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Abstract

Purpose A late finding of some hips treated for devel-
opmental dysplasia of the hip (DDH) is a growth distur-
bance of the lateral proximal femoral physis, which results
in caput valgum and possibly osteoarthritis. Current treat-
ment options include complete epiphysiodesis of the
proximal femoral physis or a corrective proximal femoral
osteotomy. Alternatively, a transphyseal screw through the
inferomedial proximal femoral physis that preserves
superolateral growth might improve this deformity.
Methods This study evaluates the effect of such a
transphyseal screw on both femoral and acetabular devel-
opment in patients with caput valgum following open
treatment of DDH. These patients were followed clinically
and radiographically until skeletal maturity. Preoperative
and postoperative radiographs were assessed, measuring
the proximal femoral physeal orientation (PFPO), the
head—shaft angle (HSA), Sharp’s angle and the center edge
angle of Wiberg (CE angle).

Results  Thirteen hips of 11 consecutive patients were
followed prospectively. The age at the time of transphyseal
screw placement was between 5 and 14 years. The mean
improvement of the PFPO and HSA was 14° (p < 0.01)
and 11° (p < 0.001), respectively. The mean improvement
of Sharp’s angle and CE angle was 4.7° (p < 0.01) and 5.8°
(p < 0.02), respectively. Five patients underwent screw
revision.
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Conclusions A transphyseal screw across the proximal
femoral physis improved the proximal femur and acetab-
ular geometry.
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Introduction

Several studies have described deformities of the femoral
head and neck that arise from growth disturbance of the
proximal femoral physis following treatment of develop-
mental dysplasia of the hip (DDH) [1-5]. In a study by
Kalamchi and MacEwen, the most common pattern of
growth disturbance following treatment of developmental
dysplasia occurred in the lateral proximal femoral physis
[4]. As a result of this growth disturbance, the proximal
femoral physis became horizontally oriented and the
femoral head appeared in valgus relative to the femoral
neck, resulting in a caput valgum deformity (Fig. 1).
Ogden suggested that this growth disturbance resulted from
occlusion by compression of the lateral epiphyseal branch
of the medial circumflex artery in either the superior or
posterior intra-epiphyseal groove by the acetabular labrum
[6]. This is consistent with the findings by others that
excessive abduction is a risk factor of growth disturbance
in DDH [1-5].

The sequelae of caput valgum deformity are unpre-
dictable, but may result in poor acetabular development,
acetabular dysplasia and early degenerative arthritis [3, 4,
7, 8]. Early recognition of deformity is difficult, and late
management is challenging. When recognized early, a
complete epiphysiodesis of the proximal femoral physis
would maintain the femoral-acetabular relationship, but at
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Fig. 1 The most common
growth disturbance following
treatment of developmental
dysplasia of the hip occurred in
the lateral aspect of the
proximal femoral physis. This
growth disturbance resulted in a
horizontal orientation of the
proximal femoral physis and
caput valgum deformity

Normal
growth

Normal development

of femoral neck

Fig. 2 Radiographic measurements: a the head—shaft angle (HSA) is
the angle between a line perpendicular to the proximal femoral physis
and the femoral shaft. The physeal orientation (PO) is the angle
between the horizon and the line through the middle 1/3 of the
proximal femoral physis. b The middle 1/3 of the proximal femoral
physis was defined by a line connecting the medial point (point B) and
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lateral point (point C) of the middle 1/3 of the physis. ¢ Sharp’s angle
is measured from the radiographic teardrop to the lateral margin of the
acetabulum and a line connecting both teardrops. The center edge
angle of Wiberg (CE) is measured from the center of the femoral head
to the lateral margin of the acetabulum and a line perpendicular to a
line connecting the center of both femoral heads
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Table 1 Demographics

Patient Gender Age at time of screw Side Follow-up
insertion (years) (months)
1 F R 70
2 F R 21
3 F R 81
4 M 12 R 37
5 M 10 R 70
6 M 14 L 19
7 F 7 L 75
8 F 12 L 80
9 F L 73
10 F B 104
11 F 11 B 24

the expense of femoral neck length. When recognition
occurs after the development of a caput valgum deformity,
an acute corrective osteotomy might be considered. How-
ever, the osteotomy is often performed at the level of the
lesser trochanter and introduces a translational deformity.
Another disadvantage is that a corrective osteotomy per-
formed prior to skeletal maturity incurs the risk of recurrent
deformity, if the growth disturbance of the proximal
femoral physis remains untreated.

