 months and under 6.7% in
those 18 months and over.

In the open reduction series, the incidence increased as the age increased, being 5.9%, 12.4%, 15
% in the groups 18 months to 3 years, 3 to 6 years, and 6 years and over, respectively.

4. The incidence of avascular necrosis in those who had priliminary traction was 8.3 %, where as
that in those who had not was 16.6 %, being twice as much.

5. The incidence of avascular necrosis decreased as the traction time prolonged, being 9.0% in 7
days or less, 7.7% in 8 to 14 days, 7.1% in 15 to 21 days and nil in 22 days or more.

6. The incidence of avascular necrosis in the skin traction group was 5 times as much with 115 %,
as in the skeletal traction group with 2.29, despite older age in the latter.

7. The incidence of avascular necrosis in the open reduction group was slightly higher with 9.5 %,
than in the closed reduction group with 8.6 %.
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8. All 6 cases of avascular necrosis following closed reduction occurred when Lorenz or frog-leg

cast was applied initially after reduction despite attention to avoid extreme abduction.

Avascular necrosis were not encountered in those who had Lange or human position cast as the

initial form of immobilization.

9. In the closed reduction, avascular necrosis occurred 8.1% in those who had adductor tenotomy

and 10.0% in those who had not.

In the open reduction, avascular necrosis occurred 7.9% in those who had adductor tenotomy and

18.1% in those who had not, suggesting significant role of adductor tenotomy in the prevention of

avascular necrosis.

10. Avascular necrosis was attributable to excessive abduction in 7 hips, to undue pressure of femoral

head in one hip, to open reduction in 3 hips, to post-operative infection in one hip, and to non-

union of subtrochanteric osteotomy in one hip.

11. Of the 13 hips, following roentgenograms were available in 11. According to the classification of

Bucholz and Ogden, type I, II, III, IV were 7, 0, 3, and 1 hips, respectively.

12. Functional results of the 13 hips of avascular necrosis, according to Kalamchi and MacEwens’ cri-

teria, were Good, Fair, Poor in 9, 3, and 1 hips, respectively.
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Table 1. Criteria for the diagnosis of total avascular necrosis(Salter, Kostuik, and Dallas, 1969)

(1) Failure of appearance of the ossific nucleus of the femoral head during one year or longer
after reduction.

(2) Failure of growth in an existing ossific nucleus during one year or longer after reduction.

(3) Broadening of the femoral neck during one year after reduction.

(4) Increased radiographic density of the femoral head followed by radiographic appearance of
fragmentation.

(5) Residual deformity of the femoral head and neck when reossification is complete. These
deformities include coxa magna, coxa plana, coxa vara, and a short broad femoral neck.

; One of the five points is required to make the diagnosis

Table 2. Criteria for the diagnosis of partial avascular necrosis(Gage and Winter, 1972)

(1) Residual deformity of the femoral head two years or more after closed reduction(usually a
mild flattening of the medial aspect of the femoral epiphysis).

(2) Abnormalities in a specific area of the epiphysis visible on roentgenograms made within tw-
elve months of reduction. The changes occasionally progress to fragmentation of the epiphy-
sis in the area that later shows residual deformity bus more commonly are manifest as a fa-
ilure of ossification of the nucleus in the corresponding area one year following reduction.

(3) Roentgenographic evidence of viability of the remainder of the femoral head.

Table 3. Age and sex in CDH patients

Initial Sex Site Total

Age M F Lt. Rt. Both Pts. Hips(%)
0 —6m. 0 13 10 3 0 13(3*) 13( 9.0)
6m. —18m. 4 35 20 14 5 39(8 ) 44(30.5)
18m. —3yr. 4 41 29 12 4 45(7 ) 49(34.0)
3yr. —6yr. 2 15 8 6 3 17(8 ) 20(13.8)
6yr. —20yr. 0 16 10 T4 2 19(9 ) 18(12.5)
Total 10 120 77 39 14 130(35) 144(100)

