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ABSTRACT
Background: Type III growth disturbance (T3GD) 

following reduction for developmental dysplasia of 
the hip (DDH) is a relatively rare, but potentially 
devastating complication. This study evaluated the 
long-term outcomes of patients treated for DDH 
who developed a T3GD hip compared to those 
who didn’t, with an emphasis on possible risk 
factors.

Methods: A case-control design was used. All 
radiographs of a consecutive set of patients with 
DDH were evaluated. Twenty-two patients (29 hips) 
developed T3GD. The control group consisted of 
57 patients (72 hips) without any sign of growth 
disturbance. Variables examined included age at 
reduction, type of reduction and serial radiographic 
parameters reflecting pre- and post-reduction sta-
tus. Average age at final follow up was 26 years 
in the T3GD group and 34 years in the control 
group. 

Results: Evidence of T3GD was first noticed 
radiographically at 11 months after reduction 
and healing of the epiphysis occurred an average 
of 8.5 months later. Univariate analysis demon-
strated no increased risk of T3GD related to age 
at presentation, presence or absence of the os-
sific nucleus, type of reduction, initial acetabular 
index or Smith’s centering ratios. However, the 
Tönnis grade was significantly associated with 
an increased risk of T3GD. Tönnis grade 4 hips 
(high-degree dislocations) had 3.43 times greater 
risk of developing T3GD compared to those with 

lower dislocations. At maturity, 90% of the T3GD 
hips were classified as Severin III/IV, compared 
to 35% of the controls. At last follow-up, 7 of the 
29 T3GD hips (32%) had undergone total hip 
replacement at an average age of 39 years (range 
19 to 57 years). 

Conclusions: T3GD remains the most severe 
and devastating complication after treatment of 
DDH in children. In most cases, poor acetabular 
development and flattening of the femoral head 
lead to early degenerative changes in the hip joint. 
The risk increases in high-degree dislocations, 
independent of the treatment performed. 

INTRODUCTION
Growth disturbance of the capital femoral epiphysis, 

commonly referred to as avascular necrosis, is one of 
the major complications in the treatment of development 
dislocation the hip.1-10 The reported prevalence varies 
from 0 to 73 percent and some investigators believe the 
difference among series depends on the rigor of the diag-
nosis and the variability in the length of follow-up.1,5,9,11-19

The cause remains unknown, but is thought to be due 
to vascular or mechanical damage.3,6,7,9,20-22 Interestingly, 
several cases of growth disturbance have been described 
in the non- dislocated hip of treated children,3,7,9,12,21,23-25

but growth disturbance does not occur in children with 
untreated dislocations.26

Factors associated with all types of growth disturbance 
of the proximal femur include: Age at reduction,2,3,6,7,9,20-

22,27,28 absence of the ossified nucleus,21,22,29,30 height of 
the dislocation,31 an inverted labrum32 or soft-tissue 
interposition,32,33 the use of preoperative traction,1,2,5,7-9,21,24

the type of reduction,1,6,9,20,22,26,28,34 forceful reduction,5,19

not achieving a concentric reduction,35,36 casting in ab-
duction more than 60 degrees or in full internal rotation, 
2,3,6,7,9,21,27 and adductor tenotomy.27 Most likely, growth 
disturbances are the result of multiple, simultaneous 
factors.6

According to the systems of Bucholz and Ogden3

and Kalamchi and MacEwen,8 type III growth distur-
bance (T3GD) is characterized by severe damage to 
the femoral head and the central part of the physis. 
This damage is characterized by symmetrical growth 
retardation of the femoral neck, relative overgrowth 
of the greater trochanter, and abnormal growth of the 
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whole epiphysis. Identical findings were classified more 
recently by Kruczynski as type V.12 Prevalence of T3GD 
has been estimated to range from 14 to 30 percent.9,37

Reported sequelae of T3GD include joint incongruence, 
femoral head eccentricity, marked coxa vara, acetabular 
dysplasia, osteoarthritis of the hip joint and limb-length 
inequality.12  However, we are not aware of any studies 
providing quantitative data and long-term follow-up 
to support the relationship between T3GD and these 
outcomes. The purpose of this study is to describe the 
outcomes of T3GD, focusing on acetabular development 
and the prevalence of osteoarthritis, relative to similarly 
treated hips that did not develop a growth disturbance. 