With recent studies evaluating guided growth in skele-
tally immature children [9-11], another option for treating
caput valgum is to insert a transphyseal screw through the
inferomedial proximal femoral physis. The hypothesis is
that gradual correction of the caput valgum occurs. This

Table 2 Radiographic measurements—proximal femur

paper continues the follow-up of early results presented
previously [12]. That study reported the early radiographic
changes in the proximal femur and acetabulum following
the insertion of a transphyseal screw for the treatment of
caput valgum associated with DDH.

Materials and methods

Between 2003 and 2007, consecutive patients treated with
a transphyseal screw for caput valgum were prospectively
followed. All patients were undergoing ongoing clinical
and radiographic review following open treatment via a
medial approach for DDH. The senior author selected
patients for transphyseal screw placement when increasing
caput valgum deformity was recognized on serial radio-
graphs. Patients with hip dysplasia secondary to neuro-
muscular conditions, arthrogryposis, or other teratologic
conditions were excluded.

Each patient had serial radiographs of the pelvis every
6 months until skeletal maturity. Radiographs of the pelvis
were standardized by imaging patients standing, with
patellae forward. After skeletal maturity, children were
followed annually. From these pelvic radiographs, the
proximal femur geometry was measured by measuring the
physeal orientation and the head—shaft angle, as shown in
Fig. 2a. The physeal orientation was defined as the angle
between the middle 1/3 of the proximal femoral physis and
a horizontal line. Since the proximal femoral physis is
curvilinear, the middle 1/3 was defined by a line that
connected the medial and lateral points of the middle 1/3 of

Patient Preoperative Preoperative Postoperative Postoperative ~ Preoperative  Preoperative ~ Postoperative ~ Postoperative
physeal physeal physeal physeal HSA— HSA— HSA— HSA—treated
orientation— orientation— orientation— orientation— untreated treated side untreated side side (°)
untreated side treated side (°) untreated side treated side (°) side (°) ©) ©)
® ®

1 15 -1 22 19 158 180 158 156

2 11 —11 -22 167 183 161 179

3 14 6 7 14 158 163 151 149

4 19 18 3 12 159 166 172 169

5 9 =5 9 -3 163 177 169 172

6 9 23 10 35 159 157 153 135

7 14 =5 7 17 161 172 153 160

8 18 7 23 2 152 166 157 160

9 16 —13 23 20 161 171 159 160

10 0 28 168 149

—10 34 172 155

11 2 13 167 164

—6 21 173 158

HSA Head-shaft angle
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(a) s0 preoperative physeal orientation measurements performed
=R —1 by a pediatric orthopaedic surgeon and performed by a
S z pediatric radiologist.
E =3 In addition to the above measurements, complications
e e were noted, including infection and symptomatic hardware.
‘E 0 e Complications also included the epiphysis growing off the
E ?:.2 6 screw. When this was noted, revision surgery was per-
5 % 7 formed by either advancing the existing screw or replacing
g g 120 8 the screw with a longer screw.
Ss& Y —9
§ 20 1o Surgical technique
_E 30 @ 10b
40 1 Patients were positioned supine on a radiolucent operating
Follow-up (months) b (able. After routine preparation, the affected limb was
draped to allow free movement of the hip. Under the image
(b1)90 intensifier, the hip was examined and positioned, usually
o1 rotated internally, to show the maximum profile of the
7 2 femoral neck. Through a 2-cm incision, a guide wire was
::30 a3 introduced to enter the lateral and proximal aspect of the
§ SV femur just distal to the greater trochanteric growth plate.
< —%—5 The guide wire was passed across the inferomedial half of
Z 6 the proximal femoral physis. Care was taken to avoid
E 7 advancing the guide wire into the hip joint. The length of
z ) screw was measured off the guide wire, with the expecta-
g 140 — 9 tion that the screw should be slightly proud on the lateral
10 aspect of the femur. The screw was then passed carefully
130 10b over the guide wire into the femoral head. At the stage

20 40 60 80 100 120
Follow-up (months)

Fig. 3 a Physeal orientation of the proximal femur of hips treated
with transphyseal screws versus follow-up time. b Head—shaft angle
of hips treated with transphyseal screws versus follow-up time

the physis (Fig. 2a, b). The physeal orientation was
recorded as positive when the physis faced toward the
acetabulum, and negative when the physis faced away from
the acetabulum. The head—shaft angle was measured by the
technique reported by Foroohar et al. [13] and previously
by Southwick [14]. Acetabular changes were measured by
Sharp’s angle [15] and the center edge angle of Wiberg
(CE angle) [16], as shown in Fig. 2c. Measurements were
performed using OsiriX (Pixmeo SARL, Bernex, Switzer-
land). Preoperative and postoperative radiographic angles
were analyzed using paired f-test statistics with SPSS®
(International Business Machines Corporation, Amonk,
NY, USA). Treated and untreated extremities were ana-
lyzed using Student’s ¢ test.

