
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 December 16; 9(35): 10746-11121

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I December 16, 2021 Volume 9 Issue 35

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 35 December 16, 2021

REVIEW

Management of acute kidney injury in gastrointestinal tumor: An overview10746

Su YQ, Yu YY, Shen B, Yang F, Nie YX

Application of vascular endothelial cells in stem cell medicine10765

Liang QQ, Liu L

MINIREVIEWS

Application of traditional Chinese medicine in treatment of Helicobacter pylori infection10781

Li RJ, Dai YY, Qin C, Huang GR, Qin YC, Huang YY, Huang ZS, Luo XK, Huang YQ

ORIGINAL ARTICLE

Case Control Study

Impact of cytomegalovirus infection on biliary disease after liver transplantation - maybe an essential 
factor

10792

Liu JY, Zhang JR, Sun LY, Zhu ZJ, Wei L, Qu W, Zeng ZG, Liu Y, Zhao XY

Blood tests for prediction of deep endometriosis: A case-control study10805

Chen ZY, Zhang LF, Zhang YQ, Zhou Y, Li XY, Huang XF

Retrospective Cohort Study

Association between neutrophil-to-lymphocyte ratio and major postoperative complications after carotid 
endarterectomy: A retrospective cohort study

10816

Yu Y, Cui WH, Cheng C, Lu Y, Zhang Q, Han RQ

Application of MAGnetic resonance imaging compilation in acute ischemic stroke10828

Wang Q, Wang G, Sun Q, Sun DH

Retrospective Study

Ninety-four thousand-case retrospective study on antibacterial drug resistance of Helicobacter pylori10838

Zhang Y, Meng F, Jin J, Wang J, Gu BB, Peng JB, Ye LP

Adjacent segment disease following Dynesys stabilization for lumbar disorders: A case series of mid- and 
long-term follow-ups

10850

Chen KJ, Lai CY, Chiu LT, Huang WS, Hsiao PH, Chang CC, Lin CJ, Lo YS, Chen YJ, Chen HT

Identification of independent risk factors for intraoperative gastroesophageal reflux in adult patients 
undergoing general anesthesia

10861

Zhao X, Li ST, Chen LH, Liu K, Lian M, Wang HJ, Fang YJ



WJCC https://www.wjgnet.com II December 16, 2021 Volume 9 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 35 December 16, 2021

Value of the controlling nutritional status score and psoas muscle thickness per height in predicting 
prognosis in liver transplantation

10871

Dai X, Gao B, Zhang XX, Li J, Jiang WT

Development of a lipid metabolism-related gene model to predict prognosis in patients with pancreatic 
cancer

10884

Xu H, Sun J, Zhou L, Du QC, Zhu HY, Chen Y, Wang XY

Serum magnesium level as a predictor of acute kidney injury in patients with acute pancreatitis10899

Yu XQ, Deng HB, Liu Y, Qu C, Duan ZH, Tong ZH, Liu YX, Li WQ

Pedicle complex tissue flap transfer for reconstruction of duplicated thumbs with unequal size10909

Wang DH, Zhang GP, Wang ZT, Wang M, Han QY, Liu FX

Minimally invasive surgery vs laparotomy in patients with colon cancer residing in high-altitude areas10919

Suo Lang DJ, Ci Ren YZ, Bian Ba ZX

Observational Study

Surgery for chronic pancreatitis in Finland is rare but seems to produce good long-term results10927

Parhiala M, Sand J, Laukkarinen J

Association of overtime work and obesity with needle stick and sharp injuries in medical practice10937

Chen YH, Yeh CJ, Jong GP

Serum gastrin-17 concentration for prediction of upper gastrointestinal tract bleeding risk among peptic 
ulcer patients

10948

Wang JX, Cao YP, Su P, He W, Li XP, Zhu YM

Predictive risk scales for development of pressure ulcers in pediatric patients admitted to general ward 
and intensive care unit

10956

Luo WJ, Zhou XZ, Lei JY, Xu Y, Huang RH

META-ANALYSIS

Clinical significance of signet ring cells in surgical esophageal and esophagogastric junction 
adenocarcinoma: A systematic review and meta-analysis

