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ABSTRACT

Complex deformities of the hip requiring intra-articular and proximal femoral correction are challenging with regard to surgical access and com-
plication risk. Combined surgical dislocation and proximal femoral osteotomy (SD/PFO) is a surgical strategy that provides unrestricted access
to the joint with the capability for adjunctive PFO. Although providing excellent surgical access, concerns over a potentially high risk of post-
operative complications remain, and published information on the safety of this technique remain scarce. In this study, we defined the early
complication profile of combined surgery across 48 hips with a variety of complex deformities using a standardized, validated complication
grading scheme for hip preservation surgery. Patients were mean age 19.1 years 13-33 years and 60% had previous surgery. At the early mean
follow-up of 2.9 years, considerable improvement was seen across all outcome scores. Major complications (Grade III or higher) occurred at a
rate 0f 4.2% (n = 2). Both were osteotomy non-unions, and both were treated successfully with revision PFO and bone grafting at mean 1.1 years.
To our knowledge, the current series of combined SD-PFO surgeries represents the largest to date for which detailed complication data have been
reported. Given the complexity of these disorders, a major complication rate of 4.2% is acceptable. Our complication rates were comparable to
those reported for isolated SD and PFO procedures. These rates did not vary significantly across morphologic variants or patient-specific char-
acteristics. Additionally, our complication risk profile is consistent with previous, smaller reports, which supports the generalizability of these

results among appropriately experienced surgeons.

INTRODUCTION

Complex proximal femoral deformities represent some of the
most challenging in hip surgery to comprehensively address.
Often, these deformities are sequalae of both treated and
untreated developmental deformities and childhood-acquired
abnormalities of the hip—slipped capital femoral epiphysis
(SCFE), Legg—Calve-Perthes disease (Perthes) and develop-
mental dysplasia of the hip (DDH) [1-4]. Regardless of etiol-
ogy and primary treatment, a persistence of abnormal proximal
femoral morphology can create an environment of multifo-
cal, often severe femoroacetabular impingement (FAI). Fea-
tures contributing to extra-articular impingement in particular
make comprehensive surgical correction in these patients dif-
ficult with traditionally less-invasive FAI surgical interventions
[5-8].

Open surgical dislocation (SD) has remained a gold standard
approach in comprehensive treatment of complex FAI variants
and a preferred option for addressing symptomatic impingement
less amenable to arthroscopic correction (severe, multifocal and
extra-articular) [9-11]. SD permits direct visualization of artic-
ular pathology and dynamic assessment of femoroacetabular

contact, allowing for more precise diagnosis and comprehensive
correction of the underlying deformity. Open SD addition-
ally permits correction of extra-articular impingement con-
firmed with dynamic examination, through techniques such as
trochanteric osteoplasty, relative femoral neck lengthening and
trochanteric advancement [ 12].

In the presence of severe proximal femoral deformity, ade-
quate relief of impingement may additionally require modi-
fication to alignment and rotation through proximal femoral
osteotomy (PFO) [13, 14]. Although historically two distinct
procedures, combined SD-PFO surgery is possible and has seen
more frequent use [10, 15-17]. Benefits of combined surgery
include not only enhanced access to the proximal femoral defor-
mity, but also the ability to intraoperatively assess both the need
for PFO and the corrective aims of the osteotomy, all under
guidance of dynamic exam.

Despite these advantages, detailed reports on the safety of
this practice remain scarce. While complication rates have been
low for both isolated SD [9, 18] and PFO [19, 20], each
procedure comes with non-trivial complication risks that may
be unsafely compounded in a combined procedure. Avascular
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necrosis (AVN)—especially in the setting of combined SD, PFO
and greater trochanteric osteotomy—is a particular concern.
The purpose of this study was to define the early complication
profile of SD-PFO surgery performed for comprehensive treat-
ment of complex proximal femoral deformities. A standardized
complication grading scheme, validated and previously utilized
in hip preservation surgery, was used for this purpose [18,21].