Since the physeal orientation measurement is a novel
measurement, intra- and inter-rater reliability was tested
using the interclass correlation (ICC). Intra-rater reliability
was assessed by repeating preoperative physeal orientation
measurements with more than 1 year between measure-
ments. Inter-rater reliability was assessed by comparing
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where the screw advances on the threads of the guide wire,
additional caution was exercised to avoid inadvertently
advancing the wire into and across the hip. The screw was
advanced until the tip of the screw reached the subchondral
bone, and the position was confirmed with the image
intensifier. In this series an 8-mm Stryker ASNIS (Stryker
Orthopaedics, Mahwah, NJ, USA) or a 7.3-mm Synthes
cannulated screw (Synthes, Oberdorf, Switzerland) was
used. Fully threaded screws were preferred to facilitate
potential screw removal later, but partially threaded screws
were used when fully threaded screws were unavailable.

Results

Thirteen hips in 11 patients were evaluated. Demographics
are summarized in Table 1. Eight patients were females,
and three were males. Nine patients had unilateral
involvement, and two patients had bilateral involvement.
The age of patients at the time of transphyseal screw
insertion averaged 9 years 3 months (range 35 years
8 months—14 years 3 months). Mean follow-up time was
60 months (range 19—104 months). All hips were followed
until skeletal maturity.

Hips treated with the transphyseal screw had radio-
graphic improvements in the orientation of the proximal
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Table 3 Radiographic measurements—acetabulum

Patient Preoperative Preoperative Postoperative Postoperative ~ Preoperative ~ Preoperative  Postoperative =~ Postoperative
Sharp’s Sharp’s Sharp’s Sharp’s CE angle— CE angle—  CE angle— CE angle—
angle— angle—treated angle— angle—treated untreated side treated side  untreated side treated side
untreated side  side (°) untreated side side (°) ©) ©) ©) ©)
©) @)

1 45 57 36 45 30 -2 37 21

2 46 45 44 41 25 22 26 25

3 47 40 47 37 20 28 24 30

4 47 46 42 44 29 26 25 30

5 51 48 47 52 19 18 23 11

6 49 54 50 44 24 3 20 6

7 47 52 44 45 26 10 28 24

8 43 37 43 39 42 35 42 36

9 43 50 47 45 39 18 30 25

10 48 42 20

50 44 17

11 46 36 38 41

46 44 30 31

CE center edge

femoral physis (Table 2; Fig. 3). The physeal orientation of (a)

the proximal femur of treated hips improved by a mean of . 45

14° 4+ 16° (mean =+ standard deviation), with a 95 % § !

confidence interval (CI) of 4.2°-24° (p = 0.009). These E" :

hips had a mean preoperative physeal orientation of % ::z

0.4° £ 11°, and a mean final physeal orientation of E e

15° + 16°. By comparison, the untreated hips showed no S .

significant changes: the mean preoperative physeal orien- E ey

tation measured 14° £ 3.6°, and the mean final physeal ® 8

orientation measured 12° £ 7.8° (p = 0.61). At final fol- < L

low-up, the physeal orientations of treated and untreated ':c: e 10

hips were not statistically different (p = 0.7). The ICC for o 106

intra- and inter-rater reliability was 091 (95 % § 0 u

CI = 0.79-0.96) and 0.89 (95 % CI = 0.74-0.95), 5 L T S

respectively. The head—shaft angle of treated hips Follow-up (months)

improved by a mean of 11 £ 8.1° (95 % CI = 6.6°-16°,

p < 0.001). These hips had a mean preoperative head—shaft (b)

angle of 170° = 7.0°, and a mean final head—shaft angle of ——1

159° + 11°. By comparison, the uninvolved hips showed ) 2

no significant changes: the mean preoperative head—shaft :‘31, Bt

angle measured 160° £ 4.1°, and the mean final head- i —4

shaft angle measured 159° £ 7.2° (p = 0.82). At final = —*=5

follow-up, the head—shaft angles of treated and untreated % 6

hips were not statistically different (p = 0.9). = -7

Acetabular measurements also showed improvements .:5“ \ 8

in affected hips treated with a transphyseal screw -9

(Table 3; Fig. 4). Sharp’s angle of treated hips improved 0 50 40 e 80 w00 120 T O

