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Review Article

Surgical treatment, complications and preventive surgery of 
fractures in pycnodysostosis: a systematic review

Maria Beatrice Bocchi1,2^, Osvaldo Palmacci1, Nadia Bonfiglio1,2, Cristina Giuli1,2, Giulio Maccauro1,2, 
Raffaele Vitiello2,3

1Department of Orthopaedics, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome, Italy; 2Department of Orthopedics, Università 

Cattolica del Sacro Cuore, Rome, Italy; 3Department of Orthopedics, Clinic Villa Stuart, Rome, Italy

Contributions: (I) Conception and design: MB Bocchi, O Palmacci; (II) Administrative support: R Vitiello; (III) Provision of study materials or 

patients: MB Bocchi, G Maccauro; (IV) Collection and assembly of data: C Giuli, N Bonfiglio; (V) Data analysis and interpretation: MB Bocchi, R 

Vitiello; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Maria Beatrice Bocchi. Department of Orthopedics, Università Cattolica del Sacro Cuore, Largo Francesco Vito, 1, 00168 Rome, 

Italy. Email: m.beabocchi@gmail.com.

Background: Pycnodysostosis (PYCD) is a rare genetic disorder causing skeletal dysplasia. It is inherited 
in an autosomal recessive manner, and it is caused by a gene mutation leading cathepsin K (CTSK) 
deficiency. PYCD is characterized among many by short-limbed short stature, typical facial appearance and 
osteosclerosis with increased bone fragility. The altered bone quality typical of this disease cause the bones to 
be fragile and brittle with the medullary canal present while often narrowed so as a result, these individuals 
have an increased fracture rate.
Methods: A systematic review of the literature indexed in PubMed, MEDLINE, and Cochrane Library 
databases using as search terms “pycnodysostosis fracture” was performed in January 2022. To be considered 
for this review at least a section of the population understudy needed to be affected by PYCD, bone fracture 
and the treatment performed needed to be explicit. Literature focused on maxillofacial manifestations/
surgery were excluded. The methodological quality of the studies was assessed using the modified Coleman 
methodology score (mCMS).
Results: Only 23 studies met the inclusion criteria and were included in the review. The reached 
population consisted of 36 patients for a total of 57 fractures secondary mainly to low energy trauma (91%). 
Fractures occurred mainly in long bones, 54% were femur and 26% were tibia. The 60%. Of fractures were 
treated surgically. Bony union was achieved at an average of 11 months after surgery/trauma. The most 
frequent complications reported were refracture (19%) and pseudoarthrosis (31%). Six femur “impending 
fracture” cases have also been reported.
Conclusions: Treatments such as intramedullary nailing or internal plate fixation offer continuous 
support for the delayed bone healing and the high risk of refracture in PYCD which are the most common 
complications. Prolonged follow-up over time could help these patients with a rare disease to treat and 
sometimes prevent disease-related events. To date, therefore, there are no standardized guidelines on this 
matter.
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Introduction

Pycnodysostosis (PYCD) is a rare genetic disorder 
causing skeletal dysplasia (1). Approximately 200 affected 
individuals have been reported in the medical literature (2). 
It is inherited in an autosomal recessive manner and often 
recurs in families where the parents are consanguineous (1).  
PYCD belongs to a larger group of diseases known as 
lysosomal storage disorders and it is caused by a gene 
mutation leading cathepsin K (CTSK) deficiency (3-5). 
CTSK enzyme is involved in bone remodeling and highly 
expressed in osteoclasts resulting in abnormal storage of 
toxic materials in lysosomes hindering the physiological 
bone resorption (6,7). The severity of the disorder can vary 
greatly among affected individuals (8).

This condition is characterized by short-limbed short 
stature (9), typical facial appearance (frontal bossing, 
prominent nose with convex nasal ridge, midface retrusion 
and prominent eyes with blueish sclera) (10,11), dental 
abnormalities (12,13), osteosclerosis with increased bone 
fragility (14), brachydactyly with nail anomalies (15) and 
delayed closure of the cranial sutures (16,17).

Regarding laboratory findings growth hormone 
deficiency and low insulin-like growth factor 1 (IGF-1) 
levels are characteristic (18).

