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Surgical Treatment and Proposed Modified
Classification for Harrington Class III Periacetabular

Metastases
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Objectives: This study aims to: (i) evaluate the outcome of patients with Harrington class III lesions who were treated
according to Harrington classification; (ii) propose a modified surgical classification for Harrington class III lesions;
and (iii) assess the efficiency of the proposed modified classification.

Methods: This study composes two phases. During phase 1 (2006 to 2011), the clinical data of 16 patients with Har-
rington class III lesions who were treated by intralesional excision followed by reconstruction of antegrade/retrograde
Steinmann pins/screws with cemented total hip arthroplasty (Harrington/modified Harrington procedure) were retro-
spectively reviewed and further analyzed synthetically to design a modified surgical classification system. In phase
2 (2013 to 2019), 62 patients with Harrington class III lesions were classified and surgically treated according to our
modified classification. Functional outcome was assessed using the Musculoskeletal Tumor Society (MSTS) 93 scoring
system. The outcome of local control was described using 2-year recurrence-free survival (RFS). Owing to the limited
sample size, we considered P < 0.1 as significant.

Results: In phase 1, the mean surgical time was 273.1 (180 to 390) min and the mean intraoperative hemorrhage
was 2425.0 (400.0 to 8000.0) mL, respectively. The mean follow-up time was 18.5 (2 to 54) months. Recurrence
was found in 4 patients and the 2-year RFS rate was 62.4% (95% confidence interval [CI] 31.6% to 93.2%). The mean
postoperative MSTS93 score was 56.5% (20% to 90%). Based on the periacetabular bone destruction, we categorized
the lesions into two subgroups: with the bone destruction distal to or around the inferior border of the sacroiliac joint
(IIIa) and the bone destruction extended proximal to inferior border of the sacroiliac joint (IIIb). Six patients with IIIb
lesions had significant prolonged surgical time (313.3 vs 249.0 min, P = 0.022), massive intraoperative hemorrhage
(3533.3 vs 1760.0 mL, P = 0.093), poor functional outcome (46.7% vs 62.3%, P = 0.093), and unfavorable local con-
trol (31.3% vs 80.0%, P = 0.037) compared to the 10 patients with IIIa lesions. We then modified the surgical strategy
for two subgroup of class III lesions: Harrington/modified Harrington procedure for IIIa lesions and en bloc re-
section followed by modular hemipelvic endoprosthesis replacement for IIIb lesions. Using the proposed modified surgi-
cal classification, 62 patients in the phase 2 study demonstrated improved surgical time (245.3 min, P = 0.086),
intraoperative hemorrhage (1466.0 mL, P = 0.092), postoperative MSTS 93 scores (65.3%, P = 0.067), and 2-year RFS
rate (91.3%, P = 0.002) during a mean follow-up time of 19.9 (1 to 60) months compared to those in the phase 1 study.

Conclusion: The Harrington surgical classification is insufficient for class III lesions. We proposed modification of the
classification for Harrington class III lesions by adding two subgroups and corresponding surgical strategies according
to the involvement of bone destruction. Our proposed modified classification showed significant improvement in
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functional outcome and local control, along with acceptable surgical complexity in surgical management for Harrington
class III lesions.
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Introduction

The pelvis is the second most common site of metastatic
bony malignancies after the spine1–3. The cornerstone of

therapeutic strategy for pelvic metastasis is nonsurgical ther-
apy, including protected weight-bearing, radiotherapy, che-
motherapy, and other adjuvant therapies2, 4. However,
surgical treatment is often required for periacetabular meta-
static lesions, owing to the severe pain and impaired ambula-
tion, which cannot be relieved satisfactorily by conservative
treatment5–8.

The objectives of surgical treatment for periacetabular
metastasis include prevention of pathological fractures and
protrusion acetabuli, pain relief, and restoring ambulation
and hip joint function5–8. However, surgical strategies for
periacetabular metastases remain diverse due to the various
patterns of bone destruction2, 4, 8. For these purposes, Har-
rington proposed a surgical classification based on the ace-
tabular insufficiency in 1981, which has enjoyed much
popularity1, 9, 10. The Harrington classification categorizes
periacetabular metastatic lesions into four classes with
corresponding surgical strategies. Harrington class I lesions
are contained cavitary defects, whereby the articular surfaces
are disrupted but the walls and columns are intact.
Intralesional excision is recommended, and conventional
cemented total hip arthroplasty (THA) combined with metal
mesh can achieve long-term rigid fixation. In class II lesions,
the medial wall and quadrilateral plates are deficient; how-
ever, the roof and acetabular rim are intact. The lesion is
suggested to be intralesionally curetted and reconstructed
using a flanged cup. In class III lesions, the medial wall, roof,
and acetabular rim are deficient. Intralesional excision, ace-
tabuloplasty of large Steinmann pins in cement followed by
THA with a flanged cup, is recommended. Class IV lesions
are solitary metastases, requiring en bloc resection and
reconstruction with a reasonable anticipation of cure11–13.

