Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 9 Number 24 August 26, 2021

OPINION REVIEW
6964 Reconsideration of recurrence and metastasis in colorectal cancer

Wang R, Su Q, Yan ZP

MINIREVIEWS
6969  Multiple immune function impairments in diabetic patients and their effects on COVID-19

LuZH, Yu WL, Sun Y

6979 Discontinuation of antiviral therapy in chronic hepatitis B patients

Medas R, Liberal R, Macedo G

ORIGINAL ARTICLE
Case Control Study

6987  Textural differences based on apparent diffusion coefficient maps for discriminating pT3 subclasses of
rectal adenocarcinoma

Lu ZH, Xia KJ, Jiang H, Jiang JL, Wu M

Retrospective Cohort Study

6999  Cost-effective screening using a two-antibody panel for detecting mismatch repair deficiency in sporadic
colorectal cancer

Kim JB, Kim YI, Yoon YS, Kim J, Park SY, Lee JL, Kim CW, Park IJ, Lim SB, Yu CS, Kim JC

Retrospective Study

7009  Novel model combining contrast-enhanced ultrasound with serology predicts hepatocellular carcinoma
recurrence after hepatectomy

Tu HB, Chen LH, Huang YJ, Feng SY, Lin JL, Zeng YY

7022  Influence of volar margin of the lunate fossa fragment fixation on distal radius fracture outcomes: A
retrospective series

Meng H, Yan JZ, Wang B, Ma ZB, Kang WB, Liu BG

7032  Case series of COVID-19 patients from the Qinghai-Tibetan Plateau Area in China

Li JJ, Zhang HQ, Li PJ, Xin ZL, Xi AQ, Zhuo-Ma, Ding YH, Yang ZP, Ma SQ

7043 Patients” awareness about their own breast cancer characteristics

Geng C, Lu GJ, Zhu J, Li YY

7053 Fracture risk assessment in children with benign bone lesions of long bones

Li HB, Ye WS, Shu Q

WJCC | https://www.wjgnet.com I August 26,2021 | Volume9 | Issue24 |

Jaishideng®



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 9 Number 24 August 26, 2021
SYSTEMATIC REVIEWS
7062  Mothers’ experiences of neonatal intensive care: A systematic review and implications for clinical practice
Wang LL, Ma JJ, Meng HH, Zhou J
META-ANALYSIS
7073 Helicobacter pylori infection and peptic ulcer disease in cirrhotic patients: An updated meta-analysis
Wei L, Ding HG
CASE REPORT
7085  Tuberous sclerosis complex-lymphangioleiomyomatosis involving several visceral organs: A case report
Chen HB, Xu XH, Yu CG, Wan MT, Feng CL, Zhao ZY, Mei DE, Chen JL
7092  Long-term survivor of metastatic squamous-cell head and neck carcinoma with occult primary after
cetuximab-based chemotherapy: A case report
Grof3e-Thie C, Maletzki C, Junghanss C, Schmidt K
7099  Genetic mutations associated with sensitivity to neoadjuvant chemotherapy in metastatic colon cancer: A
case report and review of literature
Zhao L, Wang Q, Zhao SD, Zhou J, Jiang KW, Ye YJ, Wang S, Shen ZL
7110  Coexistence of cervical extramedullary plasmacytoma and squamous cell carcinoma: A case report
Zhang QY, Li TC, Lin J, He LL, Liu XY
7117  Reconstruction of the chest wall after resection of malignant peripheral nerve sheath tumor: A case report
Guo X, Wu WM, Wang L, Yang Y
7123 A rare occurrence of a hereditary Birt-Hogg-Dubé syndrome: A case report
Lu YR, Yuan Q, Liu J, Han X, Liu M, Liu QQ, Wang YG
7133  Late-onset Leigh syndrome without delayed development in China: A case report
Liang JM, Xin CJ, Wang GL, Wu XM
7139  New mechanism of partial duplication and deletion of chromosome 8: A case report
Jiang Y, Tang S, He F, Yuan JX, Zhang Z
7146  S-1 plus temozolomide as second-line treatment for neuroendocrine carcinoma of the breast: A case report
Wang X, Shi YF, Duan JH, Wang C, Tan HY
7154  Minimally invasive treatment of hepatic hemangioma by transcatheter arterial embolization combined
with microwave ablation: A case report
Wang LZ, Wang KP, Mo JG, Wang GY, Jin C, Jiang H, Feng YF
7163  Progressive disfiguring facial masses with pupillary axis obstruction from Morbihan syndrome: A case
report
Zhang L, Yan S, Pan L, Wu SF
Bishidenge WVJCC | https://www.wjgnet.com I August 26,2021 | Volume9 | Issue24 |



