
D
ow

nloaded
from

https://journals.lw
w
.com

/techortho
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3m

H
5nK33R

3Q
gN

p67du3qs/32R
4PG

jXjYm
q7qef8cEFvG

6061w
qaH

XXQ
==

on
02/04/2019

Downloadedfromhttps://journals.lww.com/techorthobyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3mH5nK33R3QgNp67du3qs/32R4PGjXjYmq7qef8cEFvG6061wqaHXXQ==on02/04/2019

Trochanteric-sparing Proximal Femoral Resection for Arthritic
Spastic Hips

Jennifer M. Bauer, MD, MS,* Marjorie P. Butler, BS,†
Perry L. Schoenecker, MD,‡ and Jonathan G. Schoenecker, MD, PhD†§∥¶#

Summary: Progressive hip subluxation or dislocation leading to
degenerative disease, in neuromuscular disease, is a significant cause of
morbidity to the patient and burden to the caretaker. Surgical salvage
procedures have unpredictable success. We hypothesized that modify-
ing the Castle-type proximal femoral resection by securing a retained
greater trochanter with its musculature to the capsular arthroplasty and
femoral shaft would compartmentalize the femur to decrease proximal
femoral migration and heterotopic ossification (HO), thereby precluding
the need for traction and HO prophylaxis while improving pain and
caretaker satisfaction. The purpose of this report is to describe the novel
trochanteric-sparing proximal femoral resection (TS-PFR) technique.
Seventeen hips in 13 patients were treated by the TS-PFR procedure.
Twelve of 13 patients experienced complete pain relief, and all had
improved sitting tolerance and perineal care. These results represent an
improvement from prior salvage operations, without increase in blood
loss, length of stay, proximal femoral migration, or HO. One patient
underwent revision for failed soft tissue envelope. A retrospective
review of patients treated at 2 institutions identified those who under-
went TS-PFR for arthritic spastic hip. Perioperative course, radiologic
evaluation for migration and HO, and caretaker satisfaction were
compared with prior published surgical techniques. The TS-PFR tech-
nique is a safe alternative to previously described spastic hip salvage
procedures and may improve upon them by creating a compartment for
the proximal femur that precludes the need for traction and decreases
HO. The technique improves patients’ pain, sitting tolerance, perineal
hygiene, and caretaker satisfaction.

Key Words: neuromuscular spastic hip—trochanteric-sparing proximal
femoral resection—Castle resection.

(Tech Orthop 2018;00: 000–000)

S evere spasticity secondary to static encephalopathy can lead
to multiple pathologies including end-stage arthritis of the

hip (Fig. 1). The likelihood of hip subluxation, dislocation, and/
or arthritis is proportional to the Gross Motor Functional
Classification Score (GMFCS) and age.1 Sixty percent of
spastic nonambulators have severely affected hips, ranging
from <30% femoral coverage to dislocation,2 with the average
hip dislocation occurring as early as 7 years.3 The majority of
patients (as high as 77%) with spastic neuromuscular hip sub-
luxation or dislocation experience problematic pain and
disability.3–5 Besides causing pain, a subluxated or dislocated
hip typically presents with noted difficulties for caretakers with
regard to sitting, positioning, perineal hygiene, and diapering.6

For these reasons, spastic neuromuscular hip instability can be a
significant cause of morbidity to the patient and burden to the
caretaker.

Treatment of problematic spastic neuromuscular hip dys-
plasia presenting in late childhood or older is variable. If a
congruent and stable reduction can be achieved, there is no
marked deformity of the femoral head, and the articular surface
is intact, a joint preserving procedure with open reduction and
proximal femoral and pelvic osteotomies should be
performed.7–10 If, in contrast, the hip is deemed not salvageable
secondary to end-stage arthritis, severe incongruency, or large
amount of femoral head bone loss and deformity, several
operations exist with the intent of relieving pain and restoring
motion necessary for activities of daily living (Fig. 2).6,11–19