MATERIALS AND METHODS

A prospective institutional hip preservation repository was
reviewed for all patients of a single surgeon (JCC) who under-
went SD with combined PFO between 2005 and 2020. Indi-
cations for combined surgery were as follows: (i) symptomatic
patient <40 years of age with non-operative treatment failure,
(ii) presence of complex structural deformity (FAI and/or insta-
bility) not amenable to arthroscopic correction and (jii) absence
of advanced secondary osteoarthritis (Tonnis Grade <III). Fifty-
eight hips (57 patients) were identified, of which 48 (83%) had
minimum 1-year follow-up for study inclusion (mean 2.9 years
[1-9]).

At time of surgery, the 48 included hips (47 patients) were
mean age 19.1 & 5.0 years 13-33 years, body mass index (BMI)
23.9 £ 4.7 [15-37] and 50% female. Etiologies of the residual
deformities seen across this cohort were diverse and included
SCFE (19 hips, 40%), Perthes (10, 21%) and DDH (7, 15%).
Complex FAI without recognized developmental hip diagnosis
was present in 11 (23%) hips. Post-traumatic AVN without prior
developmental diagnosis was the indication for surgeryin 1 (2%)
hip [TableI].

Prior ipsilateral hip surgery was noted in 29/48 (60%) of
the studied hips. Thirteen residual SCFE hips (13/19, 68%)
had prior in situ pinning. Six residual Perthes hips (6/10, 60%)
had either prior PFO (3), pelvic osteotomy (1), shelf proce-
dure (1) or SD with femoral osteochondroplasty (OCP) (1).
Three residual DDH hips (4/7, 57%) had either combined pelvic
osteotomy and PFO (1), combined SD PFO (1) or arthroscopy
(2). Five hips with complex FAI without recognized develop-
mental diagnosis (5/11,45%) underwent either arthroscopy (4)
or pelvic osteotomy (1). The one hip with post-traumatic AVN
had previously underwent ORIF for intertrochanteric fracture
[Table I].

All patients were indicated for combined SD-PFO surgery
as a means of comprehensive deformity correction. Surgical
hip dislocation was performed first, as described by Ganz et al.
[9], and attention turned to the intra-articular morphology.
The proximal femur, femoral head, acetabulum and rim struc-
tures were assessed for damage of the labrum and articular car-
tilage. Labral refixation or repair was performed in 23 (48%)
cases. Less common procedures included acetabular rim osteo-
plasty (9, 19%) or chondroplasty (4, 8%) and microfracture
of the femoral head (2,4%) or acetabulum (1, 2%). Femoral
head-neck OCP was performed in all cases and guided by
intra-operative dynamic assessment of impingement. In many
cases, trochanteric advancement (24 hips, 50%)/relative femoral
neck lengthening (17, 35%) was additionally performed. In all
included cases, the intraoperative decision was made to proceed
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with intertrochanteric PFO. A no-wedge technique with blade
plate fixation was used, with correction dictated by the angles of
the plate and its insertion [22]. Care was taken to maintain prox-
imal femoral alignment in anticipation of future hip arthroplasty
(23] [Fig. 1].

Six patients (13%) with radiographic evidence of acetabular
dysplasia and dynamic instability on intra-operative range-of-
motion testing meeting appropriate additional indications (good
to excellent joint congruity on intraoperative functional radio-
graphs, hip flexion of at least 90° and abduction of at least 20°)
additionally underwent concomitant periacetabular osteotomy
(PAO). Instability was defined as femoral head dislocation or
subluxation with passive functional intra-operative range-of-
motion testing (in any one of three positions: 10° extension/15°
external rotation; 45° flexion/20° adduction/30° internal rota-
tion; 90 flexion/neutral) [24].

Mean operative time across all cases was 260 £ 74 min and
mean estimated blood loss 563 = 370 ml.