* Secondary treatment

Table 4. Incidence of avascular necrosis

Initial No. of No. of avascular Sex Site
Age ) CDH necrosis(%) M(%) F(%) Lt.(%) Rt.(%)
0 —ém 13 1(7.6) 0 1 1 0
6m. — 18m. 44 4(9.0) 1 3 3 1
18m. — 3yr. 49 3(6.1) 1 2 2 3
3yr. — 6yr. 20 2 (10.0) 1 1 1 1
6yr. — 20yr. 18 3(16.7) 0 3 3 1
Total 144 13( 9.0) 3 (30) 10(8) 10(8) 6 (11.3)
ARA nad &7 3=} 1309 F dabsb 109 = 6704 o]4 184 wlmk Zhx} 399 (442,
ofz}7t 1207 0 8 of xp7} 12444 phgtow ik*ol 30.5%) Zrbs 18 Yol 4k 34 0| vke] = °4zlis4
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Table 5. Onset of avascular necrosis (following

reduction)

Onset No. of hips(%)

0 —lyr 5(38.4)

lyr. —2yr. 7(61.5)

2yr. —3yr, 0(0.)

3yr. — *1(7.7)

Total 13(100)

‘4T22—Yr.: initial treatment elsewhere

Table 6. Age and traction method

No traction Skin Skeletal Traction total
Methods

Avascular Avascular Avascular Avascular
Age Overall necrosis(%) Overall necrosis(%) Overall necrosis(%) Overall necrosis(%)
0 —6m. 4 0( 0) 9 1(11.1) 0 0(0 ) 9 1(11.1)
6m. —18m. 4 0( 0) 39 4(10.0) 1 0(0 ) 40 4(10. )
18m. —3yr. 2 1(50) 33 2( 6.0) 14 00 ) 47 2( 4.3
3yr. —6yr. 2 1(50) 3 1(33.3) 15 0(0 ) 18 1( 5.6)
6yr. —20yr. 3 2(66.7) 13 1(6.6) 18 317 )
Total 12 2(16.6) 87 10(11.5) 45 1(2.2) 132 11( 8.3)
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Table 7. Traction period

Total

Overall

22 days—

Overall

15—21 days

Overall

8—14 days

Overall

0—7 days

Overall

Period

AVN(%) AVN(%) AVN(%) AVN(%) AVN(%)

AVN(%)*

Overall

Age

13

—6m.

44

39

6m. —18m.

49

14

33

18m.—3yr.

20

3yr. —6yr.

18

6yr. —20yr.
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Table 8. Initial reduction method

Closed Open Total
Method
Avascular Avascular Avascular
Age Overall necrosis(%) Overall necrosis(%) Overall necrosis(%)
0 —6m. 13 1(7.1) 0 0(0.) 13 1(9.1)
6m. —18m. 88 4(10.5) 6 0(0.) 44 4( 9.1)
18m.—3yr. 15 1(6.7) 34 2( 5.9) 49 3(6.1)
3yr. —6yr. 4 0(o0 ) 16 2(12.4) 20 2(10 )
6yr. —20yr. 0(0 ) 18 3(15. ) 18 3315 )
Total 70 6( 8.6) 74 7( 9.5) 144 13( 9.0)
Table 9. Initial immobilization technique in closed reduction
Position Lorenz Lange Human Total
Age Overall AVN(%) Overall AVN(%) Overall AVN(%) Overall AVN(%)
0 —6m. 10 1 1 0 2 0 13 1
6m. —18m. 24 4 6 0 5 0 35 4
18m. —3yr. 12 1 1 0 2 0 15 1
3yr. —6yr. 4 0 0 0 0 0 4 0
Totel 50 6 (12) 8 0(0) 9 0(0) 67 6(8.9)
Table 10. Adductor tenotomy in closed reduction (67 hips)
With Without
Closed reduction Overall Avascular (%) Overall Avascular (%)
necrosis necrosis
Adductor tenotomy 37 3 8.1) 30 3 (10)
Table 11. Adjunctive treatment in open reduction (74 hips)
With Without
Open
reduction Overall Avascular (%) Overall Avascular (%)
necrosis necrosis
Smith-Petersen approach 71 7 (9.9
Medial approach 3 0 (0 )
Adductor tenotomy 63 5 (7.9 11 2 (18.1)
Iliopsoas tenotomy 18 2 (11.1) 56 5 (9.1)
Capsulorrhaphy 17 2 (11.6) 57 5 ( 8.7).
Pelvic osteotomy 50 7 (14 ) 24 0 (0 )
Salter 38 7 (18.4)
Chiari 8 0 (0 )
Pemberton 4 1 (25 )
Femoral osteotomy 8 1 (12.5) 66 6 ( 8.6)
6. S MEy ﬁ‘“‘a‘f# A EA] WA o] okzk %%ﬁ(Table 8).
294 34 2} Belol 4 WBEd B2
1442 F 0Bl A A A% 44 R A A B A 1d, A A
Stz TanRlA FE4 F3E 4 shaiel, A osaAdenr +554 F4AF 324 AAS o
2HA s pAEe iR A AIRANA 6 A e A 10, Aelardd At 64 o