Although morbidity is improved by these procedures, surgeon
and caretaker enthusiasm is limited by the need for post-
operative traction and reported persistent pain, proximal fem-
oral migration, heterotopic ossification (HO), and high revision
rates.6,11–32

We hypothesized that altering the proximal femoral
Castle and Schneider resection6 in a novel manner that
maintains anatomic location of the muscles surrounding the
proximal end of the resected femur would minimize direct
muscle injury. Specifically, utilizing technical advances
recently developed for surgical hip dislocations described by
Ganz et al,33 we postulated that securing a retained greater
trochanter with its attached gluteal and vastus musculature to
the capsular arthroplasty and remnant femoral shaft would
preclude the need for postoperative traction (Fig. 3 and in
more detail below). By compartmentalizing the proximal
femur, the rate of later-occurring femoral proximal migration
will be reduced. Because injured muscle is the nidus of HO,34

by maintaining origins and insertions of muscles that cross the
hip, we anticipated this technique would minimize Brooker
class 3 and 4 HO.35 The purpose of this study was to describe
this technique and the results of the trochanteric-sparing
proximal femoral resection (TS-PFR). We will also compare
our results to other spastic hip salvage surgeries, as previously
published, including the original Castle, McHale, and modi-
fied McHale techniques.
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MATERIALS AND METHODS

After obtaining institutional review board approval, a
retrospective chart review was performed for all proximal
femoral resections from 2010 through 2015 performed at 2
different pediatric centers. Inclusion criteria included those
cases in patients diagnosed as GMFCS IV and V from spastic
musculoskeletal disorders that underwent the TS-PFR.

A comprehensive chart review for each subject included basic
demographics, musculoskeletal diagnosis, and GMFCS level. Both
main and secondary presenting complaints were recorded, along with
preoperative pain medications and radiographic hip position.

Intraoperative blood loss was averaged between what the anesthesia
team and surgeon reported in their operative reports, if found to differ,
and divided between 2 hips in bilateral surgery. Estimated blood loss
(EBL) was calculated by surgeons’ standard practice, which includes
assessing volume in suction canisters and estimating that found on
drapes and or packs. Postoperatively, the chart was inspected for the
length of stay, immobilization method, and pain medications at the
6-week follow-up. Perioperative radiographs were compared with
final follow-up films at last visit to record femoral migration in the
technique described by Godfrey et al,14 who measured the vertical
distance between the lateral acetabular roof and the proximal most
part of the remnant femoral shaft. This measurement was made in our

FIGURE 1. Spasticity leads to end-stage osteoarthritis in cerebral palsy. Iliopsoas and abductor spasticity (A) leads to femoral head
subluxation (B) and dislocation (C). The new position of the femoral head against the supra-acetabular pelvis leads to arthritic
degeneration of the femoral head (D), while the overlying gluteus minimum is draped in tension across the proximally-riding femoral
head (E). This causes further femoral head deformity with superomedial bone loss (Fig. 7A) and an incongruous head if relocation-
reconstructive procedures are performed. The continued spastic motion of the spastic hip adjacent to the acetabulum causes acetabular rim
arthritis (F).
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patients off of the femoral shaft in the same manner, not the
retained greater trochanter, as the distinction between the 2 is
clear on radiographs and can be extrapolated from initial

radiographs if needed when the trochanter has fully fused. This
measurement on postoperative day 0 is compared with final
follow-up radiograph to determine migration HO, as classified

FIGURE 2. Traditional salvage procedures (A–D, Castle and E–G, McHale). A–D, illustrate the typical Castle procedure. This is a proximal
femoral resection that does not include compartmentalization of the femur to decrease heterotopic ossification, nor a restraint to the
femoral shaft proximal migration. E–H, Illustrate the McHale procedure. This involves a valgus osteotomy of the proximal femur, with
resection of the arthritic femoral head and reliance on osteotomy union with screw and plate implants, without a restraint to the femoral
shaft proximal migration.
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according to Brooker et al.35 All caregivers were surveyed by
telephone at the time of midterm data collection and again at final
long-term follow-up, using a previously described postoperative

pediatric spastic hip survey,14 with regard to change in pain,
sitting tolerance, perineal hygiene/diapering, and likelihood to
recommend the surgery to others.