Retrospective chart review was conducted for each patient
to latest follow-up, and all complications noted. Complica-
tion was defined as any event causing deviation from expected
post-operative course. This extended to radiographic follow-up,
which was reviewed for timely osteotomy union and evidence
of any post-operative osteonecrosis. When present, heterotopic
ossification on most recent anteroposterior standing films was
assigned a Brooker Grade [25] and recorded.

Complications were graded in the way proposed by Clavien
and Dindo [26], using a modified grading scheme whereby
Grades I-V were assigned based upon the required interven-
tion and impact on long-term function and health. This scheme
has been validated in hip preservation surgery and used previ-
ously to study complications of open preservation procedures
[18,27-29]. Grades were assigned as follows:

Grade I: Complication without deviation from routine recov-
ery requiring no intervention

Grade II: Complication with deviation from routine recov-
ery requiring pharmacologic treatment or close outpatient
monitoring

Grade ITI: Complication with deviation from routine recovery
requiring surgical intervention

Grade IV: Complication that cannot be treated with potential
for permanent disability

Grade V: Death

Expectable sequelae of the combined surgery were not
included for grading by this scheme. Examples include lateral
femoral cutaneous nerve sensory deficit (without dysesthesia),
minor heterotopic ossification (Brooker Grade II or less), elec-
tive hardware removal or conversion to THA with no acute indi-
cation other than natural progression of joint degeneration or
continued unsatisfactory function.

Chi-square univariate analysis was conducted to explore rela-
tionships between categorical patient characteristics and rates of
complication (major [Grade I1I or higher], minor [Grades I-1I]
and overall [Grade I or higher]). For continuous patient charac-
teristics, logistic regression was used similarly. In both cases, a
P-value <0.05 was considered significant.

As the decision to pursue all hip preservation procedures
involves a weighing of both risks and benefits, we additionally
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Fig. 1. Preoperative, postoperative and post-hardware removal anteroposterior (AP) radiographs of a 26-year-old male with complex
femoroacetabular impingement and mild acetabular dysplasia. The clinical diagnosis was femoroacetabular impingement and major femoral
retroversion (9° true retroversion). We treated the rotational deformity and complex impingement with surgical dislocation, proximal femoral
derotational osteotomy, femoral head—neck osteoplasty and labral repair. Mosaicplasty was additionally performed to repair an associated
full-thickness osteochondral lesion of the femoral head. Hardware was removed at 12 months, with an excellent clinical result at latest follow-up

(24 months [mHHS 93]).
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Fig. 2. Preoperative, postoperative, 18-month and 30-month follow-up anteroposterior (AP) radiographs of a 23-year-old male with a BMI of
3S. He had prior treatment with in situ pinning for slipped capital femoral epiphysis. We treated the major, residual rotational deformity and
impingement with surgical dislocation, proximal femoral osteotomy, trochanteric osteoplasty, femoral head—neck osteoplasty and labral repair.
He was noncompliant with postoperative weight-bearing recommendations and developed a femoral nonunion. He underwent revision PFO
with bone grafting at 18 months with subsequent healing and clinical improvement.

gathered patient reports of post-operative function and sat-
isfaction with combined surgery for inclusion in this study
(modified Harris Hip Score (mHHS), UCLA Activity Score
(UCLA), Short Form Health Survey (SF-12), Hip Disability and
Osteoarthritis Outcome Score (HOOS), Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)). In
patients with reoperation, post-operative scores used were those
gathered prior to reoperation. Pre- and postoperative scores were
compared with Student’s t-tests.

RESULTS

Major complications (Grade III or higher) occurred at a rate of
4.2% across the overall cohort, and minor complications (Grades
I-1I) at a rate of 10.4%. The two major complications were both
non-unions of the femoral osteotomy (Grade I1I) treated with
revision PFO and bone graftingat 0.62 and 1.7 years. Both healed
with revision PFO. [Fig. 2] There were no Grade IV or Grade V
complications. [ Table I].