Contents

World Journal of Clinical Cases

Thrice Monthly Volume 9 Number 24 August 26, 2021

7169

7175

7181

7189

7196

7205

7212

7218

7224

7231

7237

7245

7251

7261

Idiopathic basal ganglia calcification associated with new MYORG mutation site: A case report

Fei BN, Su HZ, Yao XP, Ding J, Wang X

Geleophysic dysplasia caused by a mutation in FBN1: A case report
Tao Y, Wei Q, Chen X, Nong GM

Combined laparoscopic-endoscopic approach for gastric glomus tumor: A case report

Wang WH, Shen TT, Gao ZX, Zhang X, Zhai ZH, Li YL

Aspirin-induced long-term tumor remission in hepatocellular carcinoma with adenomatous polyposis coli
stop-gain mutation: A case report

Lin Q, Bai MJ, Wang HF, Wu XY, Huang MS, Li X

Prenatal diagnosis of isolated lateral facial cleft by ultrasonography and three-dimensional printing: A case
report

Song WL, Ma HO, Nan Y, Li YJ, Qi N, Zhang LY, Xu X, Wang YY

Therapy-related myeloid leukemia during erlotinib treatment in a non-small cell lung cancer patient: A
case report

Koo SM, Kim KU, Kim YK, Uh ST

Pediatric schwannoma of the tongue: A case report and review of literature

Yun CB, Kim YM, Choi JS, Kim JW

Status epilepticus as a complication after COVID-19 mRNA-1273 vaccine: A case report

Stn R, Struncovd D

Successful outcome of retrograde pancreatojejunostomy for chronic pancreatitis and infected pancreatic
cysts: A case report

Kimura K, Adachi E, Toyohara A, Omori S, Ezaki K, lhara R, Higashi T, Ohgaki K, Ito S, Maehara SI, Nakamura T,
Maehara Y

Incidentally discovered asymptomatic splenic hamartoma misdiagnosed as an aneurysm: A case report

Cao XF, Yang LP, Fan SS, Wei Q, Lin XT, Zhang XY, Kong LQ

Secondary peripheral T-cell lymphoma and acute myeloid leukemia after Burkitt ymphoma treatment: A
case report

Huang L, Meng C, Liu D, Fu XJ

Retroperitoneal bronchogenic cyst in suprarenal region treated by laparoscopic resection: A case report

Wu LD, Wen K, Cheng ZR, Alwalid O, Han P

Coexistent vestibular schwannoma and meningioma in a patient without neurofibromatosis: A case report
and review of literature

Zhao LY, Jiang YN, Wang YB, Bai Y, Sun Y, Li YO

Thoracoabdominal duplication with hematochezia as an onset symptom in a baby: A case report

Yang SB, Yang H, Zheng S, Chen G

JBaishideng®

WJCC | https://www.wjgnet.com 111 August 26,2021 | Volume9 | Issue24 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 24 August 26, 2021

7269  Dental management of a patient with Moebius syndrome: A case report

Chen B, Li LX, Zhou LL

7279  Epidural gas-containing pseudocyst leading to lumbar radiculopathy: A case report
Chen Y, Yu SD, Lu WZ, Ran JW, Yu KX

7285  Regression of intervertebral disc calcification combined with ossification of the posterior longitudinal
ligament: A case report

Wang XD, Su XJ, Chen YK, Wang WG

Bishidenge WVJCC | https://www.wjgnet.com IX August 26,2021 | Volume9 | Issue24 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 24 August 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Vijaykumar Chava, MD, Professor, Department of
Periodontology, Narayana Dental College and Hospital, Nellore 524003, Andhra Pradesh, India.
chava7@hotmail.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports®
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category:
Q3. The W]JCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Lin; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jin-Iei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16, 2013 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
August 26, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com X August 26,2021 | Volume9 | Issue24 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wjcc.v9.i24.7053