# (8.6%), TEA

A5 3hzjell 4] 79 (9.5%) =

—774-



.23 3=

8. HE%F DHXA

Hgd YEa 70243 F 3nPA-E Pavlik
harnessol] 2|3t ztd FEAGYL E4AE 24T
Sl nAdg 672RAEEF 1aHes 504
Lorenz$}z], 8 ZaAdl|4 Lange$x], 9iaAo
A human$] 2] 2 14 3}9cl(Table 9).

Pavlik harness 2 2|28 3Zg-dAE T4
3 2p7F dsdeh.

Augu g 67ngde] HF AL 4
AMYolglony T4 FHapsh WA} 6PpH 1
77k 2eelld 3MY, 44 67HHelct.

44 4 6xRH L 25 ¥ 22 Lorenz
$x] 23 50 Q-4 Yojntom UPEL 12
%A}, o]%F 1 Lorenz¢)z] ZAF wrAR
= 1 323A-eda YA 5134 232 Lange
A2 human$] 2|2 WA TAXF YRR Aolet

284 34 6a8F 674 Yol A 18709 mlukll4
7bA ekgta 670 viwmksl 1804 o]4 34l= gk
ol Zzt 13 Ye.

xH A&

T4 Es 672" 7AA-A A HAZAA-
heS AAstg e 304 AAF g3t
(Table 10).

Fa4 e 424 3ngAg w4
< 8.1%, 10%2A WAZA Hted 44 &
2 A%l okzk Foke).

At S5 w4 A4

T2y 3=

OL
%
_&
"%
ox
2 s

a. T8 TEY

2o iy 74umk4dE 71natAo] 4 Smith
Petersen Ay} Tyl & &3 A 3 o|F 72 (9.9
%)oll A F8@ A 3] 4}7} w4 615k (Table 11).

Vo2l 3Rl A WE 2dy-S AEEde
2] —‘f-fé‘é A WA E A B

Z= X8

63-\-%%10!}*1 WAZA Hesg A4Asge
5334 (7.9%) A F-&4 F17b dg ke AA
3z @ lluxkdF 22334 (18.1%) Brop 24
o] ¥R e},

A ZA Aed 18nqAdd A 4458t 2
A (11.1%) o4 F&4 3447 $Ad sk},

B4 ¢ 53 % (capsulorraphy)-& 17 2ol 4 4
A5 & ol F 22w (11.6%) oA FEA 3
a7} 4 skl

504—%%01111 F5A A5 Fald FuAdEE
L AAAEE ol F 7 A (14%) ol A FHA
32}z WA Ehgieh. o] 5 Pemberton EFEE Al A
3 43RdF 1 - (25%) 4 FEA At

|

Table 12. Possible causes of avascular necrosis

Cause Hips(%)
1) Excessive abduction 7(53.7)
2) Undue pressure 1(7.7
3) Open reduction 3(23.1)
(surgical insult)
4) Infection 1(7.7
5) Fracture* (7.7
Total 13(100)

*Nonunion of subtrochanteric osteotomy

Table 13. Radiographic pattern of ischemic necrosis (Bucholz and Ogden, 1978)

Type 1

Progressive development of the proximal femoral growth plate and metaphysis proceeded re-
latively normally, despite complete fragmentation of the capital femoral ossific nucleus during
the early stages following treatment. Residual deformity; minimal coxa vara, slight wide neck,

slight loss of height of the femoral head.
Type 11

Localized radiographic changes in the lateral aspect of the epiphyseal plate and metaphysis.
Residual deformity; coxa valga, short neck, coxa plana, moderate trochanteric overgrowth.