The five minor complications included three Grade I com-
plications (did not require intervention or monitoring) and
two Grade II complications (required monitoring/non-surgical
intervention). Grade I complications included one small area
of AVN of the central femoral head, which had yet to require

intervention at last follow-up (1.5 years postop), one instance of
Brooker III heterotopic ossification (HO) and one instance of
Brooker IV HO. The two Grade II complications were delayed
temoral unions both treated successfully with a bone stimulator
(one at 0.27 years and one at 0.65 years). Both were radiograph-
ically united by 1-year follow-up and neither required further
intervention.

By deformity etiology group, there were no complications of
any grade among residual Perthes hips (10 hips, 21% of overall
cohort), residual DDH hips (7, 15%) or the post-traumatic AVN
hip (1,2%).

Five of the study’s seven complications occurred in the resid-
ual SCFE group (19 hips, 40% of overall cohort), for an overall
group complication rate of 26.3% (major: 5.3%, minor: 21%).
This study’s single instance of AVN (Grade I) occurred in a
patient without any prior surgery. One delayed union treated
with bone stimulation (Grade IT) occurred in a patient with prior
in situ pinning, and one non-union requiring revision PFO and
bone grafting (Grade III) occurred in a patient with prior in situ
pinning. Grade III HO (Grade I complication) was observed in
one patient without prior pinning and Grade IV HO (Grade I)
in one patient with prior pinning,

The remaining two complications both occurred in the com-
plex FAI without prior developmental diagnosis group (11 hips,
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Table II. Patient-reported outcomes

Outcome scores
Preoperative Postoperative
n Mean +SD Delta Mean +SD n P
mHHS 46 58.3 +20 +20 78.7 +24 45 <0.005
UCLA 42 59 +3 +1.4 7.3 +3 42 0.072
HOOS
Pain 41 62.6 +22 +18 80.9 +28 38 <0.05
Symptom 42 54.3 +23 +22 76.1 +26 37 <0.05
ADL 42 70.0 +23 +17 87.0 +27 37 <0.08
Sports 41 42.8 +25 +28 71.2 +32 38 <0.005
QOL 41 34.9 +26 +32 66.9 +32 37 <0.005
WOMAC
Pain 41 67.8 +23 +16 84.2 +27 39 <0.05
Stiffness 42 574 +26 +19 76.3 +30 38 <0.05
Function 42 70.0 +23 +17 87.3 +27 38 <0.05
SE-12
Physical 41 37.6 +11 +11 48.2 +13 38 <0.005
Mental 41 50.6 +12 +5 55.1 +10 38 0.153
Satisfaction (n reporting) 25
Extremely satisfied 13 52%
Very satisfied S 20%
Somewhat satisfied 3 12%
Satisfied 2 8%
Somewhat unsatisfied 1 4%
Extremely unsatisfied 1 4%

23% of overall cohort), for an overall group complication rate
of 18.2% (major: 9.1%, minor: 9.1%). There was one delayed
union treated successfully with bone stimulation (Grade II) in
a patient without any prior surgery, and one non-union requir-
ing revision PFO and grafting (Grade I1I) in a patient with only
prior hip scope.

At most recent follow-up, 92% of reporting patients (23/25)
were satisfied with the outcome of their surgery (52% extremely
satisfied, 20% very satisfied, 8% satisfied and 12% somewhat sat-
isfied), with 8% (2/25) unsatisfied. Significant improvement was
seen across all collected patient-reported outcome measures and
comprising sub-scores (P < 0.05) with the exception of UCLA
(P =0.07) and SF-12 mental scores (P = 0.15). [ Table II] Clin-
ical success defined as mHHS >70 or >15 mHHS improvement
from baseline at last follow-up without revision surgery or THA
conversion was achieved in 78% of patients at mean follow-up
2.9 years.