World Journal of
Clinical Cases

World | Clin Cases 2021 August 26; 9(24): 7053-7061

ISSN 2307-8960 (online)

Retrospective Study

ORIGINAL ARTICLE

Fracture risk assessment in children with benign bone lesions of

long bones

Hai-Bing Li, Wen-Song Ye, Qiang Shu

ORCID number: Hai-Bing Li 0000-
0002-5535-9534; Wen-Song Ye 0000-
0002-7829-055X; Qiang Shu 0000-
0002-4106-6255.

Author contributions: Li HB carried
out the majority of the study,
analyzed data, and prepared the
manuscript; Ye WS supervised the
study and wrote most of the
manuscript; Shu Q provided
suggestions for the study and
critically reviewed the manuscript;
all authors read and approved the
final manuscript.

Supported by Natural Science
Foundation of Zhejiang Province,
No. LY20H060001.

Institutional review board
statement: The study was
reviewed and approved by the
Children's Hospital of Zhejiang
University Institutional Review
Board, No. 2020-IRB-052.

Informed consent statement: A
written consent was obtained from
all participants prior to this study.

Conflict-of-interest statement:
There are no conflicts of interest to
report.

Data sharing statement: No
additional data are available.

Open-Access: This article is an

Jaishideng®

WJCC | https://www.wjgnet.com

Hai-Bing Li, Wen-Song Ye, Department of Paediatric Orthopaedics, The Children’s Hospital,
Zhejiang University School of Medicine, Hangzhou 310052, Zhejiang Province, China

Qiang Shu, Department of Pediatric Surgery, The Children’s Hospital, Zhejiang University
School of Medicine, Hangzhou 310052, Zhejiang Province, China

Corresponding author: Qiang Shu, PhD, Chief Doctor, Department of Pediatric Surgery, The
Children’s Hospital, Zhejiang University School of Medicine, No. 3333 Binsheng Road,
Hangzhou 310052, Zhejiang Province, China. shuqiang(@zju.edu.cn

Abstract

BACKGROUND
Fracture risk assessment in children with benign bone lesions of long bones
remains poorly investigated.

AIM

To investigate the risk factors for pathological fracture in children with benign
bone lesions and to propose a modified scoring system for quantitative analysis of
the pathologic fracture risk.

METHODS

We retrospectively reviewed 96 pediatric patients with benign bone lesions. We
compared radiographic and clinical features between 40 patients who had
fractures through a benign bone lesion and 56 who had no fracture. Information
including histological diagnosis, anatomical site, radiographic appearance,
severity of pain, and lesion size was recorded for the patients. A modified scoring
system was proposed to predict the risk of fracture.

RESULTS

The univariate comparisons showed a significant difference between the fracture
and non-fracture groups in terms of lesion type, pain, lesion-to-bone width, and
axial cortical involvement of the patients (P < 0.05). Lesion type, pain, lesion-to-
bone width, and axial cortical involvement were independently correlated with an
increased risk of fracture. The mean score of the fracture group was 7.89, whereas
the mean score of the non-fracture group was 6.01. The optimum cut-off value of
the score to predict pathological fracture was 7. The scoring system had a
sensitivity of 70% and a specificity of 80% for detecting patients with fractures.
The Youden index was 0.5, which was the maximum value. The area under the
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receiver operator characteristic was 0.814.

CONCLUSION

Lesion type, pain, lesion-to-bone width, and axial cortical involvement are risk
factors for pathological fracture. The modified scoring system can provide
evidence for clinical decision-making in children with benign bone lesions. A
bone lesion with a total score > 7 indicates a high risk of a pathologic fracture and
is an indication for prophylactic internal fixation.

Key Words: Benign bone lesion; Pathological fracture; Risk factor; Children

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The purpose of this study was to investigate the risk factors of pathological
fracture in children with benign bone lesions and to propose a modified scoring system
for quantitative analysis of the pathologic fracture risks. As a fracture predictive tool,
the modified scoring system can be used to evaluate before treatment and provide
reference for surgical decision-making.