FIGURE 3. TS-PFR (A–D, resection and E–G, securing). In the TS-PFR, the greater trochanter is osteotomized without releasing the vastus
lateralis or gluteus medius attachments (B). A subtrochanteric osteotomy is performed (C), with complete resection of the osteotomized
proximal femur (D). The acetabular capsule is then closed (E, F), and the greater trochanter is secured to both the now-closed capsule
and the remnant femoral shaft (G) in such a manner that allows union of the greater trochanter to the femoral shaft (H). TS-PFR indicates
trochanteric-sparing proximal femoral resection.
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Statistical Analyses
Data averages were reported as medians and all confidence

intervals (CIs) as 95%. When comparing averages within groups,
1-way analysis of variance was used; when comparing categorical
values, chi-squared independence test was used. These were indicated
wherever possible for clarity.

TS-PFR is an operative technique (Supplemental Video 1,
Supplemental Digital Content 1, http://links.lww.com/TIO/
A15, “TS-PFR technique”).

Approach
Patients are placed in the lateral decubitus position on either a

padded peg board or inflatable beanbag, and the involved lower
extremity is prepped and draped. The lateral approach is made
through a longitudinal incision centered over the greater trochanter,
extending distally 4 to 5 cm in line with the femur, and proximally
curving posteriorly, as described by Kocher and Langenbeck.36 The
superficial fascial layer is dissected to expose the iliotibial band
contiguous with a curvilinear exposure of the gluteus maximus
fascia. The iliotibial band is split beginning distally, roughly aligned
with the subtrochanteric region of the femoral shaft, and extending
proximally through the gluteus maximus fascia, following its curve

posteriorly at the level of the tip of the greater femoral trochanter.
A Charnley retractor is placed under the divided fascial layer at the
level of the anterior femoral tubercle and short external rotators. The
greater trochanteric bursa is excised to expose the vastus lateralis
distally, and the external rotators and gluteus medius tendon
proximally.

Trochanteric Osteotomy
The subtrochanteric region of the femur is exposed through a

posterior-based subvastus approach, beginning proximally at the
level of the vastus lateralis tendon and extending distally to the level
of the gluteus maximus insertion (Fig. 4A). A circumferential
subperiosteal window is developed using crego elevators immedi-
ately distal to the vastus ridge, elevating the vastus tendon anteriorly
and linea aspera posteriorly away from the femur. Proximally, the
interval between the insertion of the piriformis and the posterior
edge of the gluteus medius on the greater femoral trochanter is
marked with electrocautery; the fascia and muscle fibers of the
gluteus minimus are dissected off the superior border of the pir-
iformis to expose the hip capsule. The gluteal-piriformis interval is
extended distally at the planned level of the osteotomy. The
osteotomy of the greater trochanter is performed in a posterior to

FIGURE 4. Surgical approach and exposure of proximal femur (see text and Supplemental Video 1, Supplemental Digital Content 1,
http://links.lww.com/TIO/A15, “trochanteric-sparing proximal femoral resection technique” for more detail). A, The proximal femur
is exposed through a standard surgical hip dislocation/subvastus approach. The subtrochanteric level is exposed subperiosteally from
the vastus lateralis tendon and extending distally to the level of the gluteus maximums insertion. Proximally, the interval between the
insertion of the piriformis and the posterior edge of the gluteus medius on the greater femoral trochanter is developed. B, The
osteotomized trochanter is then flipped anteriorly, with the gluteus medius/minimus and vastus intermedius/lateralis remaining attached.
C, A capsulotomy is performed allowing for complete exposure of the joint. The remaining subtrochanteric region of the femur is
subperiosteally dissected, and the femur is osteotomized at or just above the level of the gluteus maximus insertion ~2 to 3 cms distal to
the lesser trochanter. D, The proximal femur is resected through subperiosteal dissection, traveling distal to proximal, leaving the
periosteum.
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anterior direction. It begins proximally between the piriformis and
medius tendons, extends distally deep to the vastus tendon, and
anteriorly through the anterior tubercle deep into the origin of the
vastus medialis, but superficial to the hip capsule, as Ganz originally
described in 1998.37,38 The osteotomized trochanter is then flipped
anteriorly, with the gluteus medius/minimus and vastus intermedius/
lateralis remaining attached (Fig. 4B). Any remaining gluteus
minimus and vastus intermedius are dissected off of the anterior hip
capsule to the level of the anterolateral rim of the acetabulum.