Among the Harrington classification, class III lesions
are the most challenging for surgical management because of
the bone destruction, which may preclude solid reconstruc-
tion, and massive lesions, which may pose technical difficul-
ties during excision of the tumor14. The description of class
III lesions in Harrington classification remains ambiguous.
Moreover, with the application of novel adjuvant therapeu-
tics in past two decades, the life expectancy of patients with
metastatic tumors has been prolonged dramatically. The
implies that the intralesional curettage for periacetabular
metastatic lesions in the Harrington classification would be
insufficient to acquire consistent local control during
patients’ survival period7, 15. Given that the local recurrence
of bone metastasis is associated with severe pain and

impaired function, surgery for periacetabular metastasis
should also aim at achieving successful local control16, 17.

Thus, surgical classification and the corresponding sur-
gical strategy for Harrington class III lesions should be
reconsidered and modified. Although several modifications
for surgical classification of Harrington class III lesions have
been proposed, no consensus has been reached5, 7, 9, 10, 18–21.

This study aims to: (i) evaluate the outcome of patients
with Harrington class III lesions who were treated according
to Harrington classification; (ii) propose a modified surgical
classification for Harrington class III lesions; and (iii) assess
the efficiency of the modified classification for treating
patients with class III lesions. This study comprised two
phases: a phase 1 study (2006 to 2011) aimed at reviewing
the outcome of patients with Harrington class III lesions
who were treated based on the original Harrington classifica-
tion and proposing a modified classification for Harrington
class III lesions; and a phase 2 study (2013 to 2019) aimed at
evaluating the efficiency of the proposed modified classifica-
tion for Harrington class III lesions.

Materials and Methods

Inclusion and Exclusion Criteria
The inclusion criteria were: (i) patients who were diagnosed
with metastatic periacetabular metastasis; (ii) the lesion was
classified as Harrington class III according to Harrington
classification; (iii) patients who underwent surgeries in our
center; and (iv) patients with full preoperative and postoper-
ative clinical and radiological data.

The exclusion criteria were: (i) patients who received
conservative treatments; (ii) incomplete medical records and
radiographic data; and (iii) patients lost to follow-up.

Patients
This study composes two phases: phase 1 (2006 to 2011) and
phase 2 (2013 to 2019).

In phase 1, we retrospectively reviewed 16 patients
with Harrington class III lesions who were treated during
January 2006 and December 2011 in our center. The last fol-
low up of these patients was in June 2012. There were 7 men
and 9 women, with a mean age of 52.6 (36 to 73) years. The
primary malignancies were lung cancers (4), renal cancers
(4), breast cancers (3), thyroid cancers (3), and others (2:
endometrial cancer and an unknown cancer). (Table 1).

In phase 2, 62 patients who were treated for Harring-
ton class III lesions in our center between January 2013 to
December 2019 were entered into this study phase. There
were 34 men and 28 women, with an average age of 56.9
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(17 to 79) years. The most common primary malignancy was
lung cancer (22, 35.5%)(Table 1).

This study was carried out after obtaining approval
from the hospital institutional review board committee.

Surgical Treatment
The indications for surgery were severe pain unresponsive to
conservative treatment, impaired ambulation, a primary
tumor that was stable after sensitive therapies, and acceptable
general condition.

Preoperatively, the periacetabular lesions and whole-
body metastatic status was assessed by imaging studies,
including plain radiographs, CT, MRI, whole-body bone
scan, or positron emission tomography-CT. For patients with
hypervascular tumors (e.g. metastatic renal cancer, thyroid
cancer, or liver cancer), preoperative selective artery emboliza-
tion and/or intraoperative temporary occlusion of common
iliac artery/aorta were performed to reduce intraoperative
hemorrhage22.