10b

by a mean of 4.7°+£4.6° (95% CI= 1.9°-7.5°,
p = 0.003). These hips had a mean preoperative Sharp’s
angle of 47° £ 5.3°, and a mean final Sharp’s angle of
43° £ 4.1°. By comparison, Sharp’s angle for the

Follow-up (months)
Fig. 4 a Center edge angle of Wiberg of hips treated with

transphyseal screws versus follow-up time. b Sharp’s angle of hips
treated with transphyseal screws versus follow-up time

@ Springer



376

J Child Orthop (2015) 9:371-379

untreated hip did not change: the mean preoperative
Sharp’s angle measured 46° & 2.6°, and the mean final
Sharp’s angle measured 44° 4+ 4.0° (p = 0.15). The CE
angle of treated hips improved by a mean of 5.8° £ 7.5°
(95 % CI = 1.2°-10°, p = 0.017). These hips had a
mean preoperative CE angle of 19° £ 13° and a mean
final CE angle of 24° £ 9.7°. By comparison, the CE
angle for the untreated hip showed no improvement: the
mean preoperative CE angle measured 28° £ 7.9°, and
the mean CE angle at final follow-up measured
28° + 7.0°. At skeletal maturity, treated hips and unin-
volved hips were not statistically different (p = 0.08).

No early complications were noted in this series. There
were screw revisions in five hips in four patients, occurring
2549 months following insertion of the transphyseal
screw. In each case, the screw was advanced or exchanged
for a longer screw to cross the physis. The transphyseal
screw was removed in two patients following skeletal
maturity upon each patient’s request. One patient under-
went trochanteric advancement at the time of transphyseal
screw removal.

WEIGHT BEARING

WEIGHT BEARING

Discussion

The purpose of this investigation was to study the effects of
a transphyseal screw on the growth of the proximal femoral
physis in patients with caput valgum. Metaizeau et al.
described the use of transphyseal screw for angular cor-
rection in the knee [10], and Stevens et al. described the use
of a medial malleolar screw for angular correction of ankle
valgus [11]. Use of a transphyseal screw has been shown in
animal studies to cause angular change in the proximal
femoral physis [17]. This study evaluated the use of a
transphyseal screw in the setting of a growth disturbance of
the proximal femoral physis that resulted in a caput valgum
deformity, Fig. 5. Similar to other studies, the age range of
our patients at the time of initial identification was
5-14 years [4, 5, 8, 18]. Though some patients approached
skeletal maturity, all patients had open physes. Transphy-
seal screw insertion was performed with the intention that
some correction is better than no correction or progressive
caput valgum deformity. At skeletal maturity, significant
improvement occurred in the orientation of the proximal

Fig. 5 a Preoperative radiograph of an §-year-old patient with right DDH. b Pelvic radiograph following insertion of a right transphyseal screw.

¢ Pelvic radiograph 5 years after the insertion of the transphyseal screw
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femoral physis, as measured by the physeal orientation and
the head-shaft angle. Following transphyseal screw
placement, the physeal orientation improved by a mean of
14° and the head—shaft angle improved by a mean of 11°.
By comparison, untreated hips in patients with unilateral
transphyseal screw placement showed no significant
change in physeal orientation or head—shaft angle during
this study.

Defining the geometry of the proximal femur on two-
dimensional radiographs has limitations as compared with
three-dimensional imaging modalities. Serial computer
tomography would expose patients to unacceptably high
levels of radiation and serial magnetic resonance imaging
is cost-prohibitive. On plain film radiographs, abduction
and adduction of the hip, as well as internal and external
rotation of the hip, can affect radiographic measurements.
As such, efforts were made to standardize the position of
the patient, obtaining radiographs with the patient standing,
patellae forward, and hips with neutral abduction/adduc-
tion. Prior work by Foroohar et al. showed that the head—
shaft angle had good inter-rater reliability and minimal
variability due to rotation [13]. Since the orientation of the
physis was made relative to the femoral shaft, one disad-
vantage of the head—shaft angle measurement is that it does
not differentiate between coxa valga and caput valgum,
valgus orientation of the femoral neck and head,
respectively.

