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Abstract

Management of periacetabular lesions
involves complex clinical decision making.
The modified Harrington procedure with
total hip arthroplasty can recreate pelvic
stability with a cement rebar construct as
well as a functional hip. This study analyzes
the modified Harrington procedure to assess
construct longevity and patient outcomes.
We queried a prospectively maintained
database to identify all patients at a large
academic medical center from 2017 to 2019
with periacetabular metastatic disease treat-
ed with a modified Harrington. Medical
records were reviewed and complications,
patient outcomes, Musculoskeletal Society
Tumor (MSTS) scores, and implant survival
were recorded. A total of nine patients were
treated with the modified Harrington
between 2017 and 2019. At maximum fol-
low-up there were zero revisions or long-
term complications. The mean preoperative
MSTS score was 2.2 (range, 0-18), com-
pared to the mean postoperative MSTS
score of 17.7 (range, 9-25) recorded at a
mean 4 (range, 1-30) months following sur-
gery (p<0.001). The modified Harrington
technique total hip technique for recon-
struction in periacetabular metastatic bone
disease is a safe procedure with effective
symptom relief, improvement in function,
and excellent implant survivorship.

Introduction

The pelvis is one of the most common
bony locations of metastatic cancer.! Within
the periacetabular region, metastases cause
significant pain and functional impairment,
often in patients who have a poor prognosis.
First-line therapy for periacetabular metas-
tases includes chemotherapy and/or radio-
therapy with analgesics, often with inter-
ventional radiology procedures.? However,
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operative intervention is indicated for some
patients with significant structural defects,
and those who exhibit functional impair-
ment and are reasonable operative candi-
dates. The decision to operate is complex
and often nuanced. Typically, periacetabular
reconstruction in this setting is a palliative
procedure. Furthermore, these procedures
afford a greater quality of end-of-life by
increasing mobility and function than that
achieved by conservative measures alone.*
® However, due to the extensive loss of the
bone of the acetabulum, these reconstruc-
tions are technically demanding and fraught
high rates of complication.

There exist a variety of methods for
periacetabular reconstruction in advanced
metastasis. These defects are classified
according to Kevin Harrington, who in
1981 first described a technique for recon-
struction in severe acetabular compromise
using a rebar built with acrylic cement and
Steinmann pins.'? Since then, periacetabular
reconstruction has advanced to intralesional
curettage followed by saddle prostheses,
allograft or allograft prosthetic composites,
pasteurized autografts, porous implants, or
custom-made prosthetic components.!!-1¢
Small to medium-sized case series have
described the outcomes of periacetabular
reconstruction using a combination of these
techniques. Additionally, more recent con-
structs such as trabecular metal augments
and three-dimensional [e.g. three-dimen-
sional (3D)] designs have demonstrated
high rates of long-term survival.'” However,
there is little consensus on which technique
demonstrates the highest rate of implant
survival and superior patient functioning
while achieving the lowest rates of compli-
cation and cost.

Purpose

In this study we assessed the surgical,
functional, and oncologic outcomes of
patients who underwent a modified
Harrington procedure for reconstruction of
the periacetabular region in the setting of
advanced metastasis. We sought to: i) deter-
mine the improvement in function and qual-
ity of life after the procedure; ii) character-
ize the complication profile surrounding the
modified Harrington technique; and iii)
assess implant and overall patient survival.

Materials and Methods

Patient selection

Following Institutional Review Board
approval, consecutive patient records from
a prospectively maintained surgical data-
base were reviewed retrospectively. Nine
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patients, all with periacetabular lesions,
underwent the modified Harrington proce-
dure within a single, high volume tertiary
academic medical center. The inclusion cri-
teria used to identify patients were greater
than 18 years of age, and with diagnostic
confirmation of metastatic periacetabular
disease, including myeloma and lymphoma.
Only patients who underwent surgical treat-
ment between 2017 and 2019 using the
modified Harrington approach were includ-
ed. Patients were excluded from subsequent
analyses if there was no mention of a mod-
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ified Harrington approach used. Thus, the
decision to reconstruct was patient-specific
and varied by case, with no predefined
operative criterion. Metastatic lesions were
classified according to Harrington: Class I
lesions (acetabular lateral cortices and supe-
rior/medial walls intact); Class II (medial
wall deficiency); Class III (Figure 1); and
Class IV (widespread loss of integrity to the
iliac wing).!® Each patient underwent a thor-
ough musculoskeletal workup including a
complete physical examination and identifi-
cation of the primary tumor when possible,
with necessary biopsy and imaging prior to
surgery.