MATERIAL AND METHODS
Patient Selection

We reviewed the charts of 229 children with DDH 
treated by either closed or open reduction at the Uni-
versity of Iowa Hospitals and Clinics from 1938 to 1990.
Of these, 29 hips in 22 patients had a T3GD: Six patients 
had bilateral disease with bilateral T3GD, one had 
bilateral disease but unilateral T3GD, and sixteen had 
unilateral disease and unilateral T3GD. These hips com-
prise the case group. The control group was composed 
of patients gathered previously for a study of acetabular 
development after initial reduction for DDH.31  This 
group (selected from the same patient population as the 
cases) included patients who had no further treatment 
prior to skeletal maturity and no growth disturbances. 
Seventy-two hips in 57 patients were used as controls. 
The remaining patients in the initial cohort did not have 
follow-up past maturity.

Treatment
Closed reduction was achieved through gentle manip-

ulation under general anesthesia, applying traction with 
the hip and knee flexed while the greater trochanter was 
pushed anteriorly. The children then wore a hip-spica 
plaster cast for three months. Concentric reduction of 
the femoral head was maintained after plaster cast re-
moval with an abduction brace at night and napping for
several months.9 Open reduction was indicated when a 
congruent, stable, closed reduction under anesthesia and 
arthrographic control was not possible, or when extreme 
abduction was necessary to maintain reduction. Open 
reduction was performed through an anteromedial ap-
proach38 followed by a plaster cast in the human position 
for three months. After the cast was removed, patients 
wore an abduction brace full time for two months, and 
then at night and during napping hours for a period of 
one or two years.

Radiographic Evaluation
The diagnosis of T3GD was determined using the 

classification system of Bucholtz-Ogden.3,8 All cases were 
confirmed by two authors who were not the treating phy-
sicians (C.A.F. and J.A.M.). The time to first appearance 
of T3GD was recorded in months after reduction. The fol-
lowing measurements and classifications were recorded 
for both the cases and controls: Age at reduction, type 
of reduction, pre-reduction Tönnis grade of dislocation,29

the presence and characteristics of the ossific nucleus, 
serial measures of the Smith centering ratios39 and the 
acetabular index40 from reduction until skeletal maturity. 
Additionally, the skeletal maturity film was evaluated for 
the following: Acetabular index, acetabular width and 
depth,29 femoral head sphericity index,41,42 Severin22 and 
Stulberg33 classifications, acetabular roof orientation42

(upsloping, horizontal or downsloping), presence of coxa 
magna, and the presence of degenerative joint disease 
using the Boyer classification.43

Radiographs were taken at dif ferent times post-
reduction; therefore, not all patients had radiographs 
at all follow-up periods of interest in this study. This is 
common in any study of clinical practice. Since missing 
data can lead to biased estimates of risk (due to the 
use of incomplete data or the exclusion of cases with 
incomplete data), values for missing data are commonly 
imputed.44  To partly correct for this source of bias, all 
analyses were performed on a dataset that included 
both observed and imputed values for the acetabular 
index, acetabular floor thickness, and lateral and supe-
rior centering ratios. Using a linear spline function, we 
estimated missing values of given predictors based on 
the magnitude and pattern of each individual patient’s 
existing measurements.45  Simultaneously, the function 
adjusted these values to estimate what would have been 
observed if all radiographs had been taken at the same 
time relative to the reduction, namely, six, twelve and 
eighteen months, and two through seven years post-
reduction. This function creates a complete series of data 
for each patient, with measurements corresponding to 
a standardized follow-up protocol. This procedure was 
used in a previous paper.31

Statistical Analyses
Cases and controls were compared using a combina-

tion of parametric and non-parametric tests as appro-
priate, including Fisher’s exact test, odds ratios, and 
Student’s t-tests. Alpha was set at 0.05. 
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RESULTS
Cases with Type III Growth Disturbance

Of the 22 patients in the case group, 20 were female 
(87%), 7 had bilateral DDH (33%), and the left hip was 
affected in 7 of the 14 patients with unilateral disease. 
The initial treatment was open reduction in 12 hips (41%) 
and the remainder were treated by closed reduction. 
The average age at reduction was 21 months: 7 patients 
were treated at less than twelve months of age (32%), 9 
between 12 and 24 months (41%), and 6 after 25 months 
of age (28%). The growth disturbance was first noted, 
on average, at 11 months post-reduction (range 5-19 
months). Only one of the patients with bilateral DDH 
did not develop bilateral growth disturbance. The aver-
age time until healing was 8.5 months after the appear-
ance of the growth disturbance (range: 3-84 months). 
One patient underwent an acetabular shelf and various 
derotation osteotomy procedures at age ten years for 
acetabular dysplasia, and a second patient underwent a 
trochanteric arrest at age seven for femoral dysplasia. 
Only data prior to these procedures was used for this 
evaluation, resulting in an average age at final follow-up 
of 26 years (range: 19-57 years). 