The physeal orientation was measured intending to
separate caput valgum from coxa valga by disregarding the
neck shaft angle. The orientation of the middle 1/3 was
measured, as opposed to the medial and lateral edges,
because following growth disturbance of the physis, the
physis is often nonlinear. The physeal orientation was
measured with respect to the ground and not the femoral
neck, because the femoral neck in patients with caput
valgum is short and accurate measurement is challenging.
McGillion and Clarke referenced the orientation of the
proximal femoral physis to the pelvis when they measured
“tilt angle” [19]. Measuring the orientation of the physis to
the ground, however, eliminates variability due pelvic tilt.
The physeal orientation measurements showed good intra-
and inter-rater reliability.

A secondary change noted in patients treated with
transphyseal screw fixation of the proximal femur was an
improvement in acetabular geometry. Sharp’s angle
improved by 4.7° and the center edge angle improved by
5.8°. The acetabular index was not measured in this study
because it becomes increasingly difficult to measure as the
triradiate cartilage closes when patients become skeletally
mature. Meanwhile, Sharp’s angle references landmarks
present through development, and it shows little variation
with pelvic tilt and pelvic rotation [15]. Furthermore, prior
studies report good inter- and intra-rater reliability for

Sharp’s angle and center edge angle of Wiberg [20]. While
the mean changes in Sharp’s angle and the CE angle were
small, in some children the improvement was remarkable.
In reviewing and measuring many radiographs, it appears
that the central third of the proximal femoral physis is
relatively straight, while the superior and inferior margins
droop. This central third of the physis corresponds to the
roundest part of the femoral head, which could be a stim-
ulus for acetabular improvement. However, this is difficult
to document but deserves further investigation.

At skeletal maturity, hips with caput valgum deformity
treated with transphyseal screw compared to the con-
tralateral hip in patients with unilateral deformity were not
statistically different. These results support the hypothesis
that placement of a transphyseal screw induces beneficial
changes to the proximal femur, as well as the acetabulum.
However, in comparison with published normal values, the
head—shaft angle, the center edge angle of Wiberg, and
Sharp’s angle for hips at skeletal maturity in this case series
were in the upper limits of normal, or slightly worse than
normal. Foroohar et al. reported the normal values of the
head—shaft angle in typically developing children to be
152.5° [13]. The head—shaft angle of patients in this study
at skeletal maturity was more similar to hips in patients
with cerebral palsy not warranting surgical intervention.
The mean final Sharp’s angle of treated hips and untreated
hips in this series was 43° and 44°, respectively. This was
slightly greater than the 42° reported by Sharp to be the
upper limit of normal [15]. Lastly, the CE angle of patients
in this series measured 24° and 28° for untreated hips and
treated hips at skeletal maturity, respectively, resulting in
borderline normal values of the CE angle [16, 21]. Com-
paring the treated and untreated hips to normal values
suggests that even untreated hips had subtle abnormalities
and longer-term follow-up is warranted.

The most common complication in this study was the
proximal femoral epiphysis growing off the screw neces-
sitating screw revision; see Fig. 6. With the epiphysis
being small, only a limited number of screw threads would
engage the femoral head epiphysis. Carney et al. showed
progressive slippage in patients with slipped capital
femoral epiphysis when less than five threads engaged the
proximal femoral epiphysis [22]. This group of patients
requiring revision of the transphyseal screw to recapture
the proximal femoral physis still made improvements in
head—shaft angle and physeal orientation. The small group
size, however, limits analysis. This series includes patients
with partially threaded screws and fully threaded screws,
based on available hardware at the time of surgery. The
senior author’s preference is for fully threaded screws to
facilitate removal; however, to date, there has been no
difficulty in removing partially threaded screws when
needed. One patient underwent trochanteric advancement
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Fig. 6 a Preoperative radiograph of a 7-year-old patient with
bilateral DDH. b Pelvic radiograph following insertion of bilateral
transphyseal screws. ¢ Pelvic radiograph 4 years after insertion; the

to address the short femoral neck resulting from the lateral
growth disturbance.

In summary, early identification of a lateral growth
arrest of the capital femoral epiphysis may be treated with
application of a transphyseal screw. The improvement in
the physeal orientation and head—shaft angle reflects the
effectiveness of guided growth principles in the proximal
femur. Furthermore, the improvement of the femoral head
may impart beneficial effects to the acetabulum as well,
though further investigation is required.
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(d)

STANDING

right transphyseal screw was revised and the left transphyseal screw
requires revision. d Pelvic radiograph 5 years 6 months after the
index insertion of bilateral transphyseal screws
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use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
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