Arch Orthop Trauvma Surg (1993) 112:210-214

Archives of O[thopaedic
i [rauma Surgery

© Springer-Verlag 1993

Influence of pelvic osteotomy on birth canal size
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Summary. Six pelvic osteotomies (Salter, Sutherland,
Steel, Tonnis, Chiari, and periacetabular) were perform-
ed on the right hemipelvis of adult female pelvic plastic
models. Each pelvis underwent conventional X-ray and
computed tomographic digital pelvimetry before and
after osteotomy. The change in the anteroposterior and
transverse dimensions at the inlet, midpelvis, and outlet
were calculated. None of the osteotomies significantly
decreased the inlet. The Salter and Sutherland osteo-
tomies decreased the midpelvis to borderline low. The
Saiter, Sutherland, and Steel osteotomies significantly
decreased the pelvic outlet. These changes correlated
closely with those in living patients. Much of this de-
crease is nullified when the osteotomy is performed prior
to the pubertal growth spurt.

Pelvic osteotomy is most commonly performed in fe-
males for residual acetabular dysplasia. Knowing the ef-
fects of pelvic osteotomy on birth canal size could be
useful in counselling female patients who have earlier
undergone a pelvic osteotomy and have now reached re-
productive age. It was the purpose of this study to inves-
tigate further the effect of pelvic osteotomy on birth
canal size. Only one previous study has addressed this
problem [21].

Materials and methods

Six gynecoid adult plastic pelvis mode] (Candent, P. O.Box 81, To-
ronto, Ontario, M6S 4T2 Canada) were subjected to obstetrical
pelvimetry (S.J.) using both conventional and digital computed
tomographic (CT) scan methods. Conventional pelvimetry uses
anteroposterior and lateral radiographs [3]. Digital CT scan pel-
vimetry [5, 11] uses anteroposterior and lateral CT scan scout
radiographs to obtain digital measurements. CT has replaced con-
ventional pelvimetry because of its ease, speed, and reduced radia-
tion [7]. Six standard pelvimetry measurements were made: the
anteroposterior and transverse diameters at the inlet, midpelvis,
and outlet levels [3] as shown in Fig. 1.
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An osteotomy as originally described was performed on each
right hemipelvis. The osteotomies were the single innominate [16],
double innominate [18} (25), triple innominate of Steel [17] and
Tonnis [19], Chiari [2], and periacetabular [6]. After osteotomy,
pelvimetry was again performed, and birth canal changes analyzed
using two methods.

The first method calculates the sum of the transverse and an-
teroposterior diameters at each level. The theoretical effect of
each osteotomy on an average female pelvis (Fig. 1) was calculated
using the percentage change from our data. This compensated for
anatomic variability in the models, allowing for an accurate com-
parison of changes solely from the osteotomy. The second method
obtains an area equal to the product of anteroposterior and trans-
verse diameters [12]. From Mengert’s experience [12], 85% of the
average area represented borderline adequate pelvic capacity. We
arbitrarily considered an area less than 80% of the average to be
significantly decreased.

Transverse pelvic diameters in 11 female osteotomy patients
were compared to our experimental results. (To have obtained an-
teroposterior diameters, either lateral radiographs or CT digital
pelvimetry would be required. Although scientifically interesting,
neither of these studies are clinically necessary to follow the os-
teotomy patient. Therefore, we could not, under ethical considera-
tions, obtain them).

For eight patients we could determine the amount of bony re-
modeling that occurred after osteotomy. Remodeling occurs by
natural physical growth during adolescence and there may also be
stress-related remodeling according to Wolff’s law, even in pa-
tients without open physes. The amount of remodeling was analyzed
differently for skeletally immature and skeletally mature patients.
For those where the follow-up time span included the pubertal
growth spurt, the final follow-up pelvic dimensions were compared
to the adult norms used in this study. For those where the osteo-
tomy was done after adolescence, the final follow-up pelvic dimen-
sions were compared to the preoperative dimensions, since there is
little increase in size and no change in pelvic shape in early aduit-
hood after pubertal pelvic remodeling [8].