Type I

Severe ischemic changes to the entire proximal femur-epiphysis, epiphyseal plate, and
metaphysis. Residual deformity; Severe coxa vara, short neck, variable degrees head deformity,

severe greater trochanteric overgrowth.

Type IV

Variable abnormalities that seeined to affect the medial epiphyseal ossification center and,
to a lesser degree, the medial metaphysis. Residual deformity; coxa vara, coxa magna, short

neck
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Table 14. Criteria of follow-up roentgenographic findings in avascular necrosis (Thomas, et al, 1982)

1) Femoral head deformity
Mild (deviation from sphericity <2mm)
Moderate (deviation from sphericity 2—4mm)
Severe (deviation from sphericity >4mm)

2) Acetabular dysplasia & subluxation
(a) Acetabular index>30°
(b} C-E angle<15°

3) Relative trochanteric overgrowth
(a) Articulo-trochanteric distance(ATD) }

(criteria: affected side ATD 10mm, or at least 5mm short than normal hip)

(b) Trendelenburg sign (+)

4) Limb-length discrepancey(SMD)
Significant at least 2.5cm t

Table 15. Types of avascular necrosis: Summary of findings

Type of No. Mean age Subluxation Deformity Trochanteric Significant
avascular of* at and acetabular limb-length
necrosis hip  reduction dysplasia ~Mild Moderate Severe  Overgrowth discrepancy**
Type I 7 2 4/12yrs. 3 4 3 0 0 (U
Type I 0 0 0 0 0 0 0 S
Typell 3 5 9/12yrs. 2 0 0 3 3 (5.5cm)
TypelV 0 5 4/12yrs. 0 0 0 1 0 (1hd i

*X-rays are not available on remaining 4 hips, **More than 2.5cm shortening,
***Mean 0.5cm, ****Mean 1.2cm except this hip, *****1.0cm

Table 16. Criteria for clinical evaluation (after Kalamchi and MacEwen, 1980)

4 parameters were assessed
(1) Pain (2) Gait (3) Limb-length discrepancy (4) ROM
{1) Pain: presence, severity, frequency of pain: evaluated in regard to
activity & use of angalgesics
{2) Gait: assessed to note presence limping & T-gait
(3) Limb-length discrepancy
{4) ROM,
i) Good: flexion 100" t, abduction 30° t, rotation 50% t of normal hip
ii) Fair: varying degree of painfree
flexion (45>-90°)
10° t abduction
rotation of at least 15° in each direction
iii) Poor: less than fair category
% Criteria of Functional result
Good: pain-free with good ROM & T-test(—)
Fair: fair ROM with occassional mild pain, esp. with activity but without use of analgesics
Poor: pain & frequent use of analgesics, poor ROM leg-length discrepancy
3.5em t, T-test(+)
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pe Il 4= 7234 AL Goodo| i Type Mol
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183} et
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HElF HFE 2, WAdEA Axbg 30, 9
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Table 17. Criteria for clinical evaluation (after Kalamchi and MacEwen, 1980)

Type*

Criteria Type 1 Type I Type M Type IV Unknown** Total
Good 7 0 0 1 1 9

Fair 0 0 2 0 1 3

Poor 0 0 1 0 0

Total 7 0 3 1 2 13

* Types by Bucholz & Ogden, **X-rays not available
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Table 18. Treatment following avascular necrosis

Treatment Type I I m IV Total
Pelvic osteotomy
Salter 3 3 3
Chiari 1 1
Pembersal
Femoral osteotomy 2 2 1 5
Trochanteric 0
Epiphysiodesis
Adductor tenotomy 3 2 5
Abduction brace 6 3 1 10

Type I 3@Aol A& HelF H2E 2
d, WAzA deke 2398, dAEEs] 2§ 3
ol A A4},

TypelV 1 Z3AHoll wlsi4+ Pembersal ZF ¢
o oEF AFES dAR I 2L A4l

82'1;-1"‘.