Controls
Of the 57 control cases (71 hips), 47 were female 

(82%) and 43 had a unilateral dislocation (75%). The 
left hip was involved in 28 of the unilateral cases (65%). 
Initial treatment consisted of open reduction in 24 (33%) 
and closed reduction in the remainder. Average patient 
age at reduction was 16 months: 21 patients (37%) were 
treated before the age of 12 months, 26 between 13 and 
24 months (46%), and 10 after the age of 24 months 
(18%). The average age at last follow-up was 34 years 
(range: 18-60 years). 

CASE/CONTROL COMPARISONS
Pre-Reduction to Skeletal Maturity

Table 1 summarizes the case and control-group com-
parisons. There was no difference in the prevalence of 
T3GD dependent on the age at reduction (p=0.09) or 
type of reduction (p<0.49). However, the odds of devel-
oping T3GD were 3.36 (p=0.008, 95% CI 1.36 to 8.30) 
in Tönnis grade 4 hips compared to grades 2 and 3. Of 
the 37 hips without an ossific nucleus at reduction, 9 
(24%) developed T3GD, compared to 19 of 63 hips (30%) 
without a nucleus (p<0.65). There was no difference in 
the acetabular index (AI) between the two groups until 
5 years after reduction, when the improvement slowed 
for the T3GD hips relative to that in the control hips. 
At that time, the average AI was 25.69 degrees in the 
T3GD cases compared to 22.74 degrees in the controls 

(p=0.03). By 7 years after reduction, the AI inT3GD hips 
averaged 26.59 degrees compared to 20.73 degrees in 
the control hips (p=0.001). 

In looking at the relationship between the femoral 
head and the acetabulum over time, there was no dif-
ference in the lateral Smith centering ratio until 3 years 
after reduction; from that point on, the T3GD hips 
consistently had a significantly larger ratio than did the 
control hips (all p-values <0.05). Likewise, the superior 
ratio in the cases was significantly smaller than that in 
the controls beginning at three years after reduction (all 
p-values <0.05). In these hips, a smaller ratio reflects the 
collapse of the femoral head (bringing the metaphysis 
closer to Hilgeinreiner’s line) and not a greater degree 
of superior subluxation. 

Skeletal Maturity
At skeletal maturity, 3 (10%) of the T3GD hips were 

Severin I or II, compared to 47 (65%) of the controls; 20 
(69%) were Severin III compared to 16 (21%); and 6 (21%) 
were Severin IV compared to 10 (14%) of the controls 
(p=0.0001). The acetabular sourcil was downsloping in 
only 3 (10%) of the T3GD cases compared to 39 (53%) 
of the controls (p=0.0002). Coxa magna was present in 
15 (52%) of the T3GD cases and 19 (26%) of the controls 
(p=0.02). On average, the acetabulum was shallower in 
the T3GD cases (14.66 versus 17.44, p<0.008)) and the 
femoral head spherical index was also smaller (22.48 ver-
sus 26.69, p<0.003). Signs of degenerative joint disease 
(grades 1-2) were already present in 7 (24%) of the T3GD 
cases but in none of the controls (p<0.001). 

TABLE 1
Characteristics of Cases and Controls

Type of Reduction  Type III Cases Controls

Open 12 (41%) 25 (34%)
Closed 17 (59%) 48 (66%)

Ossific Nucleus prior 
to Reduction  

Present 20 (68%) 44 (60%)
Not Present 9 (32%) 29 (40%)

Age at reduction  
<12mo 9 (31%) 27 (37%)

12-24 12 (41%) 32 (44%)
25+ 8 (28%) 14 (19%)

Tönnis grade 
at reduction  

Grade 2 or 3 10 (34%) 47 (64%)
4 19 (66%) 26 (36%)
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Final Follow-Up
At final follow-up, the average age of the T3GD group 

was 26 years (range: 19-57 years), and the control group 
averaged 34 years (range: 18-73 years). Of the T3GD 
hips, 7 (24%) have undergone total hip replacement 
compared to 7 (10%) of the control group (p<0.02). Of 
the T3GD Severin II hips, none have yet undergone total 
hip replacement, compared to 1 (15%) of the Severin III 
hips, and 6 (43%) of the Severin IV hips. In terms of the 
Stulberg classification, none of the Stulberg II hips have 
undergone total hip replacement, compared to 4 (19%) of 
the Stulberg III and 3 (75%) or the Stulberg IV hips. 

