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Abstract We determined contact stress on the articular
surface of the hip joint in a group of patients who under-
went operative treatment for severe dipped capital femoral

epiphysis. Two different procedures were considered: the
modified osteotomy of Dunn-Fish and the osteotomy of
Imhé&user. In order to determine the stress distribution, a
three-dimensional mathematical model was used taking
into account the geometrical parameters of the pelvis and
hip, which were measured from standard antero-posterior
radiographs. We found that the Dunn-Fish procedure
produced lower peak stress than the Imhauser procedure.

Résumé Nous avons determingé la pression sur la surface
articulaire de la hanche dans un groupe de patients
operés pour épiphysiolyse femorale supérieure. Deux
opérations ont été considereés: |’ opération de Dunn-Fish
modifieé et I’ ostéotomie d’' Imhauser. Pour déterminer la
distribution des pressions, un modele mathématique
tridimensionel a été employé, tenant compte des para-
métres géometriques du bassin et de la hanche, obtenus a
partir des clichés antéro-postérieurs. Nous avons trouvé
gue dans les hanches opérées par la procedure de Dunn-
Fish modifiée les pics de pression sont inférieurs a ceux
dans les hanches opérées par la technique d’ Imhauser.
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Introduction

Slipped capital femoral epiphysis (SCFE) is a dis
order of early adolescence with separation between the
epiphysis and the metaphysis of the femoral neck. The
epiphysis remains in the acetabulum, while the femur
rotates externally and posteriorly. Most authors recom-
mend one of two approaches in the surgical treatment of
severe SCFE, namely the osteotomy of the femoral neck
described by Dunn and Fish [7, 8] and the inter-
trochanteric osteotomy described by Imhauser [15]
(Fig. 1).

In the Dunn-Fish procedure, a wedge, usually near the
epiphyseal plate (Fig. 1A,B) is resected and in the
Imhauser procedure, a wedge is resected in the intertro-
chanteric region (Fig. 1A,C). In both cases the distance
between the muscular insertions on to the greater
trochanter and the centre of the femoral head is altered.
The deformity caused by SCFE is corrected with the
Dunn-Fish procedure whereas another compensatory
deformity is produced by the Imhauser procedure. Thus,
the alteration of the geometry with respect to the normal
hip joint is greater with the Imhauser procedure than
with the Dunn-Fish procedure.

The morphology of the hip and pelvis determines
the contact stress within the weight bearing area of
the hip joint. The significance of the distribution of
contact stress within the hip joint as an important factor
in the evaluation of the biomechanical status of the
hip in different degenerative joint conditions has
been described [10, 23, 24]. The prediction of opti-
mal stress distribution produced by a certain surgical
procedure may improve its success [2, 4, 12, 21].
The biomechanical effect of the different operative
techniques in the treatment of SCFE may be estimated
in terms of the postoperative value of the maximal
contact stress on the weight bearing area (p,,) Within
the hip joint [12, 16]. The aim of this study was to
compare the value of the peak contact stress (p,,,,) after
the Dunn-Fish osteotomy with that after the Imhauser
osteotomy.
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Fig. 1A—C Schematic presentation of the Dunn-Fish and of the
Imh&user operations. A Shading indicates the wedge on the femoral
neck that is to be resected in the Dunn-Fish (DF) procedure (callus)
and the wedge on the proximal femur that is to be resected in the
Imhéuser (I) procedure. The geometry B after the Dunn-Fish
procedure and the geometry C after the Imhauser procedure are
shown. Thin lines depict the situation before the operation. The
arrow indicates derotation of the distal fragment

Patients and methods

The medical records of 78 patients with moderate or severe SCFE
who underwent surgical treatment with either the modified Dunn-
Fish procedure or the Imhéduser procedure between 1970 and 1994
in the Department of Orthopaedic Surgery at Ljubljana were studied.
The records included standard anteroposterior radiographs of the
pelvis and both proximal femora. Patients were entered into the
study if they fulfilled the following criteria: (a) the presence of a
pre-operative slip greater than 50°, measured as the angle between
the axis of the femoral shaft and the base of the capital epiphysis
on frog-leg lateral views (according to Southwick [25]); (b) no
radiographic evidence of aseptic necrosis of the femoral head or of
degenerative arthritis of the hip joint; (c) available anteroposterior
radiographs of the pelvis and proximal femora after removal of the
internal fixation; (d) the absence of other operative procedures of
the hips, and of neurological conditions.