Femoral Resection
A spiked retractor is placed over the anterior rim of the ace-

tabulum just medial and superficial to the reflected head of the rectus
tendon. A capsulotomy is performed allowing for complete exposure
of the anterior hip joint. The remaining subtrochanteric region of the
femur is subperiosteally dissected, and the femur is osteotomized at
or just above the level of the gluteus maximus insertion into the
elevated linea aspera, ~2 to 3 cms distal to the lesser trochanter
(Fig. 4C). The proximal femur is resected through subperiosteal
dissection, traveling distal to proximal, and excised (Fig. 4D).

Compartmentalization
The capsule is imbricated with #2 ethibond sutures (Figs. 5A,

B). The trochanter is then affixed simultaneously to the imbricated
capsule and remaining femoral shaft with #5 ethibond sutures

(Figs. 5C, D). Six tunnels are created in the trochanter with a
2.5-mm drill bit (Fig. 6A). All sutures are tied tight, affixing the
trochanter to the imbricated capsule by passing 2 different sutures
through the top 2 pairs of trochanter tunnels. The distal pair of
trochanter bone tunnels is used for the third suture, which is passed
from the greater trochanter, through the proximal femur via a bone
tunnel with the femur and back through the trochanter to be tied
over it (Fig. 6B). The vastus lateralis fascia is repaired to the lateral
intermuscular septum, enclosing the remnant femur into the deep
compartment of the thigh (Fig. 6C). Repairing the iliotibial band
and gluteus maximus fascia enhances the femoral compartment’s
lateral border (Fig. 6D). Superficial fascia, dermis, and skin are
closed with absorbable sutures. The patient is placed into either an
abduction pillow, petrie cast, spica cast, or abduction brace for
comfort, and allowed activity and transfers immediately as tolerated
(Supplemental Video 1, Supplemental Digital Content 1, http://
links.lww.com/TIO/A15, “TS-PFR technique”). Our preferred
immobilization now from experience is an abduction pillow.
Patients received postoperative physical therapy for transfer training
with the family and seat modifications as needed, and all braces and
casts were discontinued at the first 6-week visit.

RESULTS

Seventeen hips in 13 patients underwent the TS-PFR procedure
(Table 1). The youngest patient’s surgery was prompted by a failed

FIGURE 5. Capsular arthroplasty and preparation of retaining sutures (see text and Supplemental Video 1, Supplemental Digital Content 1,
http://links.lww.com/TIO/A15, “trochanteric-sparing proximal femoral resection technique” for more detail). The capsule is imbricated to
cover the acetabulum with #2 ethibond sutures to form the soft tissue arthroplasty. First the inferior flap (A) then the superior flap (B) over
the inferior flap. C, Two sutures (#5 ethibond) are placed through the capsule providing 4 trochanteric-retaining suture limbs. A third suture
is passed through 2 holes in the proximal lateral remnant femur providing 2 additional trochanteric-retaining sutures. D, The trochanteric
flip segment, with all attached muscles, is placed over the imbricated capsule.
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varus derotation osteotomy that became dislocated and infected. Of
the 4 patients who had bilateral procedures, 2 had both hips operated
under the same anesthesia, and 2 were staged (1 during the same
hospitalization, and the other a year later). Eleven patients were
GMFCS level V, and their primary reason for presentation was pain.
Five hips’ spasticity was managed with baclofen, 4 with diazepam.
One patient was on preoperative narcotics for hip pain. Median fol-
low-up at the time of midterm phone survey was 13.0 months (95%
CI, 7.7-19.5mo), with 8 of 15 hips having at least 12 months of
follow-up. Average clinic follow-up was 12.0 months. Final phone
survey mean follow-up was 3.3 years (average, 3.4; 95% CI, 2.8-
4.0 y).