10969

Wang YF, Xu SY, Wang Y, Che GW, Ma HT

Percutaneous biliary stent combined with brachytherapy using 125I seeds for treatment of unresectable 
malignant obstructive jaundice: A meta-analysis

10979

Chen WY, Kong CL, Meng MM, Chen WQ, Zheng LY, Mao JT, Fang SJ, Chen L, Shu GF, Yang Y, Weng QY, Chen MJ, Xu 
M, Ji JS

CASE REPORT

Prenatal ultrasonographic findings in Klippel-Trenaunay syndrome: A case report10994

Pang HQ, Gao QQ



WJCC https://www.wjgnet.com III December 16, 2021 Volume 9 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 35 December 16, 2021

Immunoglobulin G4-related lymph node disease with an orbital mass mimicking Castleman disease: A 
case report

10999

Hao FY, Yang FX, Bian HY, Zhao X

Treatment for subtrochanteric fracture and subsequent nonunion in an adult patient with osteopetrosis: A 
case report and review of the literature

11007

Yang H, Shao GX, Du ZW, Li ZW

Early surgical intervention in culture-negative endocarditis of the aortic valve complicated by abscess in 
an infant: A case report

11016

Yang YF, Si FF, Chen TT, Fan LX, Lu YH, Jin M

Severe absence of intra-orbital fat in a patient with orbital venous malformation: A case report11024

Yang LD, Xu SQ, Wang YF, Jia RB

Pulmonary Langerhans cell histiocytosis and multiple system involvement: A case report11029

Luo L, Li YX

Complete androgen insensitivity syndrome caused by the c.2678C>T mutation in the androgen receptor 
gene: A case report

11036

Wang KN, Chen QQ, Zhu YL, Wang CL

Ultrasound guiding the rapid diagnosis and treatment of perioperative pneumothorax: A case report11043

Zhang G, Huang XY, Zhang L

Chronic colchicine poisoning with neuromyopathy, gastric ulcers and myelosuppression in a gout patient: 
A case report

11050

Li MM, Teng J, Wang Y

Treatment of a giant low-grade appendiceal mucinous neoplasm: A case report11056

Xu R, Yang ZL

Thoracoscopic resection of a large lower esophageal schwannoma: A case report and review of the 
literature

11061

Wang TY, Wang BL, Wang FR, Jing MY, Zhang LD, Zhang DK

Signet ring cell carcinoma hidden beneath large pedunculated colorectal polyp: A case report11071

Yan JN, Shao YF, Ye GL, Ding Y

Double-mutant invasive mucinous adenocarcinoma of the lung in a 32-year-old male patient: A case report11078

Wang T

Acute myocarditis presenting as accelerated junctional rhythm in Graves’ disease: A case report11085

Li MM, Liu WS, Shan RC, Teng J, Wang Y

Lingual nerve injury caused by laryngeal mask airway during percutaneous nephrolithotomy: A case 
report

11095

Wang ZY, Liu WZ, Wang FQ, Chen YZ, Huang T, Yuan HS, Cheng Y



WJCC https://www.wjgnet.com IX December 16, 2021 Volume 9 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 35 December 16, 2021

Ventricular fibrillation and sudden cardiac arrest in apical hypertrophic cardiomyopathy: Two case 
reports 

11102

Park YM, Jang AY, Chung WJ, Han SH, Semsarian C, Choi IS

Rhizopus microsporus lung infection in an immunocompetent patient successfully treated with amphotericin 
B: A case report

11108

Chen L, Su Y, Xiong XZ

Spermatocytic tumor: A rare case report11115

Hao ML, Li CH



WJCC https://www.wjgnet.com X December 16, 2021 Volume 9 Issue 35

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 35 December 16, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Luca Morelli, FACS, FASCRS, MD, Associate Professor, 
Division of General Surgery, Department of Traslational Research and of New Surgical and Medical Technologies, 
University of Pisa, Pisa 56124, Italy. luca.morelli@unipi.it

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J 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 WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.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

December 16, 2021 https://www.wjgnet.com/bpg/GerInfo/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@wjgnet.com  https://www.wjgnet.com

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


WJCC https://www.wjgnet.com 11007 December 16, 2021 Volume 9 Issue 35

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 December 16; 9(35): 11007-11015

DOI: 10.12998/wjcc.v9.i35.11007 ISSN 2307-8960 (online)

CASE REPORT

Treatment for subtrochanteric fracture and subsequent nonunion in 
an adult patient with osteopetrosis: A case report and review of the 
literature

Hao Yang, Guo-Xi Shao, Zhen-Wu Du, Zheng-Wei Li

ORCID number: Hao Yang 0000-
0002-6798-8987; Guo-Xi Shao 0000-
0003-0551-2323; Zhen-Wu Du 0000-
0003-0342-0353; Zheng-Wei Li 0000-
0002-3795-1016.