Citation: Li HB, Ye WS, Shu Q. Fracture risk assessment in children with benign bone lesions
of long bones. World J Clin Cases 2021; 9(24): 7053-7061

URL: https://www.wjgnet.com/2307-8960/full/v9/i24/7053 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i24.7053

INTRODUCTION

Benign bone lesions refer to an inhomogeneous group of pathologic entities including
benign and phymatoid lesions[1]. Most benign bone lesions occur in skeletally
immature individuals and are generally located in the long bones. Benign bone lesions
may be asymptomatic or incidentally discovered because of their insidious onset. After
confirming that the lesion is benign, surgeons should undertake a fracture risk
assessment and evaluate the treatment indications[2]. When an enlarging benign
lesion occurs in the long bone of the extremities, pathologic fracture may occur
frequently even with minimal trauma. Pathologic fracture will lead to fracture-related
pain, deformity, and immobility[3]. Therefore, fracture prevention is a management
priority[4].

Current management strategies for benign bone lesions include conservative
treatment and surgical treatment. The option of treatment remains a subject of debate
among surgeons. Conservative treatment involves close observations, avoiding
weight-bearing, and immobilization with a brace. This is suitable for asymptomatic
and small lesions[5]. Surgical treatment, including steroid injection, injection of bone
graft or autologous bone marrow, open curettage, and bone grafting with or without
stabilization of the lesion with internal fixation, is mainly used for moderate-large
lesions[6-8]. The key critical point in clinical decision-making for the treatment of
benign bone lesions hinges on whether the given lesion altering the strength of the
bone will increase the risk of pathological fracture.

Previous studies have determined the risk factors of pathological fracture based on
patient pain, site of lesion, lesion type, and size of lesion[9,10]. The populations of
these studies were mainly adult patients with metastatic bone disease; however, rare
research has investigated pediatric patients with benign bone lesions[11]. Therefore,
we investigated the risk factors of pathological fracture in children with benign bone
lesions. Our secondary aim was to propose a modified scoring system for quantitative
analysis of the pathologic fracture risks.

MATERIALS AND METHODS

After obtaining approval from our hospital’s ethics committee (2020-IRB-052), a
retrospective study was performed on all pediatric patients with long bones affected

7054 August 26,2021 | Volume9 | Issue24 |
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Figure 1 Schematic illustration of lesion measurement. The lesion-to-bone width was calculated by the maximum ratio of lesion width (a) to transverse
width at the level of the lesion (b). Axial cortical involvement was measured by the largest longitudinal measurement of the entire lesion (c).

Jaishideng®

by benign bone lesions in our hospital between January 2015 and December 2018.
Informed consent form was signed by all parents of patients in the study. All methods
were performed in accordance with the relevant guidelines and regulations. Patients
who had a malignant tumor or had a history of previous treatment before admission to
our hospital were excluded from the study. All patients underwent fine-needle or
open biopsy for histological diagnosis. All patients who suffered spontaneous
fractures or fractures that occurred as a consequence of minimal trauma were included
in this study. Patients with pathologic fractures caused by adequate trauma or
multiple pathologic fractures were excluded. This group of patients was defined as the
fracture group. The non-fracture group consisted of patients without fractures. We
reviewed all available patient information and extracted relevant details, including
patients” age, gender, histological diagnosis, location of lesion, lesion type, severity of
pain, and lesion size.

Radiographic and clinical evaluation

For both the fracture and non-fracture groups, the initial plain radiographs were
reviewed to identify the location of the lesion (upper or lower limb), lesion type
(osteoblastic, mixed, or osteolytic), and lesion size. The lesion size, including lesion-to-
bone width and axial cortical involvement, were calculated based on anteroposterior
or lateral radiographs (Figure 1). The lesion-to-bone width was calculated by the
maximum ratio of lesion width to transverse width at the level of the lesion. Axial
cortical involvement was measured by the largest longitudinal measurement of the
entire lesion. The degree of pain was evaluated according to the Numerical Rating
Scale. A score of 1-5 was defined as mild pain and 6-10 as severe pain.