In the phase 1 study, all 16 patients underwent
intralesional excision followed by reconstruction of
antegrade/retrograde Steinmann pins/screws with cemented
THA (Harrington/modified Harrington procedure). The
severity of bone destruction, surgical time, intraoperative
hemorrhage, postoperative complications, and outcome of
function and local control were reviewed and analyzed syn-
thetically to design a modified classification system including
class IIIa and IIIb lesions with corresponding surgical strate-
gies for patients with Harrington class III lesions (Fig. 1).
The design process and a detailed explanation of the modi-
fied classification will be described in the “Results.” In the

phase 2 study, patients were first categorized into class IIIa
and IIIb lesions. Patients with IIIa lesions consistently
underwent Harrington/modified Harrington procedures
(class IIIa surgery) (Fig. 3), while patients with IIIb lesions
underwent en bloc resection followed by modular hemipelvic
endoprosthesis replacement alone (Fig. 4) or combined with
a screw-rod system (Fig. 5) (class IIIb surgery).

Postoperative adjuvant therapies, including chemother-
apy, endocrinal therapy, targeted therapy, and radiotherapy,
were administered according to oncologists. The patients
were assessed at the consultation every 3 months in the first
year after surgery and every 6/12 months afterwards until
death. Clinical and radiological assessments were performed
at each visit to determine the outcomes for function and
local control.

TABLE 1 Demographic characteristics of all patients

Factors Total number/mean value Phase 1 Phase 2 P

N 78 16 62
Age (years) 56.0 (17 to 79) 52.6 (36 to 73) 56.9 (17 to 79) 0.22
Gender Male 41 7 34 0.58

Female 37 9 28
Primary tumor site Lung 26 4 22 0.35

Kidney 12 4 8
Breast 8 3 5
Thyroid 6 3 3
Liver 4 0 4
Colon 3 0 3
Stomach 3 0 3
Bladder 2 0 2
Uterus 2 1 1
Malignant SFT 2 0 2
Others 5 0 5 (one each of prostate cancer, malignant

pheochromocytoma,
parotid gland carcinoma,
GIST, and malignant
thymoma)

Unknown 5 1 4
Follow-up time (months) 19.6 (1 to 60) 18.5 (2 to 54) 19.9 (1 to 60) 0.31

CI, confidence interval; GIST, gastrointestinal stromal tumor; MSTS 93, Musculoskeletal Tumor Society; RFS, recurrence-free survival; SFT, solitary fibrous tumor.

Fig. 1 Proposed classification for Harrington class III lesions. IIIa: The

bone destruction is distal to the inferior border of sacroiliac joint. IIIb:

The bone destruction extends proximal to the inferior border of the

sacroiliac joint.
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Fig. 2 Recurrence-free survival (RFS) of patients with different Harrington class III lesions in phase 1 study. After undergoing the

Harrington/modified Harrington procedure, patients with class IIIb lesions showed significantly poorer local control compared to patients

with class IIIa lesions.

A B C D

Fig. 3 A 62-year-old female patient with metastatic periacetabular lung cancer presented with left-sided class IIIa periacetabular lesion. (A) X-ray

showed that the bone destruction was distal to the inferior border of the sacroiliac joint. (B) The patient underwent intralesional excision followed by

antegrade screws with cemented total hip arthroplasty (Harrington/modified Harrington procedure) (class IIIa surgery). (C) The patient was

histologically diagnosed as metastatic lung adenocarcinoma. (D) X-ray 6 months after surgery showed no evidence of tumor recurrence or mechanical

endoprosthetic failure.
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Outcome Measures
The surgical time (min) and intraoperative hemorrhage
(mL) were used to represent the complexity of differ-
ent surgical procedures. Postoperative complications
(such as dislocation and infection) were also recorded.

The overall survival (OS) was calculated from the date
of surgery to death or to the date of the last follow up. The
recurrence-free survival (RFS) was calculated from the date of

surgery to the date when the recurrence was diagnosed or to
the date of the last follow-up, and the 2-year RFS rate was
used to describe the outcome of local control.