Author contributions: Yang H and 
Shao GX conducted the literature 
review; Yang H and Shao GX 
contributed to the drafting of the 
manuscript; Du ZW collected the 
medical records of this case; Li ZW 
was the chief surgeon of the 
patient, Li ZW was responsible for 
the revision of important contents 
of the manuscript; and all authors 
have read and approved the final 
version of the manuscript.

Informed consent statement: 
Written informed consent was 
obtained from the patient for 
publication of this report and any 
accompanying images.

Conflict-of-interest statement: The 
author states that there is no 
conflict of interest in the 
publication of this article.

CARE Checklist (2016) statement: 
The authors have read the CARE 
Checklist (2016), and the 
manuscript was prepared and 
revised according to the CARE 
Checklist (2016).

Country/Territory of origin: China

Hao Yang, Guo-Xi Shao, Zhen-Wu Du, Department of Orthopedics, The Second Hospital of Jilin 
University, Changchun 130041, Jilin Province, China

Zheng-Wei Li, Departments of Orthopedics, The Second Hospital of Jilin University, Changchun 
130041, Jilin Province, China

Corresponding author: Zheng-Wei Li, MD, PhD, Associate Professor, Doctor, Reader 
(Associate Professor), Surgeon, Departments of Orthopedics, The Second Hospital of Jilin 
University, No. 218 Ziqiang Street, Nanguan District, Changchun 130041, Jilin Province, 
China. lizhengwei@jlu.edu.cn

Abstract
BACKGROUND 
As a congenital metabolic bone disease caused by defective osteoclastic resorption 
of immature bone, osteopetrosis is characterized by diffused sclerosis of bones, 
brittle bones, easy fracturing, narrow medullary canals, and a weak fracture 
healing ability. At present, clear standards and principles for the treatment of 
fractures in patients with osteopetrosis are lacking. Non-operative treatment can 
prevent fracture hematoma and preserve the blood supply to the bone fragments, 
while being associated with frequent failures and higher mortality rates. 
Meanwhile, closed reduction and internal fixation with intramedullary nail (CRIF 
+ IMN) approaches can also protect blood supply to the fracture site. However, 
IMN cannot be used for the vast majority of patients with osteopetrosis due to the 
narrowing of medullary canals. Thus, open reduction and internal fixation with 
plate remains the most appropriate surgical method for treating fractures in 
patients with osteopetrosis, but this approach is complicated by the lack of 
intramedullary hematopoiesis in such patients. Fracture healing primarily 
depends on the blood supply to the external periosteum. Open reduction can also 
easily destroy the periosteum and cause delayed fracture healing or even 
nonunion; however, CRIF may be the most practical approach. As a result, it 
would be prudent to solve the difficulty of drilling during the operation and the 
problem of postoperative nonunion.

CASE SUMMARY 
In 2018, we treated an adult patient with osteopetrosis presenting with a 
subtrochanteric fracture. The fracture was fixed using a femoral locking 
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compression plate. Because of delayed consolidation, at 12 mo postoperatively the 
patient was further treated with platelet-rich plasma (PRP) combined with radial 
extracorporeal shock wave therapy (rESWT). Antero-posterior and lateral 
radiographs obtained at the latest follow-up (10 mo) showed that the callus had 
grown at the original fracture site, and the medial fracture line almost 
disappeared.

CONCLUSION 
Osteosynthesis remains the first choice of treatment approach for fractures in 
patients with osteopetrosis, especially peritrochanteric fractures. Preoperative 
preparation is necessary to avoid risks such as drill bit breakage and iatrogenic 
fracture during the operation. Moreover, fractures in a patient with osteopetrosis 
present with a high risk of delayed union and nonunion, which can be potentially 
cured with PRP + rESWT.