Surgical procedure

All procedures were carried out by a
fellowship trained orthopedic oncologist. A
similar approach was utilized for all
patients independent of lesion class.
Patients were placed in a lateral position
and given general or spinal anesthetic. A
standard posterior approach to the hip was
performed. Short external rotators were dis-
sected, and a capsulotomy was performed
after which the hip was dislocated. An
osteotomy was made in the femoral neck
and then deep acetabular retractors were
placed to visualize the metastatic defect.
The acetabulum was then reamed.
Following identification and curettage of
the lesion, the defect was copiously irrigat-

ed with hydrogen peroxide followed by a
saline solution and treated with our plasma
scalpel. For each case, fully threaded 6.5
mm acetabular bone screws (Zimmer
Orthopedics, Warsaw, IN, USA) were
inserted retrograde through the defect into
the ilium, ischium, and superior pubic rami.
The depth, direction and number of screws
placed were dependent upon the lesion class
and extent of bony destruction. The screws
acted as a scaffold or rebar into which
cement was then placed (Figure 2).

Bone Cement (Zimmer Orthopedics,
Warsaw, IN, USA) was interdigitated
among the screws and curettaged portion of
the acetabulum to create the rebar construct.
After an adequate screw-rebar construct
was obtained, a fully cemented acetabular
cup was placed in the acetabulum in appro-
priate abduction and version. Femoral com-
ponents could either be cemented or press
fit, depending on the quality of bone, age of
the patient, and disease status. All patients
were allowed to bear full weight in the
immediate post-operative period, and two
patients received adjuvant radiation therapy.
Follow-up varied by case.

Functional and surgical outcomes
Preoperative and postoperative out-
come scores were documented retrospec-
tively to assess the functional outcome of
each patient using the Musculoskeletal
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Tumor Society [e.g. Musculoskeletal
Tumor Society (MSTS)] score. The MSTS
is a Likert-type scale that assesses areas
such as pain, function, emotional state, abil-
ity to walk, and gait in patients with
metastatic disease of the lower extremity.
Due to the small sample size, there was no
follow-up threshold (months) before which
MSTS scores were omitted. Second,
implant survival was recorded and assessed,
and revision was recorded if applicable.
Revision was defined as surgical interven-
tion for a failed implant in an effort to either
restore or remove the implant. Major,
minor, and mechanical complications were
recorded for each patient, and included peri-
operative (short-term) and mid to long-term
complications when applicable.

Statistics

Continuous and categorial variables of
interest were analyzed using descriptive sta-
tistics and reported as the mean [standard
deviation (SD)] or mean (95% confidence
interval, CI) when applicable. Implant and
patient survival were assessed using meth-
ods proposed by Kaplan and Meier.!®
Implant survival was calculated from the
date of surgery to the last recorded date of
follow-up in the medical record, if no revi-
sion had occurred. Overall survival was cal-
culated from the date of surgery to the last
recorded follow-up in the medical record if

Figure 1. Antero-posterior radio?aph of the left hip and pelvis

ar metastases with medial wall
insufficiency. This patient had metastatic lung adenocarcinoma to
the acetabulum (Class III) and underwent a modified Harrington
procedure for periacetabular reconstruction.

demonstrating posterior acetabul

Figure 2. Post-operative radiograph of a patient with metastatic dis-
ease demonstrating the modified Harrington technique. In this
patient, three acetabular screws were driven retrograde through the
acetabular roof, after which cement was interdigitated to create a

rebar for medial and posterior acetabular wall reconstruction.
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no documentation of death was available.
Mean preoperative MSTS scores (all-
group) were compared against postopera-
tive MSTS scores using a comparison of
means (t test), and the changes are repre-
sented as percent improvements over time.
A p<0.05 was considered statistically sig-
nificant, and all analyses were performed on
SPSS version 26.0 (IBM Corp., Armonk,
NY, USA).