Median EBL for our patients was 100mL (95% CI, 56-275).
One patient was excluded from EBL data because he had femur
fracture fixation under the same anesthesia; this fracture had
occurred before surgery during custodial care secondary to con-
tracture and osteopenia associated with spastic hip. The smallest
of our cohort, weighing 14.5 kg, required a postoperative blood
transfusion. He had undergone staged bilateral resections 4 days
apart, with recorded EBL of 100 and 88mL, respectively. One
other patient received a transfusion; she was an outlier with
900mL EBL, with the next closest EBL at 300mL.

Median length of stay was 3.0 days postoperatively (95% CI,
2.4-5.1). Three outliers stayed 10, 9, and 7 days for postoperative
courses complicated by prolonged ileus, PICU transfer for persistent

FIGURE 6. Compartmentalization (see text and Supplemental Video 1, Supplemental Digital Content 1, http://links.lww.com/TIO/A15,
“trochanteric-sparing proximal femoral resection technique” for more detail). A, Six passages are placed in alignment with the tro-
chanteric-retaining sutures. The suture ends are drawn through these passages with a Hewson suture passer. B, The sutures are tied. C,
The vastus lateralis fascia is repaired to the lateral intermuscular septum, enclosing the remnant femur into the deep compartment of the
thigh. D, Repairing the iliotibial band and gluteus maximus fascia enhances the femoral compartment’s lateral boarder. Superficial fascia,
dermis, and skin are closed with absorbable sutures (not shown).

TABLE 1. Patient Demographics

Demographics Average (Range)

Age (y) 12.9 (7-32)
Weight (kg) 31.5 (14.5-64)

N/n
Male/female patients (13 patients) 5/8
Left/right hips (17 hips) 9/8

No. patients (of total N= 13)
Patient diagnosis 12 cerebral palsy

1 incontinentia pigmenti
Patient GMFCS 11: level 5

2: level 4

No. hips (of total N= 15)
Chief complaint 13 pain

1 positioning
1 distal femur fx/immobile hip

Hip position at presentation 11 subluxated
6 dislocated

Prior operation 6 VDRO
1 McHale

GMFCS indicates Gross Motor Functional Classification Score;
VDRO, varus derotation osteotomy.
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oxygen desaturations, and feeding intolerance, respectively. There
were no other medical complications. Surgical complications
included 1 wound cellulitis that resolved following oral antibiotic
treatment, and 1 failed soft tissue envelope. In this patient, excessive
migration of the proximal femur was noted at the initial 3-week
postoperative clinic visit. Treatment consisted of successful revision
of soft tissue greater trochanter compartmentalization of the prox-
imal femoral shaft, as it had migrated out of the compartment due to
technically poor trochanter fixation to the femur.

Radiographic follow-up revealed 3 distinct healing stages in
all patients who had a well-fixed greater trochanter (Fig. 7).
Abundant ossification with a woven appearance was first observed
in the anatomic location of the remaining cambium layer (see

Fig. 4D and Supplemental Video 1, Supplemental Digital Content 1,
http://links.lww.com/TIO/A15, “TS-PFR technique” for method of
preserving this layer) surrounding the remnant proximal femur
and trochanter within 2 months following the procedure (Fig. 7C).
Following, the remnant proximal femoral shaft united to the
trochanter (Fig. 7D). Finally, the newly formed bone remodeled
into mature-appearing bone (Fig. 7E). Exuberant ossification
was limited to the areas of remnant periosteum and not within
the perihip musculature that would cause arthrodesis (stage 3 or
4 Brooker HO). One patient developed clinically insignificant
(no arthrodesis or pain) stage 3 Brooker HO.