Key Words: Osteopetrosis; Subtrochanteric fracture; Nonunion; Platelet-rich plasma; 
Radial extracorporeal shock wave therapy; Case report

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

Core Tip: Osteopetrosis is a rare clinical disease which heightens the risk of fractures, 
but it is significantly difficult to perform surgical treatments in patients with 
osteopetrosis. Numerous risks such as drill bit breakage and iatrogenic fracture exist 
during the operation, which can lead to the failure of treatment. We present herein, a 
case of a subtrochanteric fracture in an adult patient with osteopetrosis that was fixed 
using a femoral locking compression plate. The postoperative consolidation was 
delayed, and the patient was subsequently treated with platelet-rich plasma (PRP) 
combined with radial extracorporeal shock wave therapy (rESWT). This case 
highlights the ultimate importance of preoperative preparation to avoid the potential 
risks of surgical failure. Furthermore, fractures in a patient with osteopetrosis have a 
high risk of delayed union and nonunion, which might be cured by PRP combined with 
rESWT.

Citation: Yang H, Shao GX, Du ZW, Li ZW. Treatment for subtrochanteric fracture and 
subsequent nonunion in an adult patient with osteopetrosis: A case report and review of the 
literature. World J Clin Cases 2021; 9(35): 11007-11015
URL: https://www.wjgnet.com/2307-8960/full/v9/i35/11007.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i35.11007

INTRODUCTION
Osteopetrosis is a group of rare genetic diseases characterized by overly dense bones 
throughout the body[1,2]. Among the three types of osteopetrosis, autosomal recessive 
osteopetrosis (ARO) exhibits the most serious clinical symptoms, which generally 
manifest in infancy in the form of developmental malformations and abnormalities of 
multiple organs and systems, truly being a life-threatening disease[3].

Meanwhile, another form of osteopetrosis, autosomal dominant osteopetrosis 
(ADO), presents with mild symptoms[3,4], emerging in adulthood in most patients. 
The characteristic clinical manifestations of ADO include systemic bone sclerosis and 
narrowing, or even occlusion, of the medullary canal[5]. Moreover, the increased bone 
density actually weakens the bone, leading to a heightened risk of fractures[6].

Currently, there is no clear consensus on whether conservative or surgical 
treatments should be adopted for fractures in patients with osteopetrosis [7]. It is 
generally believed that non-operative treatment regimens should be selected for 
children, adolescents, and most of the patients presenting with upper limb fractures
[8]. However, conservative treatment of femoral intertrochanteric, subtrochanteric, and 
femoral neck fractures can easily cause coxa vara deformities, delayed bone union, or 
nonunion[9]. In regard to these fractures, surgical treatment has been previously 
associated with more favorable prognoses[8]; however, surgical methods come with 
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their own set of technical challenges. First, fixation with plate or intramedullary nail is 
particularly difficult due to increased bone density[10]. Second, there is an increased 
risk of iatrogenic fractures because of the brittle nature of the bones[11,12]. Finally, 
there is also a postoperative risk of delayed consolidation and nonunion because of 
impaired bone remodeling[13].

The current paper reports a case of a subtrochanteric fracture in an adult patient 
with osteopetrosis that was fixed using a femoral locking compression plate. The 
postoperative consolidation was delayed, and the patient was subsequently treated 
with platelet-rich plasma (PRP) combined with radial extracorporeal shock wave 
therapy (rESWT). Herein, we report the diagnosis and treatment process and the 
results of a 10 mo follow-up.

CASE PRESENTATION
Chief complaints
A 38-year-old male patient was admitted to our emergency department at The Second 
Hospital of Jilin University with complaints of hip pain, swelling, and limitation of 
motion due to a fall.

History of present illness
The patient suffered from swelling, pain, and limited movements of his left hip due to 
an accidental fall. He was subsequently rushed to a local hospital and diagnosed with 
"osteopetrosis and pathological fracture of the proximal femur" by X-ray examination. 
He came to our hospital for further diagnosis and treatment 9 h after injury.

History of past illness
The patient had no relevant medical history prior to the injury, and no history of 
surgery or blood transfusion.

Personal and family history
The patient denied any history of genetic disorders or inbreeding in his family, and 
stated that his childhood development was normal.