The diagnosis can be established in a proband with 
characteristic clinical and radiographic features (acro-
osteolysis, generalized and progressive osteosclerosis, 
clavicular dysplasia and loss of the normal angle of the jaw 
are almost pathognomonic) (1).

The altered bone quality typical of this disease cause 
the bones to be fragile and brittle with the medullary canal 
present while often narrowed. As a result, individuals with 
PYCD have an increased fracture rate with an average  
0.2 fractures per year (9) and delayed healing with 
incomplete remodeling. Surgical fixation is therefore quite 
challenging and often complicated by narrow medullary 
canals, and sclerotic bone with an increased risk of 
intraoperative iatrogenic fracture (19).

To date, there are no published standard treatment 
guidelines for PYCD nor any indication as to the best 
surgical intervention for fracture treatment in this condition.

The aim of our work was to systematically review the 
current literature available on this matter focusing on the 
issues and features of the management and treatment of 
PYCD patients with fractures. We present the following 
article in accordance with the Preferred Reporting Items 
for Systematically Reviews and Meta-Analyses (PRISMA) 

reporting checklist (available at https://jxym.amegroups.
com/article/view/10.21037/jxym-22-19/rc).

Methods

A systematic review of the literature indexed in PubMed, 
MEDLINE, and Cochrane Library databases using as 
search terms “pycnodysostosis fracture” was performed 
in January 2022. To minimize the number of missed 
studies, no filters were applied to the search strategy. The 
bibliography of the selected studies was accurately searched 
by hand, to identify further studies not found during the 
electronic search. No restrictions were applied concerning 
the date of publication nor the language. The title of the 
journal, name of authors, or supporting institutions were 
not masked at any stage.

The PRISMA was followed as reported in Figure 1. In 
ordered to be considered for this review the articles needed 
to present some inclusion criteria: at least a section of the 
population understudy needed to be affected by PYCD, 
bone fracture, the treatment performed needed to be 
explicit. Literature focused on maxillofacial manifestations/
surgery were excluded.

Abstracts and full texts were independently screened by 
two authors (MBB and OP), any discordance was solved by 
consensus with a third author (RV). The methodological 
quality of the studies was assessed using the modified 
Coleman methodology score (mCMS) (20). Each article was 
evaluated by two independent investigators (MBB and NB); 
in cases with more than a five-point difference between 
their rating, the discrepancy was solved by consensus 
with a third author (GM). The mCMS ranges from 0 to 
100 points, representing a well-designed study with no 
bias or confounding factors. All the selected studies were 
retrospectively analyzed by an author (MBB) who then 
extracted and entered the data in an Excel worksheet. The 
collected data included: main author, year of publication, 
article type, mCMS, patient age and gender, kind of trauma, 
fracture number and site, fixation performed, bony union 
achieved and potential complications. Lastly, the data sheet 
was reviewed by two authors (OP and CG) who agreed on 
the extracted data.

Results

Demographic data

The searches resulted in 94 articles. Following the PRISMA 

https://jxym.amegroups.com/article/view/10.21037/jxym-22-19/rc
https://jxym.amegroups.com/article/view/10.21037/jxym-22-19/rc
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Figure 1 PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematically Reviews and Meta-Analyses.
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91 records identified through database 

searching: MEDLINE and cochrane 

94 records after duplicates removed 68 record excluded

26 records screened 3 full-text articles excluded

23 full-text articles assessed for eligibility

23 studies included in qualitative synthesis

3 additional records identified through 

other sources

flow chart (21), 23 articles were relevant to the general topic 
area and were finally included in the review (14,19,22-42) 
(Table 1).

Among the studies there were 4 case series and 19 case 
reports. According to the mCMS evaluation, the mean 
score of the studies reached was 23 points (10–34 points) as 
in Table 1.

We reached a population of 36 patients, equally divided 
between males and females. All the cases collected in the 
selected articles considered patients affected by PYCD 
diagnosed at different ages. Only one-third of the study 
population was indeed pediatric, while two-third were adult 
age (Table 1).

Fractures rate, location, and treatment

We studied a total of 57 fractures secondary mainly to low 
energy trauma (91%, 52/57) (Table 2).