An in vitro adult plastic pelvis model is dissimilar from a
pediatric in vivo pelvis, but is similar to a postpubescent pelvis. We
felt this was the closest model available. Pediatric cadavers are
scare and adult cadavers have serious drawbacks. Osteotomies
hinge on soft tissue, which are stiff in cadavers, lessening the
amount of acetabular reorientation that would be achieved. El-
derly cadaver specimens are osteopenic, fracture easily and hold
fixation poorly.

Results

The variability between conventional and CT digital pelvi-
metry diameters averaged 3 mm. The percentage changes
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Table 1. Changes in pelvic dimensions (%)

after experimental osteotomy Diameters Salter lS;lnt(lller- Steel Chiari Tonnis Periacetabular
Conventional pelvimetry
Inlet AP -2 -5 +4 +7 -3 -2
Transverse +4 -2 +2 —16 +5 +3
Total +1 —4 +3 -5 +1 +2
Midpelvis AP -13 +5 +6 +3 0 +18
Transverse -5 -19 —15 —15 -5 -2
Total -9 -6 —4 -6 -2 -8
Outlet AP -37 -21 -9 -8 -18 -1
Transverse -17 —29 -16 -8 -3 -1
Total -25 -26 —13 -8 -10 -1
CT digital pelvimetry
Inlet AP 0 -1 +4 +2 -2 0
Transverse 0 -2 0 —~13 0 +1
Total 0 -2 +2 -7 -1 0
Midpelvis AP —12 +3 +4 +6 -1 +7
Transverse —12 —24 -19 —16 -7 -2
Total 12 —11 -8 -5 —4 +2
Outlet AP 27 -17 -9 -5 -17 ~11
Transverse -20 —-30 —-22 -7 =2 -1
Total -23 -25 -17 ~6 -8 —15

AP, Anteroposterior

are shown in Table 1, the theoretical effect of each osteo-
tomy on an average female pelvis in Table 2, and pelvic
capacities in Table 3. When both methods of pelvimetry
and analysis were combined, no influence of any of the
osteotomies was shown on the pelvic inlet. The Salter
and Sutherland osteotomies decreased the midpelvic di-

mensions to borderline low. The Salter, Sutherland, and
Steel osteotomies decreased the pelvic outlet significantly.

The changes in patients’ transverse diameters (Table
4) were similar to those of the plastic models. The aver-
age of the four unilateral Salter osteotomy patients was
+3%, —9% and —14% for the inlet, midpelvis, and out-
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Table 2. Theoretical effect of pelvic osteotomy on the average
female pelvis

Osteotomy type Total Postosteotomy
measurement measurements
X-ray (cm) CT (cm)
Salter Inlet 25.8 25.5
Midpelvis 20.0 19.4*
Outlet 13.6% 13.9%
Sutherland Inlet 24.6 25.1
Midpelvis 20.7 19.72
Outlet 13.4* 13.6*
Steel Inlet 26.3 26.0
Midpelvis 21.1 20.3
Outlet 15.72 15.0°
Chiari Inlet 24.2 23.8
Midpelvis 20.7 20.9
Outlet 16.5 16.9
Tonnis Inlet 25.8 25.3
Midpelvis 21.5 21.1
Outlet 16.3 16.6
Periacetabular: Inlet 25.9 25.6
Midpelvis 23.8 22.5
Outlet 17.8 17.2

? Postosteotomy measurements below the low normal threshold,
using the norms from Fig. 1

let diameters respectively. These changes were compara-
ble to the +4%, —5% and —17% noted in the experi-
mental model. The averages for the two unilateral Steel
osteotomies, the single Sutherland osteotomy, and the
three unilateral Chiari osteotomies were also similar to
the models. These changes remodeled when the osteo-
tomies were performed prior to the pubertal growth
spurt (Table 4, patients 2, 7, 8, 11), but minimally so
after the pubertal growth spurt (Table 4, patients 1, 9,
10).