Physical examination
The patient’s vital signs were as follows: Temperature of 36.4 °C, heart rate of 86 bpm, 
respiratory rate of 20 breaths per minute, blood pressure of 134/84 mmHg, and 99% 
oxygen saturation in room air. Subsequent physical examination on admission 
revealed slight swelling of the left hip and left thigh, local tenderness and percussion 
pain, and limited movement of the left hip, with good flexion and extension of the left 
knee, left ankle, and left toe. The skin sensation of the left lower limb was slightly 
decreased. Meanwhile, the pulse of the left dorsal pedis artery and peripheral 
perfusion were good.

Laboratory examinations
Main abnormal indicators were as follows: Parathyroid hormone 111.90 pg/mL, urine 
specific gravity 1.010, uric acid 520 µmol/L, D-dimer 1.39 µg/mL, fibrinogen 
degradation product 6.8 µg/mL, blood phosphorus 1.61 mmol/L, white blood cell 
count 10.6 × 109/L, neutrophil percentage 84.1%, and lymphocyte count 11.3%.

Meanwhile, the main normal indicators were as follows: Hb 152g/L, PLT 144.5 × 109

/L, PT 11.0 s, APTT 25.6 s, TT 13.6 s, U-BIL(-), UBG(-), KET(-), BLD(+-), Calcitonin 3.86 
pg/mL, TPOAb 36 U/mL, TG-Ab < 15.0 U/mL, FT3 4.45 pmol/L, and FT4 13.34 
pmol/L.

Imaging examinations
Plain X-ray imaging illustrated discontinuous cortical bone of the left proximal femur, 
separation and displacement of the bone fragments, increased bone density of pelvic 
bones and bilateral femurs, thickened cortical bone, and narrowed bone marrow canal 
(Figure 1).
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Figure 1 X-ray and three-dimensional reconstructive computed tomography of the patient after injury. A: Antero-posterior radiograph of the 
pelvis showing increased bone density of pelvic bones and bilateral femurs, thickened cortical bone, and narrowed bone marrow canal; B and C: Antero-posterior and 
lateral preoperative radiographs of the left subtrochanteric fracture; D: 3D reconstructive computed tomography of the left subtrochanteric fracture showed 
discontinuous cortical bone of the left proximal femur, and separation and displacement of the bone fragments.

FINAL DIAGNOSIS
Subtrochanteric fracture and osteopetrosis.

TREATMENT
Since the results of physical, imaging, and laboratory examinations indicated no 
contraindications, an operation was performed on the second day after admission. We 
chose the open reduction method and internal fixation with femoral locking 
compression plate to treat the fracture. First, general anesthesia was administered 
during the operation. We employed a bone holding device and Kirschner wire for 
temporary fixation. Facing the difficulty of drilling during the operation, we opted to 
use a low-speed and high torque electric drill, changing the drill bit several times and 
assisting with physiological saline cooling. Although the operation time was 
prolonged, the surgery was completed successfully (Figure 2).

OUTCOME AND FOLLOW-UP
After the operation, the patient received supportive treatment for prevention of 
infection and anticoagulants, and there were no perioperative or postoperative 
complications. The patient was transferred to a local hospital for follow-up treatment 
on the 7th day after operation. At 2, 3, and 10 mo postoperatively, plain radiography 
was performed, which showed that the fracture line was still clearly visible, with no 
obvious signs of fracture healing (Figure 3). Unfortunately, the follow-up 
demonstrated nonunion of the bone. After consultations with the treating physicians, 
the patient accepted treatment with three PRP + rESWT sessions. Antero-posterior and 
lateral radiographs obtained at the latest follow-up (10 mo after the last treatment) 
illustrated that the callus had grown at the original fracture site, and the medial 
fracture line almost disappeared (Figure 4).
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Figure 2 Postoperative X-ray images. The imaging results showed that internal fixation was accurate, with good apposition and alignment.

Figure 3 Plain radiography at 2, 3, and 10 mo postoperatively showed that the fracture line was still clearly visible, with no obvious signs 
of fracture healing. A: X-ray at 2 mo after operation; B: X-ray at 3 mo after operation; C: X-ray at 10 mo after operation.