Prediction of fracture risk

A modified scoring system was proposed to predict the risk of fracture, using
variables including lesion-to-bone width, axial cortical involvement, lesion type, and
severity of pain (Table 1). We hypothesized that these variables were the risk factors
for fracture. To validate the proposed scoring system, patients were scored by two
blinded reviewers.

Statistical analysis

Univariate analysis was conducted using Fisher’s exact test or chi-square test for
categorical data (e.g., gender, histological diagnosis, anatomical site, etc.), or using
Student’s t-test for continuous data (e.g., age) between the fracture and non-fracture
groups. A P < 0.05 was considered statistically significant. Non-conditional logistic
regression analysis was used to identify potential risk factors. Fracture-related
variables at a P value of 0.05 or less on univariate analysis were placed in a non-
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Table 1 Variables for calculation of score

Score
Risk factor 0 1 2 3
Lesion-to-bone width None 1/3 1/3-2/3 >2/3
Axial cortical involvement None <20 mm 20-30 mm > 30 mm
Pain None Mild severe
Lesion type Blastic Mixed Lytic

Jaishideng®

conditional logistic regression equation. The interobserver reliability was determined
by the interclass correlation coefficient. The diagnostic performances were detected at
different cutoff values. The receiver operator characteristic (ROC) curve was drawn
and applied to area calculation.

RESULTS

Ninety-six patients were included in this study. We included 55 boys and 41 girls with
an average age of 8.3 years (range: 2.2-15.2 years). Twenty-five patients had a simple
bone cyst, 18 aneurysmal bone cyst, 19 fibrous dysplasia, 11 non-ossifying fibroma, 15
Langerhans histiocytosis, 4 endochondroma, and 4 osteoblastoma. Thirty-three lesions
were located in the upper limb and 63 in the lower limb. Univariate comparisons
between the fracture and non-fracture groups showed a statistical difference in lesion
type, pain, lesion-to-bone width, and axial cortical involvement (P < 0.05). No
significant differences in age, sex, histological diagnosis, and lesion location were
found between the two groups (Table 2). Clinical and radiographic features, including
lesion type, pain, lesion-to-bone width, and axial cortical involvement, were assessed
using non-conditional logistical regression analysis to determine whether any of these
features were associated with fracture. Lesion type [P = 0.021, odds ratio (OR) = 3.247],
pain (P = 0.007, OR = 2.847), lesion-to-bone width (P = 0.039, OR = 2.362), and axial
cortical involvement (P = 0.047, OR = 1.885) were independent risk factors for
pathologic fracture.

The mean and median values of different observers are shown in Table 3. No
significant differences were found between the two observers. The interclass
correlation coefficient was 0.984. The mean score of the fracture group was 7.89,
whereas the mean score of the non-fracture group was 6.01 (Table 4). Compared with
the non-fracture group, the fracture group showed a significantly higher mean score (P
=0.00).

Diagnostic indices, including sensitive, specificity, positive predictive, negative
predictive, accuracy, and Youden indexes calculated across varying cutoff levels, are
shown in Table 5. When the cutoff value was 7, a sensitivity of 70% and a specificity of
80% can be reached for detecting patients with fractures. The Youden index was 0.5,
which was the maximum value, indicating the highest diagnostic efficiency. The curve
of fracture probability illustrated that fracture risk changed with increasing score
(Figure 2). As shown in Figure 3, the area under the ROC curve was 0.814, which
demonstrated that the scoring method gave an acceptable level of accuracy.

DISCUSSION

Accurate assessment of pathological fracture risk for benign bone lesions is important
in clinical decision making. However, studies on benign bone lesions in pediatric
populations are limited because of a lack of understanding of the natural history of
benign bone disorders[12]. Many surgeons treat these patients surgically in the light of
personal experience, individual radiographic criteria, or some combination[3,13]. In
our study, we present a modified scoring method predicting the risk of pathological
fracture in pediatric patients based on four variables as scoring parameters. This
predictive tool can be used to evaluate the fracture risk associated with by the lesion
and provide a reference for surgical decision-making.
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Table 2 Comparison of demographic characteristics between the fracture and non-fracture groups