Results

Patient and disease characteristics

Patient demographics are summarized
in Table 1.

Nine patients between 2017 and 2019
met the inclusion criteria. The mean age at
surgery was 59.7 years (range, 40-81 years),
and there was female predominance (78%).
The most common diagnosis was metastatic
breast carcinoma (3 cases, 67%), followed
by 1 case each of multiple myeloma, adeno-
carcinoma of lung, metastatic soft tissue
sarcoma of the pelvis, renal cell carcinoma,
adenocarcinoma of the colon, and endome-
trial carcinoma. One lesion (11%; multiple
myeloma) was Class I, 2 (22%; breast and
renal cell) were Class 11, and the remaining
6 (67%; 2 = breast; 1 = endometrial, spindle
cell, lung, colon) were Class III according
to the aforementioned Harrington classifi-
cation system. One patient (multiple myelo-
ma) was treated concomitantly for a patho-
logic femoral neck fracture that occurred
prior to surgery. Six (67%; 2 = breast; 1=
lung, spindle, renal cell, multiple myeloma)
of the 9 patients received neoadjuvant
radiotherapy while 5 (56%) received neoad-
juvant chemotherapy (2 = breast, 1 = multi-
ple myeloma, lung, spindle cell). Two
(22%; lung, renal cell) received adjuvant
radiation while 6 (67%; 2 = breast; 1= lung,
spindle, renal cell, multiple myeloma)
received adjuvant chemotherapy. The mor-
tality rate was 33% (3 cases) at a mean
(range) of 5.3 (3-10) months, and the mean
(range) follow-up for all patients was 9 (1-
40) months.

Surgical characteristics and implant
survival

Surgical characteristics and implant-
related events are summarized in Table 2.

The mean (SD) duration of surgery
(minutes) was 153.7 (25.1), and the mean
(SD) intraoperative blood loss (mL) was
503.5 (577.7). One patient (metastatic
breast carcinoma) experienced an intraoper-
ative calcar split of the femoral neck which
was repaired with cerclage wires. The mean
(SD) size (cm) of tissue/bone removed at
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Table 1. Demographics.

Eligible cases

Sex
Female
Male

7
2

press

N

Mean/median follow-up (months) (range)
Mean age at surgery (years) (range)

9.1 (143)

61.1 (40-81)

Age
>60
<60

Radiotherapy
Preoperative
Postoperative
Pre- and Postoperative
None
Data unavailable

o~ o

_—DO DO 1

Chemotherapy
Preoperative
Postoperative
Pre- and Postoperative
None
Data unavailable

Primary malignant tumor
Breast
Renal
Myeloma
Endometrial
Colon
Lung
Spindle Cell Sarcoma

e 2 B

— e — CRD

Last status
Dead due to cancer
Dead due to other/unknown cause
Alive

=)

Table 2. Surgical characteristics.

Operation
Primary only
Revision
Mean lesion size (cm) (range)

8
1

391 (08-7)

Harrington’s classification
Class I
Class I1
Class III
Class IV

Mean operation blood loss (mL) (range)

(= TR

661 (200-2200)

Mean operation time (minutes) (range)
Mean duration of hospital stays (days) (range)

157 (116-191
5.2 (3-10)

)

Type of prosthesis
Uncemented regular
Cemented longstem
Cemented regular
Revision — Original prosthesis left in place

Head size (mm)
28
32
36

—_— o

L
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largest dimension was 5.4 (0.8) and sur-
rounding soft tissue invasion was observed
in 2 (22%; lung, colon) cases. The mean
amount of blood products (packed red cells)
received throughout the entire hospital stay
was two (range, 0-5), and the mean length
of hospital stay was 4.8 days (range, 3-10
days). Zero (0%) patients developed minor
or major post-operative complications
including wound complication,
seroma/hematoma formation, or surgical
site infection. Zero patients underwent revi-
sion surgery by maximum recorded follow-
up. The implant survivorship was 100% at a
mean of 5.9 months (range, 1-43 months)
follow-up.