Although not considered complications for the purposes of
this study, it is worth noting that four patients with relatively
advanced radiographic OA at the time of index surgery (100%
with Tonnis OA grade >1, 75% with Tonnis OA grade >2)
underwent conversion to THA (at 0.8, 1.0, 1.4 and 5.2 years).
Other than these four performed for progressed OA, there were
no additional THAs.

DISCUSSION

The complication profiles of both surgical hip dislocation
and PFO as isolated procedures are well-documented. In first

describing the SD procedure, Ganz et al. reported a major
(Grade III or higher) complication rate of 1.4% (3 complica-
tions) across 213 hips at minimum 2-year follow-up. All were
Grade III complications (three [1.4%] failures of trochanteric
fixation requiring reoperation). Minor (Grade II or lower) com-
plications (1.8%) included two (0.9%) sciatic neuropraxias and
two (0.9%) cases of Brooker Grade III heterotopic ossification
(77 cases Brooker Grades I-II). There were no instances of AVN
or infection [9].

In a multi-center cohort of 334 hips that underwent surgical
hip dislocation, Sink et al. reported a major complication rate of
3.0% (10 complications). These included nine Grade III com-
plications (six [ 1.8%] trochanteric non-unions, two [0.6% ] deep
vein thromboses and one [0.3%] deep infection) and one Grade
IV complication (one [0.3%] sciatic sensory and motor sciatic
nerve paralysis immediately following surgery). Minor compli-
cations (1.8%) included two (0.6%) superficial infections, one
(0.3%) transient sciatic neurapraxia, two (0.6%) trochanteric
delayed unions and one (0.3%) trochanteric fracture sustained in
a fall. Similar to the cohort of Ganz et al., there were no instances
of AVN [18].

The complications associated with PFO have also been well-
defined. Across a cohort of 51 hips treated with intertrochanteric
osteotomy (ITO) without osteoplasty for SCFE at 24-year
mean follow-up, Schai et al. reported a major complication
rate of 7.8% (4 complications). All were Grade III complica-
tions (two [3.9%] instances of incorrect implant positioning
requiring revision osteosynthesis of the ITO, and two [3.9%]
cases of osteomyelitis that resolved following hardware removal).
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Table III. Studies known to the authors to previously have examined complications with combined surgical dislocation/proximal

femoral osteotomy—compared to findings of the current study

Studies reporting complications with combined SD-PFO surgery

Mean
Sollow-up
Patients (years) n (hips) Procedure AVN Other complications
Rebello Mixed 3.4 15 ITO + OCP
. o 1(4.3%)
Erickson SCFE S.1 19 ITO + OCP 0 1 (5.3%) nonunion of osteotomy site,
1 (5.3%) instrumentation failure

Baraka SCFE 3.8 23 ITO + OCP 0 1 (4.3%) instrumentation failure
Present Study Mixed 2.9 48 ITO + OCP 1(2.1%) 2 (4.2%) non-union, 2 (4.2%) delayed union

Reported minor complications included one (1.9%) instance of
partial femoral head osteonecrosis [19]. In 39 hips treated with
ITO without osteoplasty for SCFE at 23.4-year mean follow-up,
Kartenbender et al. reported two (5.1%) instances of femoral
head osteonecrosis, one (2.6%) of which required conversion to
total hip arthroplasty [20].

To date, however, detailed reports of complications follow-
ing combined surgery remain limited. In a mixed cohort of
patients (SCFE, Perthes, osteonecrosis and DDH) undergo-
ing SD for treatment of complex deformities. Rebello et al.
reported on a 23-hip subgroup that underwent concomitant ITO
(1S with head-neck OCP, 8 without) at 3.4-year mean follow-
up. The only reported complication was one (4.3%) minor com-
plication (mild anterior segmental osteonecrosis managed non-
operatively). There were no other complications reported in this
group. Of note in a different study subgroup with PFOs instead
performed at the level of the femoral neck (all without OCP) was
an osteonecrosis rate of 60% (3/5) [10].