Final radiographic follow-up of the cohort, including the
single revised patient’s postrevision radiographs, showed no

FIGURE 7. Representative preoperative (A), intraoperative gross femoral head specimen showing superomedial bone loss (B), and
postoperative progressive healing radiographs (C–F). Thirty-two-year old, nonambulatory woman with chronic spastic subluxation
causing pain and caretaker difficulty. Please note labeled greater trochanter and femoral shaft. The labeled callus represents the process of
the healing fracture contained within its periosteal compartment, not heterotopic ossification. The periosteum is purposely left to unite
the shaft and greater trochanter, like a fracture. Postoperatively the patient reports complete resolution of pain and no difficulty with
perineal care (see Supplemental Video 2, Supplemental Digital Content 2, http://links.lww.com/TIO/A13, “migration stress” for details of
operation).
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femoral migration proximal to the acetabulum (Fig. 7 and
Supplemental Video 2, Supplemental Digital Content 2, http://
links.lww.com/TIO/A13, “Migration stress”). Median migra-
tion from initial to final postoperative films was 12.4 mm
(95% CI [7–19]). No patient required traction, and there was
no significant difference in migration between those placed in
abduction pillows, petrie casts, abduction braces, or spica
casts postoperatively (Table 2). These choices were made by
surgeon preference.

Length of stay, EBL, radiographic migration, and com-
plications for the TS-PFR were compared with Godfrey et al’s14

comparisons of Castle, McHale, and modified McHale proce-
dures (Table 3). Length of stay and EBL values for TS-PFRs
are within the range of those for the other 3 procedures that
previously found no statistical difference. There is a statistical
difference in migration between the groups with a P-value
<0.05.

Clinical results demonstrated improvement of pain at
follow-up for all patients, with no patients using narcotic pain
medicine at the 6-week follow-up visit. Because of the resection
and subsequent shortening of the femur, all patients regained
what would be considered functionally normal hip range of
motion. Eleven of 13 patients’ caretakers—representing 15 of
17 hips—were successfully reached by telephone survey at a
midterm point of a median of 13 months, and all stated
improvement in pain, sitting, and perineal care; furthermore, all
would recommend the procedure (Table 4). Ten caretakers—
representing 14 of 17 hips—successfully reached at a final
follow-up point of a median 3.3 years’ follow-up with some
overall decompensation from midterm results including 1
parent who would no longer recommend the procedure
(Table 4). This parent added a comment that their child was
sitting off to the side and thought having a total hip arthroplasty
would have prevented that. One patient who had been wheel-
chair-bound for many years regained her younger ability of
limited household ambulation after surgery (Supplemental

Video 3, Supplemental Digital Content 3, http://links.lww.com/
TIO/A14, “Ambulation after TS-PFR”). Compared with the
other procedures, the TS-PFR shows greater clinical improve-
ment in all categories surveyed (Table 5).

DISCUSSION

These results indicate that the TS-PFR, “Shen arthro-
plasty” predictably provides notable relief of what has typically
been incapacitating neuromuscular instigated hip pain. In turn,
the marked postresection decrease in hip pain allows for an
improved ease of care and function in activities of daily living.
The structured compartmentalization of the remnant femoral
shaft resolves the need for traction without leading to increased
migration. Maintaining gluteal and vastus attachments in ana-
tomic locations attached to the trochanteric fragment and peri-
osteal sleeve reduces muscle necrosis, an instigator of HO.39

Together, these improvements notably increased caretaker sat-
isfaction, as compared with other surgical options. Although
final questionnaire satisfaction remained markedly positive,
there was a relative decrease seen from initial midterm results.
This may represent the natural history of the overall disease
process.