DISCUSSION
Growth of the proximal end of the femur is a com-

plex process likely determined by genetic factors, pres-
sures across the hip joint, joint nutrition and vascular 
circulation.18,21,46,47 Disturbance of one or several of these 
processes during treatment of DDH could lead to a 
growth abnormality of the proximal femur. 

Several treatment factors have been hypothesized 
to cause a growth disturbance including age at 
reduction,2,6,7,9,48-50 absence of the ossified nucleus,27,48,49,51-

53 height of the dislocation,38 an inverted labrum36 or 
soft-tissue interposition,35,36 the use of preoperative 
traction,1,2,5,7-9,21,24,26 type of reduction,1,6,20,22,26,28,34 forceful 
reduction,5,19 not achieving a concentric reduction,35,36

casting in abduction more than 60 degrees or in full 
internal rotation,2,3,6,7,9,21,27 and adductor tenotomy.27

Some controversy exists about the age of the child at 
the time of treatment and the development of a growth 
disturbance. Most authors agree that the younger the 
patient, the worse the prognosis, due to the fragility 
of the femoral epiphysis (composed mostly of carti-
lage and end-arteriolar network without anastomotic 
circulation).7,8,27,29,30,54 In addition, Segal et al.,52 Tönnis 
55 and Clarke et al.51 proposed that treatment should be 
delayed until the appearance of the ossified nucleus and 
an effective collateral circulation is established. However, 
this concept has recently been challenged.49 With the 
data available from the current study, we did not find a 
significant difference in the risk of T3GD due to the age 
at reduction or the presence or absence of the femoral 
ossific nucleus.

The prevalence of T3GD is difficult to estimate, and 
likely varies due to the diversity of treatments used to 
treat DDH. Soft-tissue interposition after closed reduc-
tion in DDH has been related to an increased risk of 
growth disturbances.35,36 Increased pressure in the hip 
joint is thought to occlude cartilaginous canals or venous 
outflow, leading to growth disturbances of the femoral 
epiphysis.27,51 Damage to the central part of the physis 
could lead to a definitive growth arrest or impair the 

development of the whole femoral head. Some investiga-
tors report an increase risk of growth disturbances after 
closed reduction,7,9,34 and others after surgical treatment, 
either by anteromedial20,26 or anterolateral approaches.56-59

Conversely, closed and open reduction have been as-
sociated with the same rates of growth disturbance in 
other reports.36,38 In this series, we were unable to find 
any significant difference in the prevalence of T3GD 
between closed or open reduction by the anteromedial 
approach. 

Several early radiographic signs are thought to pre-
dict later appearance of T3GD. We found the ossified 
epiphysis always showed an anarchical and complete 
fragmentation with a subsequent broadening and collaps-
ing pattern. When the epiphysis was absent, we saw a 
delay of ossification and subsequently, the same pattern 
described previously. But the most precocious and con-
sistent findings were seen in the physis and metaphysis, 
such as metaphyseal irregularity, osteolysis or cyst 
formation and medial beaking of the femoral neck. We 
could not detect bridging bone across the physis. Phy-
seal growth arrest was followed by appositional periostic 
bone around the neck of the femur and normal growth of 
the greater trochanter, leading to a short, broad femoral 
neck and a reversal of the epiphyseal-trochanter rela-
tionship. These changes were observed within the first 
year after treatment, and healing time was also quickly 
established. However, long-term and careful follow-up is 
necessary because there may be pattern changes over 
time, as previously described.38,50

Another controversial point is the height of the dis-
location at the time of reduction. Cooperman et al.34 in 
a 30-year follow-up, and Gibson et al.57 pointed out that 
the high degree of initial displacement was not a factor 
in subsequent growth disturbance. But in this study, the 
severity of anatomical dislocation was a strong predictor 
of T3GD. Patients with Tönnis grade IV dislocation were 
at a three-times greater risk of developing this complica-
tion. Because of this, we suggest that other alternative 
treatments, combining an open reduction by antero-
lateral approach and a femoral shortening osteotomy, 
should be considered in the case of a high dislocation. 
Combined procedures are usually indicated in older 
children,13,18,58,60-62 but in special circumstances might be 
applied in those younger than two years.64