Musculoskeletal Tumor Society 93 Scoring System
Functional outcomes were evaluated using the Musculoskele-
tal Tumor Society (MSTS) 93 scoring system for the lower
extremity23. This system includes numerical values from 0 to

A B C D

Fig. 5 A 63-year-old male patient with metastatic renal cancer presented with left-sided class IIIb periacetabular lesion. (A) X-ray showed that the bone

destruction extended proximal to the inferior border of the sacroiliac joint. (B) The patient underwent en bloc resection followed by modular hemipelvic

endoprosthesis replacement combined with the screw–rod system (class IIIb surgery). (C) The patient was histologically diagnosed as having metastatic

clear cell renal carcinoma. (D) X-ray 14 months after surgery showed no evidence of tumor recurrence or mechanical endoprosthetic failure.

A B C D

Fig. 4 A 55-year-old male patient with metastatic renal cancer presented with right-sided class IIIb periacetabular lesion. (A) X-ray showed that the

bone destruction extended proximal to the inferior border of the sacroiliac joint. (B) The patient underwent en bloc resection followed by modular

hemipelvic endoprosthesis replacement (class IIIb surgery). (C) He was histologically diagnosed as having metastatic clear cell renal carcinoma.

(D) X-ray 12 months after surgery showed no evidence of tumor recurrence or mechanical endoprosthetic failure.
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5 points assigned to each of the following six categories:
pain, level of activity and restriction, emotional acceptance,
use of orthopedic supports, walking ability, and gait. The
final MSTS score is calculated as a percentage of the maxi-
mum possible score; the higher the percentage, the better the
functional outcome.

Statistical Analysis
Statistical analysis was performed using the Statistical Pack-
age for the Social Science (SPSS) software version 19.0 (IBM,
Armonk, New York). Survival was calculated using the
Kaplan–Meier method and was compared between different
groups by log-rank test. Nonparametric testing (Mann–
Whitney U-test) and Fisher’s exact test were performed to
compare the two groups and to determine statistical

significance. Owing to the limited sample size, we considered
P < 0.1 as significanct.

Results

Clinical Outcome of Patients in Phase 1 Study
All surgeries were performed uneventfully. The mean sur-
gical time and intraoperative hemorrhage was 273.1
(180 to 390) min and 2425.0 (400.0 to 8000.0) mL, respec-
tively. Two patients had postoperative complications: arte-
rial embolism and venous thrombosis. The mean follow-
up time was 18.5 (2 to 54) months. Death occurred in 8
patients during the follow-up period and the 2-year overall
survival (OS) rate was 49.7% (95% confidence interval [CI]
23.0% to 76.4%). Recurrence occurred in 4 patients and

TABLE 3 Clinical outcome of patients with Harrington class III lesions in phase 2 study

Clinical characteristics Mean/total IIIa IIIb P

N 62 14 48
Surgical time (min) 245.3 (150 to 510) 214.3 (160 to 300) 254.4 (150 to 510) 0.028*
Intraoperative hemorrhage (mL) 1466.0 (200 to 3600) 1260.0 (200 to 2500) 1526.0 (400 to 3600) 0.21
Postoperative complication rate (%) 14.5% 7.1 16.7 0.67
Postoperative MSTS 93 score (%) 65.3 (23.3 to 96.7) 68.6 (26.7 to 96.7) 64.3 (23.3 to 90.0) 0.41
2-year RFS rate (%) 91.3 (95% CI 81.9 to 100.0) 83.3 (95% CI 53.5 to 100.0) 92.8 (95% CI 83.2 to 100.0) 0.43

CI, confidence interval; MSTS 93, Musculoskeletal Tumor Society; RFS, recurrence-free survival.; *Statistical significance.

TABLE 4 Comparison of clinical outcome of patients with Harrington class III lesions in phase 1 and 2 studies

Clinical characteristics Total number/mean value Phase 1 Phase 2 P

N 78 16 62
Surgical time (min) 251.0 (150 to 510) 273.1(180 to 390) 245.3 (150 to 510) 0.086*
Intraoperative hemorrhage (mL) 1662.7 (200 to 8000) 2425.0 (400 to 8000) 1466.0 (200 to 3600) 0.092*
Postoperative complication rate (%) 14.1 12.5 14.5 0.60
Postoperative MSTS 93 score (%) 63.5 (20.0 to 96.7) 56.5 (20.0 to 90.0) 65.3 (23.3 to 96.7) 0.067*
2-year RFS rate (%) 86.0 (95% CI 76.0 to 96.0) 62.4 (95% CI 31.6 to 93.2) 91.3 (95% CI 81.9 to 100.0) 0.002*

CI, confidence interval; MSTS 93, Musculoskeletal Tumor Society; RFS, recurrence-free survival.; *Statistical significance.