Functional outcomes

Functional outcomes are summarized in
Table 3.

The mean (range) preoperative
Musculoskeletal Society Tumor (MSTS)
score was 2.2 (0-18), compared to the
mean (range) postoperative MSTS score of
17.7 (9-25) recorded at a mean (range) 4
(1-30) months following surgery based on
available follow-up data (p<0.001).
Overall, there was an 88% improvement in
scores from the preoperative to postopera-
tive period.

Discussion

Our institution has demonstrated con-
sistently high rates of improved patient
function in the acute postoperative setting,
as well as implant durability. Though a
small sample size with limited follow-up,

Table 3. Functional outcome scores.

the results are promising. The use of clini-
cally reported (MSTS scores) and patient-
reported outcomes before and following
periacetabular reconstruction is well-
described. In literature reporting the out-
comes of the modified Harrington tech-
nique, disability has been measured by a
variety of instruments, and each shows con-
sistent improvement from the preoperative
to postoperative period.>>!*2!  Similar
improvements in pain and disability have
also been observed in studies of other tech-
niques for periacetabular reconstruc-
tion.!32223 Typically, patients with metastat-
ic disease to the acetabulum have signifi-
cant (subjective and objective) impairment
before surgery, often with intense, localized
pain and other physiologic complications
depending on the disease burden.
Furthermore, these patients may present
with concomitant pathologic fracture as one
of our patients did, rendering them immo-
bile and subject to a much poorer quality of
life. In this study, each of the patients who
underwent surgery had a significantly
impaired quality of life beforehand, as evi-
denced by low mean preoperative MSTS
scores. The improvement in the scores in
the post-operative period suggests a strong
functional benefit of this procedure, and the
percent improvement seen in this study
aligns with those of the literature.
Facilitating independent ambulation and
decreasing pain by way of surgery is war-
ranted in select patients, particularly in
those with disease refractory to chemother-
apy, radiation, interventional radiology
techniques, and particularly those with frac-
ture or larger impending lesions. Thus, we

believe the modified Harrington technique,
when selected for in specific patients, per-
mits excellent short-term functional
improvement.

There are relatively few patient series in
the literature that document the treatment
planning, operative reconstruction, and
functional or implant-related outcomes of
the modified Harrington in the modern era.
In 2000, Nilsson et al. described the out-
comes of 32 patients treated with threaded
pins and a cemented total hip construct with
a mean survival of 11 months.?* They sug-
gest the technique offers a durable, safe
solution to patients with advanced periac-
etabular destruction from metastatic tumor.
Then in 2007, Wangsaturaka et al. demon-
strated improved function in 14 patients
treated with a modified Harrington, though
two patients in this study developed hip dis-
location and acetabular loosening requiring
closed reduction.?” In an attempt to address
these complications, various groups have
explored constructs such as a three-pin
Harrington procedure (cannulated screw
placement anterograde through the iliac to
acetabular roof), a Burch-Schneider cage
for reconstruction, percutaneous acetabulo-
plasty, and recently, porous tantalum aug-
ments and other prosthetic implants, some
of which are designed with 3D-print-
ing.”15192226 These constructs likely offer
marginally increased stability compared to
the modified Harrington, though there are
no prospective trials comparing the modi-
fied Harrington to these other, often more
expensive techniques.