Castle and Schneider6 first described the subtrochanteric
proximal femoral resection with soft tissue interposition in
1978, and several studies have followed with minor changes to
the soft tissue management. Despite these procedural alter-
ations, the proximal femoral resection requires traction and has
been complicated by persistent pain, proximal migration, and/or
HO.11–12,20–27 A modification made by Egermann placed a
bone cap on the femur, by using a portion of the osteotomized
femoral head, which allowed patients functional return to
standing transfers, but still necessitated postoperative traction.23

As an alternative, McHale proposed a proximal femoral valgus
osteotomy that redirects the femoral head away from, and the
lesser trochanter towards, the acetabulum. Recent modification

TABLE 2. Proximal Femur Migration

Abduction Pillow Petrie Cast Abduction Brace Spica Cast P (ANOVA)

Hips (n) 8 4 3 2
Migration [median (95% CI)] (mm) 11.5 (4.8-26.4) 6.5 (−5.4 to 23.9) 13.0 (−11.8 to 33.8) 8.0 (−42.8 to 58.8) 0.72
Migration (mean) (mm) 15.6 9.3 11.0 8.0
Overall mean migration 11.0

ANOVA indicates analysis of variance; CI, confidence interval.

TABLE 3. Surgical Comparisons

Trochanteric-sparing
Resection Castle McHale Modified McHale P

Hips (n) 17 6 8 16
Average length of stay (d)* 3.7 (1-10) 2.7 (2-4) 3.5 (2-7) 2.9 (1-5)
Average EBL (mL)* 165 (50-900) 244 (50-255) 244 (50-700) 115 (50-400)
Average femur migration

(mm)*
12.4 (1-38) 32 (10-44) 6 (0-13.5) 12.8 (0.5-46) 0.02 (1-way

ANOVA)
Return to OR (revision,

infection, hardware
removal) (%)

6.7 (1 revision) 33.3 (2 revisions) 25.0 (2 hardware
removal)

25.0 (1 revision, 3
hardware removal)

0.44 (χ2
independence)

*Data averages were reported as medians and 95% confidence intervals (CIs).
This group’s trochanteric-sparing proximal femoral resection (column 1) is compared with Godfrey et al’s cohort14 of patients undergoing the

traditional Castle, McHale, and modified McHale procedures.
ANOVA indicates analysis of variance; EBL, estimated blood loss; OR, operation room.
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of this procedure also is complicated by persistent pain, prox-
imal femoral migration, and HO.13–15,28–31 Few have attempted
arthroplasty for the GMFCS IV or V patients, which can
redislocate or loosen,15–18,32 or arthrodesis, which can be dif-
ficult to unite.18,19

In addition to problematic postoperative pain, proximal
femoral migration, and heterotopic bone formation (HO) var-
iably occurs. Their occurrence and effect on clinical outcome is
controversial, as past reports have been mixed.20,21,23,27 It is
important to note the anatomic location of bone formation

following proximal femoral resections: along remnant peri-
osteum versus within soft tissues. The 2 principle biological
tissues that could initiate postresection bone formation are the
periosteum and necrotic muscle. In this procedure, periosteal-
induced bone formation is permitted by not sacrificing the
periosteal sleeve of the resected proximal femur. Given that
periosteal bone growth is polarized, with bone forming toward
the bone’s cambium layer, and muscle forming outward away
from the fibrous layer, we anticipated new bone growth within
the confines of the retained periosteum, as it reacts to the
osteotomy sites in the same manner as a healing fracture would.
Undeniably, most patients developed new bone along the
remnant periosteum and often fused the greater trochanter
remnant to the femoral remnant, thus restoring the capacity of
the trochanteric muscles to mobilize the lower extremity
(Supplemental Video 2, Supplemental Digital Content 2, http://
links.lww.com/TIO/A13, “migration stress”; and Supplemental
Video 3, Supplemental Digital Content 3, http://links.lww.com/
TIO/A14, “ambulation after TS-PFR”). However, this new
bone is organized within the compartment that was made for it,
therefore also limiting it. We believe that occurrence of prob-
lematic HO and associated arthrodesis of the hip joint from
Brooker 3 and 4 HO primarily occurs in muscle and sur-
rounding tissues following their release from origin and inser-
tion. We speculated that maintaining insertions and origins of
the principle hip musculature would limit the development of
HO. Indeed, in this reported cohort, no HO led to difficulty in
positioning or diapering, and the one patient with Brooker class
3 HO reported 0 of 10 pain. Although some have advocated for
McCarthy et al’s11 HO classification rather than Brooker
et al’s,35 this procedure purposefully creates McCarthy’s stage

TABLE 4. TS-PFR Caretaker Survey, Midterm (Median, 13-mo Follow-up) and Final Follow-up Results (Median, 3.3-y Follow-up)

Pain Resolved?—
Completely.
Mostly,

Somewhat,
Minimally Sitting Tolerance? (h)

Diapering/Perineal care
Difficulty?—Very, Somewhat,

Little

Would you
Recommend to

Others?