V. 82 21
£ @1

o] 0ok, o=}, 14 2404Y

#2 134 QA4 ST 5354 3UF sta
tion, — 1 Areolld T4AHE 3l Losenz$z| 4
FHTAE 3MY 448 cHFig. la, b). 2F F
Lange$1 212 422 23L 34 4453},

HEF 60U FAARRAANA 2 EA] v Fo|F
453l ofsbT ol WA AR Ry LG A4
stoich (Fig. 1o). A% 971¥a) whapd4r Type
19 5384 347 WA = o} (Fig. 1d). =254
olvh o] & £ o)A glKoy g BHE7)
AL AlLslgdon 1 107 Yef wkapd Al of B
B T4 e FaEdlel s Afse
o OFRTE Abphon ool 4 Fol Al
s BEA 220 Al Sshdc) Fig. le).

oloor FfiZy,

D

E

Fig. 1. (case 1): a. 1 2/12 year-old female with left CDH., b. Immediate post-closed reduction and prior
to application of Lorenz cast. ¢. 6 months post-closed reduction and Lorenz and Lange casts. d. 9 months
after closed reduction. Type I avascular change is noted on left. e. 1 year and 10 months after closed re-
duction. Avascular change has healed without sequelae. Minimal acetabular dysplasia still remains.
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H

Fig. 2. (case 2): a. 6 4/12 year-old female with left CDH. b. Open reduction and modified Salter’s os-
teotomy and adductor tenotomy. €. 3 months post-operative X-ray. d. 3 1/2 months after operation. Ava-
scular change on total femoral head is evident (Type III). e. 6 months after operation. Severe coxa vara
deformity, periosteal reaction and old fracture line are noted on left femur. f. 9 months after operation.
Neck-shaft angle is 95° on left compared with 130° on right. g. 2 1/2 months after subtrochanteric valgus
osteotomy. h. 1 5/12 years after subtrochanteric osteotomy. Neck-shaft angle is 1207

= 2 2 45% 3TNYH A BT B,

s AR EE Aol dsom Type M S8

Z 0A, Az, 64 4H0Y A Az A sk ol Fig. 2d),

2z agd A4 GFE gF A4l 949 A4 2% % 40l EYAEE AL F AG
% station, +1 4ejell 4 4¢3 4% 2 Kalamchi E30] LAsA o ofolu 7 Aol WYL
2] Salter ¥y A -T<%(modified salter’s osteotomy) 3 pAMYw AR FHEA Ax}shE THo] uuk
& AA#g e human$)s) 4T3 LAL 370 T oWEs el TafAHALS ARG
92 4485 cHFig. 2a,b), 5% 37}1% BRES (Fig. 2¢). ol@ s}a st oo} 2em®] kx| whdo|
Fol 1002 AHe AR FIZTFFHo| 107, £ ek,
FFo] 60° 2 FFA o] AlEIGict. 2By o] = =5 oMY A $EHAS S TAAE
kA A B A 34} 47§19l (Fig. 2¢). FLT5H0] 00, F5FFo] 145°, 2lAlo] 60°2 3
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D

Fig. 3. (case 3): a. 4 year-old female with left CDH. b. 6 weeks after open reduction and Salter’s inno-
minate osteotomy and adductor tenotomy (done elsewhere). ¢. 1 year and 5 months later, persistent subl-
uxation with shallow acetabulum is evident. Avascular change on left is noted with broadened femoral ne-
ck and slight varus deformity {Type IV). d. 2 months after open reduction with Pembersal-type acetabul-
oplasty and subtrochanteric derotation osteotomy. e. 8 months after operation. With abduction brace, left
hip shows stable reduction. f. 2 years and 4 months after operation, head is flattened and deformed but

is congruous and enlarged acetabulum.

Exgdel. e uabs Wy 4ldld AzkAe
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A5kl oo (Fig. 2g), 150 YF F4=1 AAA
ol $EA3e ¢lalew] Trendelenburg sign®
dgdm 7 7he 12002 3 2x] g c}(Fig. 2h),

s 3
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22 a3 A4 &7 440 epE el o
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55 A4stdR 22 (Fig 3a, b), 54 4714
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