In the group treated with the Dunn-Fish procedure there were
initially 42 patients. Of these, 19 were boys and 23 were girls. The
mean age at diagnosis was 13.1 years [9-16.4 years; standard
deviation (SD)=1.7 years]. The mean time between the operation
and removal of the fixation device was 2 years (0.64.3 years,
SD=1 year). According to the Loder classification of SCFE [22],
29 hips were stable, 13 unstable, 16 acute, 6 acute on chronic and
20 chronic. According to the Boyer classification of SCFE [3], 40
were severe and 2 moderate. The mean displacement of the femoral
epiphysis measured on frog-leg lateral radiographs was 61°
(30°—90°; SD=9°). In this group we excluded 13 hips because they
did not fulfill the criteria a—d as described above.

In the group treated with the Imhéduser procedure there were
initially 36 patients. Of these, 19 were boys and 17 were girls.
The mean age at diagnosis was 13.4 years (9.6-16.6 years,
SD=1.3 years). The mean time between the operation and removal
of the fixation device was 2.1 years (0.9-5.5 years; SD=1.1 years).
According to the Loder classification 31 were stable, 5 unstable,
10 acute, 1 acute on chronic and 25 chronic. According to the
Boyer classification 33 were severe and 3 moderate. The mean
displacement of the femoral epiphysis measured on frog-leg lateral
radiographs was 54° (40°-60°; SD=5°). We excluded eight hips
from the study for not fulfilling our criteria. Thus our final study
group comprised 29 hips treated by the modified Dunn-Fish
procedure and 28 hips treated by the Imhauser procedure. The
follow-up time varied from 2 to 6 years.

Measuring technique The computer programme HIPSTRESS
[11] was used to calculate the contact stress distribution within the
hip joint. The geometrical parameters were determined directly

Fig. 2 Schematic presentation of geometrical parameters of hip
and pelvis determined by the programme HIJOMO as described
under Patients and methods. All the parameters should be taken at
the operated side

from the standard antero-posterior (AP) radiographs. The HIP-
STRESS programme consists of two procedures: one for the deter-
mination of the hip joint contact stress distribution [12, 16] and the
other for the determination of the resultant hip joint force R [13,
14]. The procedure for the measurement of the hip joint contact
stress distribution [11, 12, 16] requires as input data the magnitude
and direction of the resultant hip force R, the radius of the articular
surface of the hip joint (r) and the centre-edge angle of Wiberg
(8cg Fig. 2). The force R was caculated by the programme based
on a three-dimensional mathematical model of the hip joint in the
one-legged stance [13, 14]. This programme requires as an input
the distance between the centres of the two femora heads (1), the
co-ordinates of the effective points of muscle insertion on to the
greater trochanter, with respect to the centre of the femora head
(point T), the height of the pelvis (H), the horizontal distance
between the most lateral point on the iliac crest and the centre of
the femoral head (C), and the body weight (Wg). The reference values
of the model muscle attachment points [6] are rescaled in order to
adjust for the configuration of the hip and pelvis of the individual
patient [1]. Thus the values of |, H and C and the position of point
T from AP radiographs for each patient are recorded.

The values of the geometrical parameters, |, H, C, point T, r
and J ¢, were measured from the AP radiograph by using the
computer programme HIJOMO as described in detail elsewhere
[17, 19]. We digitised the profile of both proximal femora and
acetabulae and the characteristic points: the highest and most
lateral point of the iliac crest (P and Pg, respectively), and the
point determining the symmetric region of the femoral cana (Pgc;
Fig. 2). Fitting the appropriate part of the profile of the proximal
femur and using the least squares method we measured the radius
of the femoral head. The effective muscle insertion into the greater
trochanter (T; Fig. 2). was obtained from the intersection of the
profile of the greater trochanter and the symmetra to the line
connecting its highest and most lateral points. The capitatocolodi-
aphyseal angle was obtained by determining the directions of the
femoral canal and of the neck. The length of the digitised profile
of the proximal femur below the point Pg. was divided into two
parts. The “gravity centres’ of the profiles of both parts were
calculated (marked in Fig. 2 by G; and G, respectively). The line
connecting these two centres determines the direction of the femoral
canal. The direction of the neck was determined by the least
distance between both sides of the profile of the neck. The length
of the femoral neck is the distance between the centre of the femoral
head and the point X (Fig. 2). A mean magnification of 1.1 of the
X-ray pictures was taken into account.



(%)
40
35

30 4 (a) Dunn-Fish

25 -

20

15 -

10 -~

1 2 3 4 5 B T
Pmax/We (10°%/m?)

(%)
40 -
35 |
30 | (b) Imh#user
25
20
15
10 -

g L]

1 2 3 4

1 [
5 B 7 :
Pmax/We (10°m?)

Fig. 3 Peak stress in the weight bearing surface normalised with
respect to the body weight p,,/Wg a after the modified Dunn-
Fish procedure and b after the Imhé&user procedure

We determined the contact peak stress normalised with respect
to the body weight p,,,,/Wg. The normalised peak stress p,./Ws
and some geometrical parameters of the hip were analysed using
statistical methods. The t-test and the Mann-Whitney test were
used to compare the parameters in the two groups.