Based on the data analyzed, fractures occurred mainly in 
long bones, often bilateral: 54% (31/57) and 26% (15/57) 
of cases were respectively femur and tibia fractures. As for 
the remaining affected districts: 1 patella fracture, 2 pelvis 
fractures, 3 clavicula fractures, 3 forearm fractures, and 
finally 2 spinal fractures as showed in Table 2. Regarding the 
54% of femur fractures in question, 13% (4/31) occurred in 
the proximal femur, while the remaining 87% (27/31) were 
diaphyseal. All 4 proximal femur fracture cases were treated 

with open reduction and internal fixation with plate and 
screws.

The diaphyseal femur fractures were treated as follow: 
15% (4/27) with external fixator, 48% (13/27) with plate 
and screws, 26% (7/27) with intramedullary nailing, and 
eventually 11% (3/27) were treated conservatively. As for 
tibia fractures were reported exclusively shaft fractures: 20% 
(3/15) were treated with external fixator, 13% (2/15) with 
plate and screws, 13% (2/15) with intramedullary nailing, 
and finally 53% (8/15) were treated conservatively.

Outcomes

Only 13 authors focused on fracture healing and bony union 
timescales. As far as reported, bony union was achieved at 
an average of 11 months after surgery/trauma (range, 3 to 
36 months).

Eleven authors reported complications in their 
experience, in particular: refracture occurred in 19% of 
cases (11/57), pseudoarthrosis in 30% (17/57) and finally 
infections of the implanted devices occurred in 3% of cases 
(2/57) (Table 3).

Discussion

PYCD is a rare genetic skeletal dysplasia characterized 
by a combination of specific features. The skeleton of 
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Table 1 Demographic data

Ref. Year of publication Manuscript category mCMS
Gender Age

M F ≤18 years >18 years

Mahmoudi et al. (22) 2020 Case Report 15 1 – 1 –

Grewal et al. (19) 2019 Case Series 29 2 – 2 –

Hirozane et al. (23) 2015 Case Report 28 – 1 – 1

Hepp et al. (14) 2019 Case Report 27 – 1 1 –

Rabelo et al. (24) 2015 Case Series 27 2 3 – 5

Zitouna et al. (25) 2018 Case Report 14 1 – – 1

He et al. (26) 2016 Case Report 10 1 – – 1

Song et al. (28) 2017 Case Report 30 – 1 – 1

Delgado González et al. (31) 2021 Case Report 29 1 – – 1

Bor et al. (30) 2011 Case Report 32 – 1 – 1

Yuasa et al. (29) 2015 Case Report 29 – 1 – 1

Romans et al. (42) 2020 Case Report 29 – 1 1 –

Ornetti et al. (27) 2008 Case Report 10 – 1 – 1

Sánchez Lázaro et al. (41) 2014 Case Report 19 1 – – 1

Yates et al. (32) 2011 Case Report 20 1 – – 1

Singh et al. (33) 2014 Case Report 15 1 – 1 –

Rovira Martí et al. (40) 2016 Case Series 12 3 2 3 2

Hashem et al. (39) 2015 Case Report 26 – 1 – 1

Kundu et al. (34) 2004 Case Report 29 1 – – 1

Nakase et al. (35) 2007 Case Series 34 3 2 – 5

Matar et al. (37) 2014 Case Report 20 – 1 1 –

Berenguer et al. (36) 2012 Case Report 22 – 1 1 –

Roth et al. (38) 1976 Case Report 27 – 1 – 1

mCMS, modified Coleman methodology score.

these patients is characterized by dense bone with thick 
cortices because of the altered bone turnover typical of this  
disease (43). Nevertheless, despite the high density of the 
bone, the long bones are brittle such that minimal trauma 
can easily lead to fracture, often being “spontaneous” (19), 
and refractures. To date, by virtue of the rarity of this 
condition, the debate about the proper management of 
patients affected by PYCD is still open, especially when 
it comes to fractures. From the data we collected it seems 
clear that the surgical approach and the device are entirely 
at surgeon’s discretion (44). Despite the bone peculiar 
characteristics of this disease, some authors have preferred 

intramedullary nailing as being effective in preventing 
refracture, due to the permanent fixation and in obtaining 
physiological alignment (30,35). Despite the successful 
data emerged, Delgado González et al. (31) and Kundu 
et al. (34) described the difficulties encountered during 
nailing in their experience; among them the reaming of the 
medullary canal that resulted challenging sometimes even 
leading to breakage of the drills. Because of the narrow 
medullary, occasionally lacking (24), and the osteosclerotic 
bone the option of closed intramedullary nailing was 
discarded by many authors over time who have therefore 
planned an open reduction and internal fixation with plate 
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Table 2 Fracture rate, location, and treatment