Hip
Subject
#

Preoperative
Pain (1-10)

Postoperative
Pain (1-10) Midterm Final Preoperative Midterm Final Preoperative Midterm Final Midterm Final

1 10 0 Completely Completely 3 > 3 > 3 Somewhat Not
difficult

Somewhat Yes No

2 10 1 Completely Completely 2 > 3 > 3 Somewhat Not
difficult

Not
difficult

Yes Yes

3 8 0 Completely Mostly < 1 > 3 > 3 Very Little Not
difficult

Yes Yes

4 6 0 Completely Completely 1 > 6 > 3 Very Not
difficult

Not
difficult

Yes Yes

5 8 1 Completely Mostly 1 > 3 2 Very Not
difficult

Not
difficult

Yes Yes

6 9 2 Mostly Mostly < 1 1* 1-3 Very Not
difficult

Not
difficult

Yes Yes

7 10 0 Completely Mostly < 1 3 1-3 Very Not
difficult

Not
difficult

Yes Yes

8 9 0 Completely Completely < 1 > 6 > 3 Very Not
difficult

Not
difficult

Yes Yes

9† 10 3 Somewhat 0 0.5 Very Not
difficult

Yes

10† 10 2 Mostly 0 > 3 Very Not
difficult

Yes

11 9 1 Completely Fairly < 1 > 3 1 Not difficult Not
difficult

Not
difficult

Yes Yes

*Denotes patient whose contralateral hip is spastically subluxated and caretaker is awaiting the same procedure on that side. Caretaker noted on
the survey that further sitting tolerance is limited by the contralateral pain.

†Patient 9 lost to follow-up for final follow-up. Patient 10 reached but new foster parent, therefore unable to compare the condition before surgery
and after surgery.

TS-PFR indicates trochanteric-sparing proximal femoral resection.

TABLE 5. Caretaker Survey Comparison, Final Follow-up Used
for TS-PFR

%

Trochanteric-
sparing Resection

(n= 9)
Castle
(n= 4)

McHale
(n= 3)

Modified
McHale
(n= 6)

Pain
improved

100 100 33 83

Perineal care
improved

100 100 67 83

Sitting
tolerance
improved

100* 75 67 50

Recommend
this
procedure

89 75 33 67

*Moderate improvement in 2, as detailed above in Table 4.
TS-PFR indicates trochanteric-sparing proximal femoral resection.
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1 “mushroom cap” over the femur via the retained trochanter,
and therefore does not apply to this cohort.

Although this is a multicenter study, a weakness is using
comparison groups outside our institutions, which introduces
possible confounding variables. However, the survey questions,
radiographic measurements, and data recording were all per-
formed in an identical manner. Without raw data from the
comparison studies, though, we were unable to perform anal-
ysis of variance in some cases, and instead made logical
statistical inferences. In addition, there was no documented
reasoning behind the chosen immobilization technique for each
patient in our cohort. Without a statistically significant differ-
ence in femur migration between the different immobilization
methods, one may use clinical judgment for what the family
and patient might best tolerate.

Borrowing from technical advances used for surgical hip
dislocations, TS-PFR for arthritic spastic hip in children may
improve on prior salvage operations by precluding the need for
postoperative traction, decreasing HO, and leads to improved
patient outcomes for pain, positioning, perineal care, and
caretaker satisfaction. We have been very encouraged by our
results to date with at least a 2.5-year follow-up on all patients.
Following treatment with TS-PFR, marked relief of pain post-
operatively has been maintained at follow-up, and proximal
femoral migration and HO formation have been limited.
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