The patient also walked and participated in many daily activities without any 
unusual complaints. However, there was a risk of plate fracture and refracture, since 
the lateral cortex had not achieved bone healing, even though the medial side healed. 
In this regard, the patient and his family were informed of the risk, and an iliac bone 
graft was recommended (pelvic CT examination revealed the presence of a certain 
amount of cancellous bone in the iliac bone). The patient and his family members 
expressed their understanding, but refused to accept the surgical treatment. It remains 
to be seen how this situation will be resolved in the long term.

DISCUSSION
Osteopetrosis, first reported by Albers-Schönberg in 1904, is precipitated by genetic 
mutations that result in the failure of osteoclast differentiation or functions and lead to 
reduced bone resorption. Consequently, all body’s bones become hard and brittle like 
marble due to inefficient resorption, so the condition is also known as “marble bone 
disease”, as well as “Albers-Schönberg disease”[14]. In addition, since the number and 
activity of osteoclasts are decreased, the patients with osteopetrosis present with an 
increased risk of developing hypocalcemia, which can further cause epilepsy and 
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Figure 4 Antero-posterior and lateral radiographs of the left femur. A: Antero-posterior and lateral radiographs of the left femur before platelet-rich 
plasma (PRP) + radial extracorporeal shock wave therapy (rESWT); B: Antero-posterior and lateral radiographs of the left femur showing the callus growing at the 
original fracture site, and the medial fracture line almost disappeared 10 mo after three PRP + rESWT sessions.

hyperparathyroidism. Meanwhile, in infants, the disease not only impairs the bone 
remodeling system, but also causes myelopoiesis disorder due to narrowing of the 
medullary cavity, and secondary hepatosplenomegaly due to excessive 
extramedullary hemopoiesis[15]. Skeletal deformities of the head and face can also 
lead to hydrocephalus and stenosis of nerve foramen, which may damage optic and 
facial nerves[16]. A large proportion of children afflicted with osteopetrosis do not 
survive till adulthood, which represents a serious problem to parents all over the 
world[14]. In the case of a mild adult type of osteopetrosis, only the whole-body bone 
mass is increased and the medullary canals are narrowed, which do not result in 
developmental malformation and other abnormalities.

Further adding to the plight, the standards and principles for the treatment of 
fractures in patients with osteopetrosis are not yet clearly formulated[7]. Armstrong et 
al[8] conducted a survey of the membership of the Pediatric Orthopedic Society of 
North America, which incorporated the experience of 57 surgeons who treated 79 
fractures in patients with osteopetrosis, with their findings illustrating that the 
majority of patients with osteopetrosis were successfully treated using the conser-
vative approach. On the other hand, they also observed that non-operative treatment 
of femoral intertrochanteric, subtrochanteric, and femoral neck fractures could 
precipitate coxa vara deformities and delayed bone union or nonunion. In another 
study, Birmingham and McHale[9] treated a patient presenting with autosomal-
dominant osteopetrosis, a subtrochanteric fracture, and an ipsilateral femoral neck 
fracture with a hip spica cast after 6 wk in traction. During the follow-up, they found 
that 2.5 years after the injury, the subtrochanteric fracture was united and in slight 
varus and external rotation. Furthermore, Kim et al[13] employed the intramedullary 
nailing (IMN) approach to treat two cases of adult osteopetrosis with subtrochanteric 
fractures. In the first case, IMN left a gap at the fracture site because the distal 
fragment was not effectively reamed, and the patient showed delayed union and 
subsequently underwent a dynamization procedure 6 mo postoperatively, which 
resulted in bone healing 10 mo after the dynamization. The second patient presented 
with a bilateral subtrochanteric fracture. The left femur fracture healed 8 mo after 
IMN, while on the right side, the patient underwent open reduction and internal 
fixation with a locking plate, as the medullary canal was too short and narrow. 
Intramedullary fixation was excluded, but the fracture line still did not disappear 20 
mo after the operation. Moreover, Amit et al[17] treated subtrochanteric fractures in 
two patients with osteopetrosis by means of open reduction and internal fixation with 
a locking plate, and both the patients achieved bone healing 21 and 23 wk after 
operation, respectively.