TABLE 2 Clinical outcome of 16 patients with Harrington class III lesions in phase 1 study

Clinical characteristics Mean/total IIIa IIIb P

N 16 10 6
Surgical time (min) 273.1 (180 to 390) 249.0 (180 to 390) 313.3 (270 to 370) 0.022*
Intraoperative hemorrhage (mL) 2425.0 (400.0 to 8000.0) 1760.0 (400.0 to 5000.0) 3533.3 (1400.0 to 8000.0) 0.093*
Postoperative complication rate (%) 12.5 10.0% 16.7 0.63
MSTS 93 score 56.5% (20.0% to 90.0%) 62.3% (46.7% to 90.0%) 46.7% (20.0% to 63.3%) 0.093*
2-year RFS rate 62.4% (95% CI 31.6% to 93.2%) 80.0% (95% CI 44.9% to 100.0%) 31.3% (95% CI 0 to 79.3%) 0.037*

CI, confidence interval; MSTS 93, Musculoskeletal Tumor Society; RFS, recurrence-free survival.; *Statistical significance.
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the 2-year RFS rate was 62.4% (95% CI, 31.6% to 93.2%).
The mean postoperative MSTS93 score was 56.5% (20%
to 90%).

According to the severity of periacetabular bone
destruction, we categorized the lesions into two subgroups:
the bone destruction was distal to or around the inferior bor-
der of sacroiliac joint (IIIa), and the bone destruction
extended proximal to inferior border of sacroiliac joint
(IIIb) (Fig. 1).

Based on our classification for the periacetabular meta-
static lesions, there were 10 patients with class IIIa lesions
and 6 patients with class IIIb lesions. Patients with IIIb
lesions showed significant prolonged surgical time and mas-
sive intraoperative hemorrhage compared to patients with
IIIa lesions (surgical time: 313.3 vs 249.0 min, P = 0.022;
intraoperative hemorrhage: 3533.3 vs 1760.0 mL, P = 0.093).
The postoperative complication rate in patients with differ-
ent types of lesions showed no significant difference (IIIa vs
IIIb, 10.0% vs 16.7%, P = 0.63). By comparing the functional
outcome, the MSTS93 scores of patients with IIIb lesions
(46.7%) were significantly lower than those of patients with
IIIa lesions (62.3%) (P = 0.093) (Table 2). Moreover, in the
comparison of outcomes for local control, patients with IIIb
lesions showed significantly lower 2-year RFS rates compared
to patients with IIIa lesions (31.3% vs 80.0%,
P = 0.037) (Fig. 2).

Modified Surgical Classification for Harrington Class III
Lesions
Based on the findings in the phase 1 study, the Harrington/
modified Harrington procedure was demonstrated to be insuf-
ficient for Harrington class III lesions, particularly the lesions
with massive periacetabular bone destruction, because of the
prolonged surgical time, increased intraoperative blood loss,
poor functional outcome, and unfavorable local control. Thus,
we proposed a modified surgical classification for Harrington
class III lesions: class IIIa lesions, which are the lesions with
bone destruction distal to or around the inferior border of
sacroiliac joint, should be treated by Harrington/modified
Harrington procedures (class IIIa surgery) (illustrated in
Fig. 3); class IIIb lesions, which are the lesions with bone
destruction extended proximal to the inferior border of the
sacroiliac joint, should be treated by en bloc resection followed
by modular hemipelvic endoprosthesis replacement alone or
combined with the screw–rod system (class IIIb surgery)
(illustrated in Figs 4 & 5).

Clinical Outcome of Patients in Phase 2 Study
All surgeries were completed successfully, with a mean surgi-
cal time of 245.3 (150 to 510) min and a mean intraoperative
hemorrhage of 1466.0 (200 to 3600) mL. Postoperative com-
plications occurred in 9 patients, including 5 patients with
delayed wound healing, 3 patients with hip dislocation and
1 patient with venous thrombosis. The mean follow-up time
was 19.6 (1 to 60) months. A total of 39 patients (62.9%)
died during the follow-up period and the 2-year OS rate was
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45.9% (95% CI 32.4% to 59.4%). Recurrence occured in
3 patients (4.8%) and the 2-year RFS rate was 91.3% (95% CI
81.9% to 100%). The postoperative MSTS 93 score was
65.3% (23.3% to 96.7%). (Table 3).