While most periacetabular reconstruc-
tions afford adequate functional improve-

Eligible cases 9 3.89 18.78 <0.01
Sex

Female 7 3.57 20.57 <0.01

Male 2 5 12.5 0.13
Age

>60 5 14 194 <0.01

<60 4 4.25 18 0.05
Metastatic load

Solitary bone 1 0 23 N/A

Multiple bones 3 8.33 23.67 0.13

Bone and other 5 2 15 0.03
Harrington classification

Class [ 1 0 23 NA

Class II 2 14 20.5 0.58

Class 111 6 117 175 <0.01
Alive at 3 months

No 3 3.33 11.67 <0.01

Yes 6 417 22.33 0.21

MSTS, Musculoskeletal Tumor Society.
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ment with better ambulation, the majority of
patients portend a poor prognosis regard-
less. In light of this prognosis, there exists a
need for immediate restoration of weight-
bearing and decreased pain, though at a
lower cost given a shorter life expectancy.
Recent research has demonstrated a cost-
savings benefit for the screw-cement rebar
scaffold and polyethylene cup reconstruc-
tion (modified Harrington variant), with
which our institution has had initial
success.?! Bernthal et al. suggest this vari-
ant is durable and provides sick patients
good functional improvement at a lower
cost than, for example, porous shells, tanta-
lum cups, cages, and prosthetic compo-
nents. In their study of 52 acetabular recon-
structions, the authors record a 9.6% failure
rate (according to the Henderson classifica-
tion) and a 2% major surgical complication
rate.”! Complication profiles in this surgery
vary by implant design. Compared to other
modern techniques for periacetabular
reconstruction, the cement-screw-rebar
scaffold with polyethylene cup appears to
be safe and durable. The cup-cage recon-
struction technique described by Hoell ez al.
in 2012 demonstrated a relatively high rate
of mechanical failure (20%), compared to
methods including the porous tantalum
(Khan et al., 5%) and rebar with flanged
metal cup (Marco et al, 10.9%).'522%7
Though a small sample size with limited
follow-up, the results of our current study
suggest a safe option with good short-term
reliability (0% revision rate). This advan-
tage is particularly beneficial in patients
with a shorter life expectancy.

There are significant limitations to this
study. The retrospective nature of this study
precludes any meaningful comparative
analysis. Thus, we are not able to assess
outcomes compared to other commonly uti-
lized techniques for periacetabular recon-
struction. Within the current study, the
small sample size and relatively short fol-
low-up limit the external validity of the
results. However, a majority of these
patients unfortunately have limited life
expectancy, and regaining immediate,
short-term functional outcome is arguably
the most clinically important measure. One
strength of this study is the consistency in
surgical approach as each procedure was
performed by the same surgeon. After care-
ful patient selection, each hip was
approached in a similar manner, minimizing
bias that may be introduced by collecting
data from multi-institutions.
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Conclusions

Metastatic bone disease to the periac-
etabular region presents a challenging clini-
cal scenario. For patients that fail conserva-
tive measures, surgical management is indi-
cated. The modified Harrington procedure
is a surgical reconstructive option used in
patients with advanced acetabular bone dis-
ease. The results of modern studies suggest
the modified Harrington is a standardized
procedure with low complication rates.
Additional studies have characterized this
procedure as one that greatly improves
postoperative functional and oncologic out-
comes within a group of patients with a very
poor prognosis. The current literature sug-
gests both the rate of complications and
mortality are high. Furthermore, in addition
to the modified Harrington there exist dif-
ferent techniques for periacetabular recon-
struction, each with varying success.
Results from small series suggest newer
prostheses have shown promising early
functional and radiographic outcomes.
However, other studies have demonstrated a
cost-savings benefit with the modified
Harrington, by avoiding these newer pros-
theses in patients with a short life expectan-
cy. In the current study, our institution has
demonstrated consistently high rates of
improved patient function in the acute post-
operative setting, as well as implant durabil-
ity. At the study conclusion, we report zero
revision surgeries with significant improve-
ment in clinical outcome scores. These
results are consistent with some of the bet-
ter-reported outcomes in the literature
regarding the modified Harrington. To con-
clude, the current study, along with data that
demonstrate a relatively low complication
profile, suggest this procedure is safe and
permits favorable short-term functional out-
comes in patients with advanced periacetab-
ular metastasis.
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