Additionally, surgical treatment of patients with osteopetrosis presents with 
heightened difficulty compared to ordinary fracture patients. There is a certain risk of 
drill bit breakage and iatrogenic fracture during the operation, which can lead to 
failure of treatment[9-12]. However, as long as preoperative preparations and corres-
ponding surgical strategies are well formulated in a timely manner, surgical treatment 
is still heralded as the first-choice treatment for fractures in patients with osteopetrosis
[7,18,19]. Unfortunately, regardless of whether the operation is successful or not, the 
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risk of delayed union or even nonunion still persists[18].
The hard-done work of our peers has highlighted that the risk of the aforemen-

tioned delayed postoperative union and the nonunion associated with impaired bone 
remodeling[13,20]. To elaborate, Matsuo et al[21] reported the case of an osteopetrosis 
patient presenting with a femoral shaft fracture below a plate who underwent open 
reduction and internal fixation with locking plate and wire cerclage. During follow-up, 
they observed that fracture healing was delayed postoperatively, and the plate 
fractured 14 mo after operation. The occurred fracture healed after treatment with a 
double locking plate. In the case of our patient, we did not rely on steel wire fixation, 
as we believe that plate fixation is accurate and provides enough stability. Steel plate 
fixation was performed following the AO principles, which indicate the use of a plate 
length greater than three times the fracture in comminuted fractures, and plate length 
greater than eight to ten times the fracture length in simple fractures. The principles 
further suggest a screw/plate ratio of less than 0.5 to create a long lever arm and 
decrease the bending loads on the distal screws. Lastly, a span of at least two or three 
screw holes should be left open over the fracture to decrease stress concentration[22,
23]. We speculate that the reasons for poor healing may be linked to insufficient blood 
supply and osteogenetic factors. There is a wide variety of methods to promote bone 
healing for clinicians. Although autologous bone grafting is deemed as the “gold-
standard” approach, it is associated with complications and additional treatment costs
[24]. Nevertheless, there is no doubt that autogenous bone graft can augment fracture 
healing, but for patients with no obvious defects after fracture reduction[25], the usage 
of autogenous bone graft or even reamed nail + bone graft at the first operation 
remains to be further discussed. In our patient, the limb function was respectable, and 
accordingly he did not want to proceed with treatment associated with potential 
trauma. As a result, we tried to employ some minimally invasive methods to improve 
the probability of fracture healing, such as haemopoietic stem cell transplant (HSCT), 
PRP, and extracorporeal shock wave therapy (ESWT).

Various authors have highlighted the ability of HSCT to effectively restore normal 
bone resorption and hematopoiesis in severe autosomal recessive osteopetrosis[26], 
while also being associated with many potential adverse effects, including acute 
rejection, graft vs host disease, and veno-occlusive events[27]. Meanwhile, PRP is a 
well-known plasma product obtained by centrifugation and fractionation of 
autologous venous blood. The concentrated platelets can be used to produce various 
growth factors, such as PDGF, factor-β, VEGF, FGF, and others[28]. In addition, several 
in vitro studies have indicated that PRP can promote neovascularization[29] and 
enhance osteoprogenitor cell proliferation and differentiation[30,31]. However, many 
scholars still doubt the clinical effectiveness of PRP[32,33]. Lastly, ESWT is a physical 
stimulation therapy, which includes focused (fESWT) and radial (rESWT) therapy 
types[34,35]. In our case, we employed the rESWT type, which uses compressed air or 
a magnetic field to emit projectiles. The projectiles strike a metal applicator placed on 
the patient’s skin to generate stress waves[35], and these waves get transmitted into 
tissues and stimulate the process of bone fracture healing[36-39]. Furthermore, 
Kertzman et al[38] employed the rESWT approach to treat 22 patients with bone non-
union, 16 of whom achieved bone union after 6 mo. ESWT is widely used in the 
treatment of delayed union and nonunion of fracture and appears to be an effective 
treatment with no obvious complications[39].

CONCLUSION
Osteosynthesis is regarded as the first-choice treatment approach for fractures in 
patients with osteopetrosis, especially peritrochanteric fractures. Meanwhile, if the 
condition of medullary canal permits, the preferred choice is closed reduction and 
intramedullary nailing. However, for most patients with osteopetrosis, only open 
reduction and plate fixation are allowed, and there is a significantly higher risk of 
delayed union and nonunion in patients with osteopetrosis compared to normal 
patients. In order to solve this problem, low trauma intervention such as PRP and 
rESWT can be tried.
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