Discussion

Many factors should be considered in selecting a pelvic
osteotomy. These include the ability to do a redirectio-
nal osteotomy (e.g., Salter, Sutherland, Steel, T6nnis,

or periacetabular) if the hip joint is or can be made con-
gruous, versus a salvage osteotomy (e.g., Chiari}. Other
factors include the amount of acetabular coverage needed,
and the potential for further acetabular remodeling prior
to skeletal maturity. The presence of an open triradiate

cartilage contraindicates certain osteotomies (e.g., peri-

acetabular). The surgeon’s technical ability, experience,
and comfort in performing a proposed osteotomy are
also important. We believe that these factors (especially .
the surgeon’s technical ability) are more important de-
terminants in choosing an osteotomy than the theoretical
effect on birth canal size. The results of this study should
be cautiously used in the decision-making process.

Only one previous study has addressed the influence
of pelvic osteotomy on birth canal size. Winkelman [21]
used cadaver pelves, pelvis models, and patient exam-
ples. The Chiari, Salter, and Sutherland osteotomies
narrowed the pelvic transverse outlet diameter (which
he termed the “intertuber-ischial” diameter) of up to 3, 1,
and 3.5cm for each osteotomy respectively. The Chiari
osteotomy decreased the transverse diameter of the pel-
vic brim (inlet), and the Steel and Toénnis osteotomies
narrowed the middle part of the bony canal. He did not
define the middle part of the bony canal, but it is most
likely the midpelvis area as defined in this study. Winkel-
man did not study the anteroposterior diameter changes,
nor determine what might be a decrease below the nor-
mal pelvic size.

In this study, none of the osteotomies decreased the
pelvic inlet, the Salter and Sutherland osteotomies caused
a borderline decrease in the midpelvis, and the outlet
was significantly narrowed by the Salter, Sutherland,
and Steel osteotomies. There are many factors which
may modify these changes in the living patient. The first
is remodeling, which may partly restore the pelvis to
normal size, especially if the osteotomy is performed be-
fore physeal closure. In eight skeletally immature pa-
tients we noted considerable remodeling (often to nor-

‘mal diameters) after the Chiari, Salter, Steel, and Suther-

land osteotomies. The Salter and Chiari osteotomies in
this study were followed by no remodeling when per-
formed after skeletal maturity, although Winkelman [21]
noted remodeling in a skeletally mature patient after bi-
lateral Chiari osteotomies.

Second, the amount of acetabular reorientation achieved
experimentally may not be achieved clinically because of
soft tissue constraints. However, we attempted to per-

Table 3. Changes in pelvic capacity

(Mengert areas) (%) after experimental Salter  Suther- Steel Chiari Tonnis Periacetabular
osteotomy land
Conventional pelvimetry
Inlet +2 -7 +7 —10 +2 +1
Midpelvis =17 -15 -9 —13 ~4 +15
Outlet —47 —43 35 =15 -19 -3
CT digital pelvimetry
Inlet 0 -3 +4 -12 -2 +1
Midpelvis -12 ~22 -16 -11 -8 0
Outlet —41 —42 —28 -13 —18 —-11
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Table 4. Effects of pelvic osteotomy on

transverse pelvic diameter in living female Osteotomy Patient PatienF age 1:)ransverse pelvic diameter changes
: no.* (years: months) (%)
patients .
Inlet Midpelvis . Outlet
Salter 1 48f/a +3 -4 -11
(osteotomy

at age 39)
2 2:3 -7 =27

(bilateral)
5:3f/u -2 -11 —23
3 1:10 0 -10 -23
4 2:8 -3 —-16 —14
5 3:8 +10 —4 -9
15:21/u® +4 +13 0
Steel 6 8:2 ~2 -20 -19
7 14:5 0 -10 ~15
18:6f/u® +1 -7 -2
Sutherland 8 13:8 -2 -17 -26
15:7 f/u® +4 -10 -12
Chiari 9 16 -15 —-15 -9
201/u -9 -10 0
10 37 -12 ~14 -8
44flu -10 ~16 -8
11 12:8 —14 ~16 ~10
15:2f/u® +4 +2 +10

f/u, At follow-up

2 Patient 1 from [21], Fig. 11; patient 2 from [16], case 4; patients 3-8, 11 contributed by
various pediatric orthopedic surgeons; patients 9, 10 from [4], Figs. 3 (patient 9) and 2 (pa-

tient 10)

® Because of the large amount of pelvic growth seen during follow-up, the final follow-up
diameters were compared to the adult norms used in this study

form the osteotomies to simulate the in vivo situation.
This is supported by the similarity between the clinical
and experimental data (Table 4).