Fracture group (n = 40) Non-fracture group (n = 56) Pvalue
Characteristic

Mean (SD) Mean (SD) Univariate
Age (yr) 81+3.6 83+35 0.77
Sex
Females 24 31 0.65
Males 16 25
Histological diagnosis 0.58
Simple bone cyst 10 15
Aneurysmal bone cyst 7 11
Fibrous dysplasia 8 11
Non-ossifying fibroma 8 8
Langerhans histiocytosis 6 9
Endochondroma 8 1
Osteoblastoma 3 1
Lesion location 0.33
Upper limp 16 17
Lower limp 24 39
Lesion type 0.021
Osteolytic 28 29
Mixed 12 19
Osteoblastic 0 8
Pain 0.004
Severe 12 4
Mild 17 22
None 11 30
Lesion-to-bone width 0.006
Size >2/3 24 15
1/3<Size<2/3 14 30
Size<1/3 2 10
Axial cortical involvement
> 30 mm 31 24 0.002
30 mm = Size > 20 mm 5 12
<20 mm 4 20

SD: Standard deviation.

Kaelin and MacEwen[12] documented the natural history of simple bone cysts (SBC)
in several patients. They used bone cyst index (BCI) to determine the risk of fracture.
They suggested that a high risk of fracture was present when BCI in SBC was greater
than 4 for the humerus and greater than 3.5 for the femur. However, Vasconcellos et al
[14] demonstrated that BCI could not predict the risk of fracture accurately because of
poor diagnostic performance and low reliability. Ahn and Park[15] reported that
lesions with cortical involvement > 85% in children with SBC were associated with
increased fracture risk. No specificity or sensitivity data were given in that study.
Arata et al[16] reported transverse cortical involvement exceeded 50% and vertical
length exceeded 33 mm in lower-extremity non-ossifying fibromas were predictors of
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Table 3 The mean and median values for interobserver variability of score

Total population Fracture group Non- fracture group
Observer

No. patient Mean Median No. patient Mean Median No. patient Mean Median
A 9% 6.88 7 40 7.98 8 56 6.01 6
B 9% 6.91 7 40 8.00 8 56 6.12 6

No. patient Score Mean (SD) P value
Fracture group 40 5-10 7.98 (1.37) 0.00
Non-fracture group 56 3-9 6.01 (1.55)

SD: Standard deviation.

Table 5 Diagnostic efficiency at different cutoff value

Score Fracture Non- Sensitivity Specificity Positive predictive Nega!tiv.e Accuracy Fractur.e . .Youden
fracture value predictive value probability index

3 0 4 100% 7% 43% 100% 46% 0 0.07

4 0 4 100% 14% 45% 100% 50% 0 0.14

5 3 11 92% 34% 50% 86% 58% 0.08 0.31

6 3 15 85% 64% 60% 85% 71% 0.15 0.41

7 6 11 70% 80% 72% 79% 76% 03 05

8 12 8 40% 95% 84% 69% 72% 0.6 0.35

9 12 3 10% 100% 100% 61% 63% 0.9 0.1

10 4 0 0% 100% 0% 58% 58% 1 0

1.2

1.0

0.8 |

0.6

0.4 4

Probability of fracture

0.2 4

0.0 PY

12

Score

Figure 2 Probability of fracture as related to change in score.

pathologic fracture. Nevertheless, none of these studies could accurately predict the
occurrence of pathologic fracture prospectively, and each of these approaches reported
for the prediction of fracture is suitable for only a specific lesion or location.

Recently, additional studies, including computerized tomography (CT) or magnetic
resonance imaging, have been applied for assessment of fracture risk[17]. Snyder et al
[18] introduced CT-based structural rigidity analysis for prediction of pathological
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fracture in pediatric patients with benign skeletal neoplasms. Reduction equal to or
greater than 33% in rigidity was at high risk for pathologic fracture. Leong et al[19]
further validated this method in a prospective study. Although CT-based structural
rigidity analysis was more accurate than findings obtained by plain radiography for
fracture prediction, there were some limitations, including the requirement of normal
contralateral bone for comparison and exposure to high doses of radiation. Pireau et al
[20] reported that the cyst index calculated on T1-weighted magnetic resonance
imaging was considered as the best predicting factor for fracture in SBC. However, this
method does not apply to other types of benign bone lesions.