Results

We compared p,,,/Wg after the Imhauser procedure with
that after the modified Dunn-Fish procedure. The respec-
tive histograms are shown in Fig. 3. The mean p,,./Wg
after the Imhauser procedure is 3277 m2 (1975-6581 m?)
while the mean p,,,,/W; after the Dunn-Fish procedureis
2699 m? (1682—4346 m?). The standard deviation in the
Imhauser group is 1179 while the standard deviation in
the Dunn-Fish group is 683. There are thus considerable
differences in the mean values as well asin the variances.
The P-value that gives statistical significance by the
t-test assuming unequal variances is 0.024. As the distri-
bution in the Imhduser group deviates from the normal
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we aso performed the nonparametric test. The median
value P/ Wg in the Imhéuser group (2991 m?) is higher
than that in the Dunn-Fish group (2597 m?2). The P-value
that gives statistical significance by the Mann-Whitney
test is 0.079. This would be expected for a test with
smaller power than the t-test. However, the assumption
of equal distributions (except for the location) for the
Mann-Whitney test isin our case also not met.

The average length of the femoral neck after both
osteotomies was smaller than in the contralateral hip. In
the Dunn-Fish group the mean length on the operated
side was 16 mm (1-26 mm; SD=5 mm) and 27 mm
(11-36 mm; SD=6 mm) on the contralateral side. In the
Imhéuser group, the mean length on the operated side
was 20 mm (7-36 mm; SD=7 mm) and 26 mm
(1048 mm; SD=8 mm) on the contralateral side. In the
analysed postoperative cases treated by the Imhauser
procedure we found that the mean capitatocol odiaphyseal
(CCD) angle of the femoral neck (144°; 124°-171°;
SD=10°) was higher than on the contralateral side (138°;
113°-154°; SD=10°).

Discussion

The determination of hip stressis limited by the precision
of the measurements of the geometrical parameters.
Assuming that the femoral head centres are levelled, we
could not say from the X-rays, for example, how far the
highest point on the iliac crest lies posteriorly, as deter-
mined by the rotation of the pelvis. However, in deter-
mining the peak stress, not all the parameters are equally
important, as the functional relations between them are
non-linear. Within the validity of the model we estimated
that there would be up to 10% error due to lack of three-
dimensional information from the radiographs. Further-
more, as there was no length standard present whilst
taking the X-rays (e.g. a metal sphere of a known radius),
an error is introduced with different magnifications for
each patient. In another study X-rays of the normal hips
taken with the length standard have been considered
[26]. It was found that the magnification may vary from
1.1 to 1.3. However, distribution of the magnification
was normal. Thus, when considering the two groups, the
magnification would not affect the relative difference
between the mean or median values, but would rather
increase the noise and cause the statistical significance
of the difference between the groups to be smaller. Thus,
in our opinion, our results indicate that the Dunn-Fisher
group exhibits lower stress than the Imhéuser group.
Direct measurement of the contact stress distribution
within the hip joint during gait and in other activities has
so far only been performed in a single subject with an
implanted partial endoprosthesis which included a stress
measuring device [20]. For non-operated hips, external
laboratory measurements in combination with simulations
or mathematical models can produce global predictions
of stress distribution during gait [5, 16]. However, in
clinical practice, simpler mathematical models [9, 12]
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may aso be useful for estimating stress distributions;
and such methods could be suitable for the routine
planning of surgical treatment. However, the effect of the
postoperative change of femoral and pelvic geometry
should be considered [12, 13, 14, 18, 21, 24].

Although our results indicate that the modified Dunn-
Fish procedure yields a more favourable biomechanical
outcome (lower P, /Wsg), this is only one of many
aspects relevant to the result. Both operative procedures
are technically demanding and the outcome is deter-
mined by surgical technique. Nevertheless, as we have
shown, the geometrical parameters of the pelvis and
femur should be considered, and this may be especially
important in patients who are overweight or whose hips
are dysplastic.

Acknowledgements We thank B. Baebler, who performed most
of the operations, for critical discussions. The programme HIP-
STRESS (in TURBO PASCAL or in VISUAL BASIC) can be
obtained from the authors free of charge in order to use for scientific
purposes according to ethical principles.