According to the modified classification for Harrington
class III lesions, class IIIa and IIIb lesions were identified in
14 and 48 patients, respectively, and were subsequently
treated by corresponding surgeries. Compared to patients
who underwent class IIIa surgery, patients who underwent
class IIIb surgery showed significantly prolonged surgical
time (IIIa vs IIIb, 214.3 vs 254.4 min, P = 0.028), with, how-
ever, no significantly more intraoperative hemorrhage (IIIa
vs IIIb, 1260.0 vs 1526.0, P = 0.21). Postoperative complica-
tion rates of patients with different classes of lesions demon-
strated no significant difference (IIIa vs IIIb, 7.1% vs 16.7%,
P = 0.67). Moreover, acceptable postoperative MSTS
93 scores were achieved in patients with both class IIIa and
IIIb lesions (IIIa vs IIIb, 68.6% vs 64.3%, P = 0.41). In addi-
tion, the 2-year RFS rates showed no significant difference
between patients with class IIIa and IIIb lesions (IIIa vs IIIb,
83.3% vs 92.8%, P = 0.52).

Comparison of Clinical Outcome of Patients in Phase
1 and 2 Studies
To evaluate the efficiency of the modified classification for
Harrington class III lesions, we compared the clinical data of
patients in the phase 1 study, who were treated according to
the original Harrington classification, and patients in the
phase 2 study, who were treated according to our proposed
modified classification. The baseline data, including age, gen-
der, primary tumor site, and follow-up time, was first com-
pared (Table 1). The results showed no significant difference,
indicating that the clinical outcome of patients in the two
phases of this study was comparable. Patients with Harring-
ton class III lesions in the phase 2 study showed more pre-
ferred surgical time (245.3 vs 273.1 min, P = 0.086),
intraoperative hemorrhage (1466.0 vs 2425.0 mL, P = 0.092),
postoperative MSTS 93 scores (65.3% vs 56.5%, P = 0.067),
and 2-year RFS rate (91.3% vs 62.4%, P = 0.002) (Table 4).

Discussion

Outcome of Patients with Harrington Class III Lesions
Who Were Treated According to Harrington
Classification
The surgical strategy for Harrington class III lesions remains
difficult and challenging18, 19. The class III lesions are
defined in the Harrington classification as lesions with defi-
cient medial wall, roof, and rim of the acetabulum, which
indicates that the bone destruction could involve just the
periacetabular bone or the whole ilium. The limited residual
bone after removal of lesions with huge bone destruction
(i.e. class IIIb lesions in our modified classification) precludes
solid reconstruction, which may lead to an unfavorable func-
tional outcome. In our phase 1 study, we performed the Har-
rington/modified Harrington procedure for all patients with

class III lesions. Significantly poor MSTS 93 scores were
illustrated in patients with class IIIb lesions. This indicated
that the conventional and unified reconstruction procedure
for Harrington class III lesions is insufficient to restore
function.

We also found in the phase 1 study that surgical time
and intraoperative hemorrhage were significantly elevated in
patients with class IIIb lesions. This could be attributed to the
intralesional curettage in the Harrington/modified Harrington
procedure, which could be arduous and time-consuming in
class IIIb lesions. Moreover, patients with class IIIb lesions
showed significantly poor local control. Given the improved
survival of patients with malignant tumors arising from the
application of novel adjuvant therapies, intralesional curettage
in the Harrington classification for periacetabular metastasis
should be altered to more aggressive procedures (like en bloc
resection) to achieve continuous local control during patients’
survival period, particularly in class IIIb lesions7.

Concisely, we concluded in the phase 1 study that the
Harrington classification and corresponding surgical strategy
for class III lesions was insufficient. Although several works
have focused on modifying the surgical strategy for Harring-
ton class III lesions, there is no widely and formally accepted
treatment algorithm and no study aimed at proposing a
more specific classification for class III lesions (Table 5).

Modified Surgical Classification for Harrington Class III
Lesions
Based on the results of the phase 1 study, we hereby pro-
posed a modified classification for Harrington class III
lesions by defining class IIIa and IIIb lesions according to
the severity of periacetabular bone destruction (Fig. 1). As
for the surgical strategies for different lesions, given that the
Harrington/modified Harrington procedure was demon-
strated to be insufficient in surgical complexity, functional
reconstruction, and local control for class IIIb lesions in
phase 1 study, en bloc resection followed by modular
hemipelvic endoprosthesis replacement alone or combined
with the screw–rod system (class IIIb surgery) was assigned
to class IIIb lesions, while the Harrington/modified Harring-
ton procedure (class IIIa surgery) was assigned to class IIIa
lesions. We subsequently conducted a phase 2 study, in
which the patients were evaluated and treated as guided by
our modified classification for Harrington class III lesions.