Acetabular remodeling, measured by the acetabular 
index, proceeded normally in this series until approxi-
mately five years after reduction, when development 
slowed in the T3GD hips. The sourcil was upsloping or 
horizontal in 90% of the T3GD hips. On the other hand, 
the superior Smith ratio was not different between 
T3GD hips and the controls within the first three years 
post-reduction, but from that point it became smaller, 
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the T3GD cases at the time of skeletal maturity. In addi-
tion, the Severin classification was a strong predictor of 
total hip replacement: None of the T3GD-Severin II hips 
underwent total hip replacement compared to 15 percent 
and 43 percent of the T3GD-Severin III and IV hips, 
respectively. The Stulberg classification was also predic-
tive of degenerative joint disease and subsequent total 
hip replacement: None of the Stulberg II hips developed 
osteoarthritis, compared to 19 percent of the Stulberg 
III and 75 percent of the Stulberg IV hips. Therefore, 
residual acetabular dysplasia, as assessed by the Severin 
and Stulberg classifications, predicts total hip replace-
ment. Figures 1 through 5 summarize the treatment and 
outcomes of a patient who underwent closed reduction 
at six months of age for a Tönnis grade 3 dislocation. 

Figure 1.  Pre-reduction radiograph of a 6-month-old female with a 
Tonnis grade 3 dislocation of the right hip.  

Figure 2.  Patient at 10 months post reduction.  There is evidence 
of delay of the ossific nucleus on the right side.  Note a small defect 
in the ossific nucleus of the left, non-affected hip.

quantifying the collapse and hypertrophy of the femoral 
head and assuming a false subluxation pattern. The latter 
is represented by the development of true coxa magna, a 
smaller femoral head index and the relative shallowness 
of the acetabulum. Because the majority of acetabular 
development occurs by eight years of age,32,63,64 the de-
formed femoral epiphysis alters its normal growth and 
tends to deteriorate over time.

The results of this study demonstrate that T3GD leads 
to acetabular dysplasia even if a concentric reduction was 
obtained at the time of reduction. At skeletal maturity, 
90% of the T3GD hips were classified as Severin III or 
IV. There is also strong evidence that residual acetabular 
dysplasia leads to early degenerative joint disease.4,6,9,25,31-

34 Signs of osteoarthritis were already present in 24 % of 

Figure 3.  Patient at 5 years post reduction.  Note the femoral head 
deformity, horizontal epiphyseal line, and the abnormal metaphysis 
on the right side.  The acetabulum is developing normally.  Note hori-
zontilization of the left femoral epiphysis indicating a mild case of type 
II growth disturbance in the passively treated non-affected hip.  

Figure 4.  Patient at 35 years of age.  There is a significant deformity 
of the femoral head and neck, with a decreased articular-trochanteric 
distance.  Signs of early degenerative joint disease include decreased 
joint space, sclerosis and cyst formation.  
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At skeletal maturity her hip was classified as Severin III 
and by adulthood (Figure 4), it was classified as Severin 
IV and Stulberg IV. Figure 5 shows the hip immediately 
prior to total hip arthroplasty, with severe osteoarthritis 
causing pain and functional deficits. 

Relative narrowness and insufficiency of the acetabu-
lum plus early cessation of hip remodeling and coxa 
magna observed in the T3GD cases may have indicated 
the need for pelvic osteotomy.6,65 Some investigators 
suggest these procedures should be performed at an 
early age, while the femoral head has its highest remod-
eling potential.1,27,66 Depending on joint congruence or 
incongruence, the age of the patient, and the need to 
increase the acetabular volume, it seems logical to per-
form a redirectional osteotomy, or the more commonly 
performed shelf procedure, or Chiari osteotomy.56,66

Prospective long-term studies are required to validate 
these indications. 

In conclusion, T3GD remains the most severe and 
devastating complication after treatment of developmen-
tal dysplasia of the hip in children. Acetabular dysplasia 
developed in 90% of the hips in our series. In most of the 
cases, poor acetabular development and flattening of the 
femoral head led to early degenerative changes in the 
hip joint. The risk increases in high-degree dislocations, 
independent of the treatment performed. 
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