Third, the type of pelvis might modify these changes.

Of the four main pelvis types, (gynecoid, android, platy-
pelloid, and anthropoid [1]), the gynecoid pelvis is the
‘normal female type, occurs in over 40% of women, and
is ideal for childbirth. The incidence of operative deliv-
ery (forceps or cesarean section) is increased in women
with the nongynecoid types of pelvis [14]. The changes
after osteotomy may have a greater significance in a non-
gynecoid pelvis.

This study has shown that pelvic osteotomies produce
the greatest narrowing at the pelvic outlet. Little has
been said in the obstetrical literature regarding the pel-
vic outlet. The obstetrical literature has focused on the
midpelvis, which is the narrowest plane [10]. Traditional
obstetrical teaching has stated that “there is no congeni-
tal anomaly or acquired disease which will narrow the
tuberosities of the ischium without also narrowing the
lower part of the innominate bones. In other words,
there can be no serious outlet contraction without com-
mensurate contraction of the midplane” [12]. However,
the development of pelvic osteotomies since the time at
which this statement was made may have modified its
truth.

Little is known regarding the rate of cesarean section
after osteotomy. Sutherland and Greenfield [18] stated

that all female patients should be warned about the po-
tential need for cesarean section after double innomi-
nate osteotomy because of its intentional medialization.
Hggh and Manicol [9] noted a 25% and 100% cesarean
section rate after unilateral and bilateral Chiari osteo-
tomies respectively. The 100% rate reflects their policy
to uniformly adivse cesarean section after bilateral Chi-
ari osteotomies. Rejholec et al. [15] noted a 33% (20 of
61 births) cesarean section rate after Chiari osteotomy,
compared to a 10% cesarean section rate for the general
population in Prague (M. Rejholec, personal communi-
cation). Salter [16], Steel [17], and Ténnis et al. [19] did
not address this question. Ganz et al. [6] addressed this
concern in the design of the periacetabular osteotomy,
stating that the shape of the true pelvis with this osteotomy
is unaltered. Our study confirms that the periacetabular
osteotomy has no effect on birth canal size. Young wom-
en having undergone this osteotomy have had successful
vaginal deliveries (J. Mast, personal communication).
What little is known regarding cesarean section in
postosteotomy patients implicates the Chiari osteotomy
as the worst. The Chiari osteotomy affects the transverse
diameter more at the inlet and midpelvis than at the out-
let. Although other osteotomies effect the transverse di-
ameter of the inlet or midpelvis, the Chiari osteotomy is
the one that affects both diameters the most. The aver-
age combined change for the inlet and midpelvis trans-
verse diameter by both conventional and CT digital pel-
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vimetry is’ —15% for the Chiari, and —12%, —10%,
—3%, —2%, and 0% for the Sutherland, Steel, Salter,
Tonnis, and periacetabular osteotomies respectively.
These values more closely fit the known clinical data re-
garding cesarean section after pelvic osteotomy. Perhaps
the combined narrowing of the inlet and midpelvis trans-
verse diameters is the clinically relevant narrowing, with
outlet dimensions less important. This will require fur-
ther clinical investigation.

There are many factors which make a safe vaginal de-
livery possible [10]. These include the space available in
the bony pelvis; fetal size, position, and presentation;
fetal head moldability; and the intensity of the powers
pushing the fetus. The available space is the only factor
potentially alterable by pelvic osteotomy. Because of
these multiple factors, most obstetriciens agree that a
clinical trial of labor is the gold standard for predicting
the success of a vaginal delivery. We advocate pelvimetry
in postosteotomy women only when the obstetrician feels
it is clinically indicated. Patients should inform their
obstetrician if they have had a pelvic osteotomy. Further
research will be needed to clarify the incidence of cesa-
rean section in postosteotomy patients. For now, a trial
of labor remains the best “test” of cephalopelvic propor-
tion.
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