In phase 2 study, all patients showed acceptable postop-
erative MSTS 93 scores with no significant difference between
the two subgroups. It may be attributed to using modular
hemipelvic endoprosthesis, which has been proved to be ade-
quate for reconstruction of massive pelvic bone defect after
tumor removal, in the surgical strategy for class IIIb lesions in
phase 2 study. Various endoprotheses have been applied in
reconstruction after pelvic tumor resection, including saddle
endoprostheses, pedestal or iliac stem endoprostheses, and
modular hemipelvic endoprostheses5, 12, 24, 25. The functional
outcome of using modular hemipelvic endoprosthesis in this
study (64.3%) concurred with previous research regarding the
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same type of endoprosthesis (60.0% to 83.9%)6, 25, 26 and
other types of endoprostheses (47.0% to 70.0%)5, 12, 24, 27.

Local recurrence causes relapse of pain and functional
impairment via not only the recurrent lesion itself but also
by inducing mechanical implant failure18. Good local control
can improve patients’ quality of life continuously during the
survival period. In the phase 2 study, the local control of
patients with Harrington class III lesions was improved sig-
nificantly by applying en bloc resection in selected patients
guided by the proposed modified classification. This indi-
cates that the proposed modified surgical classification for
Harrington class III lesions could achieve desirable local
control.

The complexity of the procedure is also a major con-
cern in planning the surgery for periacetabular metastasis8,
21. Although class IIIb surgery is a more complex procedure
than class IIIa surgery, demonstrated by significantly pro-
longed surgical time in the phase 2 study, the intraoperative
hemorrhage of class IIIb surgery was increased. This may be
because en bloc resection facilitates sufficient exposure of
periacetabular lesions during surgery, which enables the sur-
geons to directly identify and ligate the tumor blood vessels.
Therefore, the massive bleeding during intralesional curet-
tage for huge Harrington class III lesions could be avoided.
Meanwhile, decreased intraoperative hemorrhage and a clear
surgical field also facilitates completely removing the lesions,
which may improve the local control to some extent.

Efficiency of the Modified Classification for Treating
Patients with Harrington Class III Lesions
To evaluate the efficiency of the proposed surgical classifica-
tion for Harrington class III lesions, we compared the surgi-
cal complexity and the outcomes for function and local
control between patients in two phases who were treated
according to different surgical classifications. Compared to
Harrington classification and its surgical strategy for class III
lesions, the modified surgical classification reduced surgical

time and intraoperative hemorrhage, and improved the post-
operative MSTS 93 scores and 2-year RFS rates significantly.
Moreover, in comparison with previous studies, our modified
classification shows desirable surgical complexity, postopera-
tive functional outcome, and local control in patients with
Harrington class III lesions, and specifically demonstrates the
surgical strategy for class III lesions with massive peri-
acetabular bone destruction (Table 5)5, 7, 9, 10, 15, 18, 19. Thus,
our modified classification is efficient for planning surgeries
for patients with Harrington class III lesions.

Limitations
There were some limitations in our study. First, although it
is the largest series to date of a modified surgical classifica-
tion for Harrington class III lesions, the sample size of this
study (particularly in phase 1) is still too small to delineate
possible differences. This was the reason why we considered
P < 0.1 instead of P < 0.05 as statistically significant in this
study. Second, the uneven distribution of different classes of
lesions in the phase 2 study may cast doubt on some results:
most of the periacetabular metastatic lesions with mild bone
destruction could be treated via non-surgical approaches,
while lesions that require surgical treatment are often charac-
terized as extensive bone destruction. Collaborative efforts
will be needed to increase the sample size of future studies.

Conclusion

The Harrington surgical classification is insufficient for
class III lesions. We propose modification of the classifi-

cation for Harrington class III lesions by adding two sub-
groups and corresponding surgical strategies according to
the involvement of bone destruction. Our proposed modified
classification showed significant improvement in functional
outcome and local control, along with acceptable surgical
complexity in surgical management for Harrington class III
lesions.
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