In 1989,a scoring system was proposed by Mirels, which is widely referenced in
clinical practice[21]. The Mirels scoring system evaluates the fracture risk based on the
location of the lesion, lesion size, radiographic appearance, and severity of pain. The
score of each section ranges from 1 to 3 with a total score of 4 to12. Different
management strategies are recommended according to different scoring statuses.
When the Mirels score was 9 or higher, prophylactic fixation was considered as a
treatment recommendation. However, this guideline is appropriately applied only to
adults with metastatic bone disease. Referring to the method described by Mirels, we
introduced a similar method to evaluate the risk of fracture for children with benign
bone lesions. By comparing demographic features between fracture patients and non-
fracture patients in our study, potentially important variables were identified and
confirmed in non-conditional logistical regression analysis. Our results showed that
the lesion site was not an independent risk factor of clinical fracture. Pain, lesion type,
and size were identified as predictive variables. Therefore, the lesion site was not
assigned to be a variable in our proposed modified scoring system. The size of the
lesion was given more weight, namely, lesion-to-bone width and axial cortical
involvement were endowed with an ascending score ranging from 1 to 3, respectively.
Lesion type and pain were separately granted score from 0 to 2. Through retrospective
analysis of 96 patients using the modified scoring system, we found a cutoff of 7 gave
the optimum combination of specificity and sensitivity. The overall accuracy was 76%,
and fracture probability was 30%. ROC curve analysis demonstrates that the modified
scoring system had acceptable accuracy and had a similar area under the curve with
the Mirels scoring system[10]. The ultimate goal of predicting pathological fractures is
to inform rational treatment strategies for the prevention of pathological fractures.
Therefore, we set a score of 7 as borderline. A lesion with a score > 7 is an indication
for prophylactic stabilization because of high fracture risk, while a lesion with a score
<7 is evaluated as low fracture risk without the need for prophylactic stabilization.

An important advantage of our proposed scoring system is that it is a simple, rapid,
and convenient method. However, this study has some limitations. First, the study
was carried out at a single institution and in a retrospective fashion, so potential biases
were present in case selection. Second, the number of patients in each type of bone
lesion was relatively small and limited the generalizability of this scoring system.
Finally, other factors that affect fracture risk should be taken into account. There is a
need for a prospective, multicenter, large-scale trial to validate and expand this
assessment method of fracture risk.
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CONCLUSION

Increasing pain, osteolytic appearance, lesion-to-bone width (> 2/3), and axial cortical
involvement (> 30 mm) are risk factors for pathological fracture. The modified scoring
system is possibly a useful tool in clinical decision-making for clinicians. Lesions with
a total score > 7 indicate a high risk of a pathologic fracture, when prophylactic
internal fixation should be recommended. A total score < 7 is associated with a low
risk of a pathologic fracture, and prophylactic internal fixation is not recommended.

ARTICLE HIGHLIGHTS

Research background
A method regarding the appropriate assessment of fracture risk in long bone lesions
affected by benign tumor is lacking.

Research motivation
We performed this study to determine an appropriate approach to assess the fracture
risk in children with benign bone lesions of long bones.

Research objectives

The purpose of this study was to investigate the risk factors of pathological fracture
and to propose a modified scoring system for quantitative analysis of the pathologic
fracture risks.

Research methods

We retrospectively analyzed the histological diagnosis, anatomical site, radiographic
appearance, severity of pain, and lesion size of 40 patients who had fractures through
a benign bone lesion and 56 who had no fracture at our institution.

Research results

Through retrospective analysis of 96 patients using our proposed scoring system, we
found the cutoff was 7 in consideration of the optimum combination of specificity and
sensitivity. The overall accuracy was 76% and fracture probability was 30%. The
receiver operator characteristic curve analysis demonstrates that the modified scoring
system is good regarding accuracy and has a similar area under the curve with the
Mirels scoring system.

Research conclusions

We set score of 7 as borderline. Lesion with a score > 7 is an indication for prophylactic
stabilization because of high fracture risk, while lesion with a score < 7 is evaluated as
low fracture risk without concern for prophylactic stabilization.

Research perspectives

In follow-up work, a prospective, multicenter, large-scale study will be conducted to
validate and improve our proposed scoring system for assessment of the fracture risk
in children with benign bone lesions of long bones.
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