Ref.
Fracture 

rate

Location Treatment

Femur Tibia Other
Plate 

fixation
Intramedullary 

fixation
External 
fixation

Conservative

Mahmoudi et al. (22) 1 – 1 – – – – 1

Grewal et al. (19) 5 4 1 – 2 – 2 1

Hirozane et al. (23) 1 – – Patella – – – 1

Hepp et al. (14) 4 – 2 Pelvis [2] – – – 4

Rabelo et al. (24) 12 9 1 Clavicula; ulna 6 – – 6

Zitouna et al. (25) 1 – – C2–C3 posterior arch – – – 1

He et al. (26) 1 – – Clavicula – – – 1

Song et al. (28) 1 1 – – – 1 – –

Delgado González et al. (31) 1 1 – – – 1 – –

Bor et al. (30) 5 2 2 Olecranon – 3 – 2

Yuasa et al. (29) 1 1 – – 1 – – –

Romans et al. (42) 1 1 – – 1 – – –

Ornetti et al. (27) 1 – – L3 pedicle – – – 1

Sánchez Lázaro et al. (41) 2 – 2 – 2 – – –

Yates et al. (32) 1 1 – – 1 – – –

Singh et al. (33) 1 1 – – – – – 1

Rovira Martí et al. (40) 6 2 2 Clavicula; radius 2 1 – 6

Hashem et al. (39) 1 1 – – – 1 – –

Kundu et al. (34) 1 1 – – – 1 – –

Nakase et al. (35) 6 3 3 – – 1 5 –

Matar et al. (37) 1 1 – – 1 – – –

Berenguer et al. (36) 1 – 1 – – – – 1

Roth et al. (38) 2 2 – – 2 – – –

Total 57 31 15 11 18 9 7 26

osteosynthesis (42,45). Hashem et al. (39), for example, 
finding problematic to enter the canal despite the use of 
guide wires and reamers, rescheduled the second surgery 
as a plate fixation. Even this technique, however, was not 
without its difficulties. According to Yuasa et al. (29) the 
drilling, particularly in the femoral neck, was quite difficult. 
Similarly also Roth et al. found challenging the insertion 
of a four-flanged nail due to the sclerotic bone (38). Some 
authors have therefore tried to overcome this by frequently 
changing the drill-bit (39) and irrigating constantly with 
cold saline to reduce the effects of the heat generated (37).

The choice of  conservat ive treatment i s  often 
controversial: while surgical difficulties due to altered bone 
quality tempt orthopedics to lean toward this option, this 
same choice imposes long periods of bed rest in patients 
with inherent difficulties in bone healing.

Fracture healing times were not made explicit in more 
than half of the papers under review and therefore, no 
conclusions could be drawn. Singh et al. (33) and similarly 
Mahmoudi et al. (22) have defined the consolidation times 
as “normal”, having thus found no differences in their 
experience compared with non-syndromic patients. On the 
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Table 3 Outcomes

Ref. Bony union (months)
Complications

Refracture Pseudoarthrosis Infection Other

Mahmoudi et al. (22) – – – – –

Grewal et al. (19) – 4 – – –

Hirozane et al. (23) 15 – 4 – –

Hepp et al. (14) – – 8 – –

Rabelo et al. (24) 6 – 1 – –

Zitouna et al. (25) – – – – –

He et al. (26) – – – – –

Song et al. (28) 4 – – – –

Delgado González et al. (31) 6, 12 – – – –

Bor et al. (30) 4 2 – – –

Yuasa et al. (29) 3 1 – – 1*

Romans et al. (42) 6 – – – –

Ornetti et al. (27) – – 1 – –

Sánchez Lázaro et al. (41) – – – – –

Yates et al. (32) – – 1 – –

Singh et al. (33) – – – – –

Rovira Martí et al. (40) – 2 1 – –

Hashem et al. (39) 12 – – 1 –

Kundu et al. (34) 3 – – – –

Nakase et al. (35) 36, 6, 32, 29, 12 2 1 1 –

Matar et al. (37) – – – – –

Berenguer et al. (36) – – – – –

Roth et al. (38) 9 – – – –

Total 11 11 17 2 1

*, avascular femoral head necrosis.

contrary, most authors made explicit how recovery times 
are much longer and more troublesome; Nakase et al. have 
reported the longest healing time (35).