References

1. Antoli¢ V, Kralj-Iglic V, Igli¢ A, Srakar F (1993) Legg-Calve-
Perthes disease: stress distribution on the hip joint articular
surface after varisation osteotomy. In: Held KD, Brebbia CA,
Ciskowski RD, Power H (eds) Computational biomedicine.
Computational Mechanics Publications, Southampton, Boston,
pp 255-262

2. Baker KJ, Brown TD, Brand RA (1989) A finite-element
analysis of intertrochanteric osteotomy on stresses in femoral
head osteonecrosis. Clin Orthop 249:183-198

3. Boyer DW, Mickelson RM, Ponseti |V (1981) Slipped capital
femoral epiphysis. long-term follow-up of 121 patients. J
Bone Joint Surg Am 63:85-95

4. Brand RA (1997) Hip osteotomies. A biomechanical consider-
ation. JAm Acad Orthop Surg 5:282-291

5. Brand RA, Pedersen DR, Davy DT, Kotzar GM, Heiple KG,
Goldberg VM (1994) Comparison of hip force calculation and
measurements in the same patient. J Arthroplasty 9:45-51

6. Dostal WF, Andrews JG (1981) A three-dimensiona
biomechanical model of the hip musculature. J Biomech 14:
803-812

7. Dunn D (1964) The treatment of adolescent slipping of the
upper femoral epiphysis. J Bone Joint Surg Br 46:621-629

8. Fish JB (1984) Cubiform osteotomy of the femoral neck in the
treatment of slipped capital femoral epiphysis. J Bone Joint
Surg Am 66:1153-1168

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

. Genda E, Konishi N, Hasegawa Y, Miura T (1995) A computer

simulation study of norma and abnormal hip joint contact
pressure. Arch Orthop Trauma Surg 114:202—-206

Hadley NA, Brown TD, Weinstein SL (1990) The effects of
contact pressure elevations and aseptic necrosis on the long-
term clinical outcome of congenital hip dislocation. J Orthop
Res 8:504-513

Iglic A, Kraj-IglicV (1999) Computer system for determination
of hip joint contact stress distribution from antero-posterior
pelvic radiograph. Radiol Oncol 33:263-266

Iglic A, Kralj-Iglic V, Antalic V, Srakar F, Stani¢ U (1993) Effect
of the periacetabular osteotomy on the stress on the human hip
joint articular surface. IEEE Trans Rehabil Eng 1:207-212

Iglic A, Srakar F, Antoli€¢ V (1993) Influence of the pelvic
shape on the biomechanical status of the hip. Clin Biomech
8:223-224

Iglic A, Antali¢ V, Srakar F, Kralj-Igli¢ V, Matek-Lebar A,
Brajnik D (1995) Biomechanical study of various greater
trochanter positions. Arch Orthop Trauma Surg 114:76—78
Imhéuser G (1977) Spéatergebnisse der sogenannten |mhauser-
Osteotomie bel der Epiphysenldsung. Z Orthop 115:716-725
Ipavec M, Brand RA, Pedersen DR, Mavdic B, Kralj-Iglic V,
Iglic A (1999) Mathematical modelling of stress in the hip
during gait. J Biomech 32:1229-1235

Jaklic A, PernuS F (1994) Morphometric analysis of AP pelvic
and hip radiographs. In: Zajc B, Solina F (eds) Proceedings of
the Third Slovenian Electrochemical and Computer Science
Conference, Ljubljana, pp 352—355

Johnston RC, Brand RA, Crowninshield RD (1979) Recon-
struction of the hip. J Bone Joint Surg Am 61:639-652
Kersni€ B, Iglic A, Kralj-Iglic V, Srakar F, Antoli¢ V (1997)
Increased incidence of arthrosis in female population could be
related to femoral and pelvic shape. Arch Orthop Trauma Surg
116:345-347

Krebs DE, Elbaum L, Riley PO, Hodge WA, Mann RW (1991)
Exercise and gait effects on in vivo hip contact pressures. Phys
Ther 71:301-309

Kummer B (1991) Die klinische Relevanz biomechanischer
Analysen der Hftregion. Z Orthop 129:285-294

Loder RT, Aronson DD, Greenfield ML, Arbor A (1993) The
epidemiology of bilateral slipped capital femoral epiphysis. J
Bone Joint Surg Am 75:1141-1147

Maxian TA, Brown TD, Weinstein SL (1995) Chronic stress
tolerance levels for human articular cartilage: two nonuniform
contact models applied to long term follow-up of CDH. J
Biomech 28:159-166

Pauwels F (1976) Biomechanics of the normal and diseased
hip. Springer, Berlin Heidelberg New York

Southwick WO (1967) Osteotomy through lesser trochanter
for slipped capital femoral epiphysis. J Bone Joint Surg Am
49:807-835

Vengust R, Drobni¢ M, Daniel M, Antoli¢ V, PernusF, Iglic A,
Kralj-Igli¢ V (2000) Role of magnification of anteroposterior
radiographs in determination of contact hip joint stress.
Biomed Eng Appl Basis Commun 12:242-244