Among a cohort of 19 SCFE hips that underwent combined
SD-ITO (all with head—neck OCP) at 5.1-year mean follow-
up, Erickson et al. reported a major complication rate of 10.6%
(2 complications). Both were Grade III complications (one
[5.3%] non-union of the ITO and one [5.3%] instrumentation
failure within two post-operative weeks that required revision
surgery). There were no instances of post-operative osteonecro-
sis or chondrolysis at 5.1-year mean follow-up, and no other
complications were reported [17].

Similarly, there were no instances of osteonecrosis among 23
SCFE hips that underwent combined SD-ITO (all with head-
neck OCP) in a report by Baraka et al. at mean follow-up
3.8 years. The only reported complication was one (4.3%) major
(Grade III) complication (loss of fixation and instrumentation
failure at 2 post-operative weeks) [16].

To the knowledge of the authors, the current series of com-
bined SD-PFO surgeries represents the largest reported to date
for which detailed complication data have been made avail-
able. Rates of the more serious complications typically associ-
ated with SD or PFO surgery were found to be no higher with
combined surgery. Most pertinently, this was true of the stud-
ied cohort’s 2.1% AVN rate (literature range 0-5.1% following
isolated SD/PFO) and 4.2% non-union rate (0-5.3%). These
rates also appear consistent with those across previous reports
of combined surgery (AVN 0-4.3% and non-union 0-5.3%)
[Table IIT].

The current study’s 4.2% major (Grade III or higher) compli-
cation rate was within the 4.0-10.8% summed literature major
complication rate ranges for isolated SD (1.4-3.0%) and iso-
lated PFO (2.6-7.8%). This rate was also consistent with the
major complication rates reported across the few studies to previ-
ously have examined outcomes of combined surgery (0-10.6%)
[Table I1I] Together, these observations support an acceptabil-
ity of the complication profile associated with combined surgery
and suggest that similarly low rates can be achieved across appro-
priately experienced surgeons.

No significant associations were apparent between complica-
tion incidence and any of the examined patient characteristics—
including age, sex, BMI and pre-arthritic hip diagnosis. This was
true for both major (Grade I1I or higher) and minor (Grades I~
1I) complications, as well as for Grade-I-only, Grade II-IV and
Grade I-IV complications. [ Table IV] There was a trend toward
significance in the relationship between pre-arthritic diagnosis
of residual SCFE and occurrence of minor (Grades I-1I) com-
plications (P = 0.051), which was reflected in the trend for any
(Grades I-IV) complication (P =0.062). This trend was not
observed with respect to major (Grade III or higher) complica-
tions (P = 0.76).

There are several limitations to the current study. Among the
studies from which literature rate ranges were derived, only one
rigorously reported complications through a well-defined grad-
ing scheme (isolated SD). Exhaustive complication data were
not available across prior studies of isolated PFO or combined
SD-PFO surgery outcomes, and these studies’ reporting stan-
dards for less serious complications (Grade I+ II) appeared to
vary. Because of this—and because of their greater immediate
clinical relevance—major (Grade III or higher) complications
were the primary focus of this study.

However, reliance on major complication rate as the primary
comparative outcome measure may impact the degree to which
the comparisons made in this study capture or reflect clinical
course differences more apparent in the longer term. While there
were only two instances of Brooker III or greater HO in the
study cohort, Brooker I-II HO was observed in 18 (37.5%)
patients (16 Grade I and 2 Grade II) in whom no HO had been
apparent preoperatively. This contrasts with the 5.4% (18/334)
following isolated SD reported by Sink et al. The significance of
this to longer-term clinical course differences (HO progression,
effect on survival and revision FAI/conversion THA outcomes)
is unclear. This may similarly apply to AVN—the only instance
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