In terms of complications, it seems clear that the most 
frequent is pseudoarthrosis highly dependent on the 
intrinsically altered blastic and clastic functions according 
to Rabelo et al. (24).

An imbalance between an increase in bone formation 
and a reduction in bone resorption could explain the 
increase in skeletal fragility in this condition and thus the 
high rate of fractures and refractures (32). The treatment 

in case of refracture again strictly depends on the surgeons’ 
experience. These data highlight the importance of long-
term follow-up in this population due to the high risk 
of refracture, along with the already high propensity for 
experiencing other fractures, and to the recurrent cases of 
pseudarthrosis. To date, significant records about the risk 
of postoperative infection rate in these patients are not 
available, however literature shows that patients with PYCD 
are more likely to develop osteomyelitis of the jaws after 
surgical procedure (46).

Our data show a low rate of infections related to bone 
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fracture amounting to 3%. Nakase et al. (35) reported a 
deep infection occurred at the site of nail insertion 2 weeks  
after surgery for which debridement and irrigation were 
performed while the nail was not removed. Four weeks 
after surgery, Hashem et al.’s (39) patient presented with 
persistent drainage of a seropurulent fluid through a  
2 cm dehiscence from which methicillin-resistant S. aureus 
(MRSA) was isolated. Initially it was treated with oral 
antibiotics with poor signs of improvement, so debridement 
and irrigation were performed again without removing 
the nail. Finally, a single case of necrosis of the femoral 
head after treatment of an atypical subtrochanteric femoral 
fracture was described by Yuasa et al. (29), treated with 
cementless total hip arthroplasty followed by fixation of the 
fracture with cable and plate system.

Six “impending fracture” cases have also been reported 
found as an occasional finding or because of persistent pain 

(28,29,31,34,38,39). All cases concerned the femur and 
preventive surgical treatment specular to the contralateral 
femur was performed in all but one case which was instead 
treated conservatively. In all cases treated surgically, the 
surgery was performed synchronously to the contralateral. 
One exception was a single case in which the patient refused 
the surgery at first. Thus, it seems clear that there is a 
unanimous opinion regarding the preventive treatment of 
the impending fractures typical of this condition.

The papers subject of the present literature review had 
several methodological issues, particularly when considering 
the procedure in assessing the outcomes. Furthermore, 
the study population was too small due to the fact that 
almost all the studies were case reports and therefore the 
patient’s follow-up was often too short. However, except 
a few articles, most studies reported in detail the surgical 
technique specifying even any difficulties encountered 
(Tables 2,3).

Limitations

The present study has plenty of limitations especially 
because of the type of articles subject of this Systematic 
Review. For this reason, the final conclusions deduced 
within the study are limited by the retrospective design, 
highly variable level of detail, and low level of evidence of 
the included studies.

Conclusions

This review shows that treatments such as intramedullary 

nailing or internal plate fixation, in addition to providing 
mechanical support and alignment, offer continuous 
support for the delayed bone healing and the high risk of 
refracture in PYCD. However, the surgeon’s expertise and 
the unique characteristics of the individual patient still seem 
to guide the treatment choice. To date, therefore, there 
are no standardized guidelines. The level of evidence in 
the included studies is low as expressed by the calculated 
mCMS value, mainly due to the heterogeneity of the 
included articles. Despite the rarity of this condition, 
further studies should be carried out to define the optimal 
surgical management not only of fractures, but also of the 
frequent cases of refracture. In addition, it might be useful 
to investigate whether in bone diseases, such as PYCD, 
arming the long bones preventively may have clinical 
significance in preventive fractures and thus improving the 
patient’s outcome.
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