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Abstract
Purpose  There is no consensus on the type of surgical treatment of congenital pseudarthrosis of the clavicle due to its rar-
ity. The purpose of this study is to provide evidence in favor of a surgical technique and to explore factors correlated with 
bone consolidation.
Methods  Systematic review of the literature and an analysis of the data for each subject, including all available subjects 
from the published series and clinical cases since 1990. Fisher’s exact tests or T-tests were used to evaluate the effect of 
independent variables (age at surgery and type of treatment) on bone healing.
Results  The literature search provides 305 articles; 30 were selected, reporting 191 patients and 194 clavicles. One hundred 
and fifty-one clavicles were operated on at a mean age of nine years and four months (from 8 months to 21 years). Thirteen 
clavicles (8, 6%) had not consolidated at the last follow-up. Concerning the type of fixation, the rate of healing was similar 
for plates and pins (p = 0.27). The rate of consolidation was higher with autograft than with allograft, xenograft, or no graft 
(p = 0.00001), and was 100% for vascularized graft. The mean age at surgery was higher for patients who healed at the last 
follow-up (118 vs. 61 months, p = 0.001).
Conclusion  In the event of surgical indication for congenital pseudarthrosis of the clavicle, it is recommended to perform 
autograft and stable fixation (level 4) after seven years old (level 4).
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Introduction

Congenital pseudarthrosis of the clavicle (CPC) is a very 
rare condition.

In a newborn or young child, diagnosis usually faces 
a non-painful tumefaction of the middle part of the 
clavicle. Sometimes, it is detected fortuitously on imaging 
assessments for another reason [1]. A plain X-ray shows an 
interruption of the clavicle with rounded bone extremities 
and no callus (Figs. 1, 2, and 3). The gap between the 
extremities may be of various widths. CPC is a diagnosis 
of exclusion: low age, no history of previous fracture, 
painless lesion with an increasing size following the 
growth [2].

During physical examination, special attention must be 
paid to signs of neurofibromatosis type 1 (café-au-lait spots, 
family history, etc.) or cleidocranial dysplasia (abnormal 
fontanelle and dental anomalies).

Histologically, both bone extremities are covered with 
growth cartilage [2]. Such an anomaly seems to result from 
the failed coalescence of the two primary ossification cen-
tres of the clavicle [3]. However, the true mechanism of the 
pseudarthrosis is still unknown, and multiple familial cases 
might suggest a possible genetic transmission [2].
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The high position of the right subclavian arteries would 
be a factor of compression or interposition between the two 
fragments and could explain the very strong predominance 
on the right side. However, bilateral forms are possible; 
therefore, a bilateral X-ray is always required.

No clear consensus is established about the indications of 
the surgery, age at surgery, type of fixation, or bone graft [1–3].

This study aims to perform a systematic review of the lit-
erature on the results of various surgical treatments, includ-
ing statistical analysis, based on individual patient data to 
explore the factors correlated with healing.

Materials and methods

This review has been submitted and registered to the PROS-
PERO website https://​www.​crd.​york.​ac.​uk/​PROSP​ERO/ 
with the number CRD42018106025.

This report has been prepared according to Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines, as suggested by the Enhancing the 
Quality and Transparency Of health Research (EQUATOR) 
network [4].

As this is a literature review, ethics committee approval 
is not required.

Eligibility criteria

The aim of this study was to analyze all case series and case 
reports of congenital pseudarthrosis of the clavicle.

Articles were screened for interventions. They were 
included if they clearly reported the type of treatment (or 
lack of treatment) and the outcome at the last follow-up 
(healing, yes/no). Articles that reported only conservative 
treatment were excluded. All other types of documents were 
not retained, i.e., surgical techniques, letters to the editor, or 
instructional pieces.

Search strategy

The electronic databases, EMBASE, MEDLINE/
PubMed, Science Direct, Scopus, and Web of Knowledge, 
were searched from 1990 to December 31, 2020, for 
keywords, “congenital” + “clavicle” + “pseudarthrosis” or 
“pseudoarthrosis.”

To be comprehensive, bibliographies of relevant reviews 
and selected studies were examined. Reviews, historical, and 
major articles were manually added.

Study selection was performed in two stages by paired 
reviewers (first and last author), screening independently and in 
duplicate. Titles and abstracts were screened in the first stage, 
followed by a full-text screening on potentially eligible citations.

Fig. 1   Example of congenital pseudarthrosis of clavicle (personal 
case) before surgery

Fig. 2   The same patient immediately after the fixation of the plate

Fig. 3   The same patient 21 months after plate fixation
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Data collection process

The same paired reviewers extracted the data independently 
and in duplicate using electronic data extraction forms. Disa-
greements were resolved by consensus or through discussion 
with a third investigator (2nd author). The selection of the 
articles is summarized in the PRISMA diagram (Fig. 4).

Statistical analysis

A “meta-type” analysis of patients’ individual data 
(characteristics of each case retrieved) was performed to increase 
evidence of factors that could influence healing. Therefore, the 
statistical analysis using PredictMed was based on individual 

patient data to mimic a case–control study [5]. Fisher’s exact 
tests or T-tests were used to compare data between patients with 
and without healing at the last follow-up [5].

Results

Database query yielded 305 articles (Fig. 4); after deleting 
duplicates, we retained 295 articles.

Two hundred fifty five abstracts did not meet the inclusion 
criteria, so 40 titles were selected for a complete reading. 
After a thorough reading, eight others were excluded. In 
total, the literature search found 32 articles between 1990 

Fig. 4   PRISMA flow chart
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and 2020. Three articles were not found in the international 
databases: one in an Indian journal, a second in a Russian 
journal, and the third from an Italian journal. Unfortunately, 
we failed to contact the authors to obtain a copy.

An article of 1988 was added manually. The analysis, 
therefore, covers 30 papers, allowing us to collect a total of 
191 patients and 194 clavicles.

In all, 12 patients had associated anomalies:  three patients 
had genetic syndromes (a Lemli syndrome, a Prader-Willi 
syndrome, and a rare chromosomal deletion), five had various 
coastal anomalies, three had hypertrophy of the C7 transverse 
process, and one presented a bifurcation of the clavicle.

Surgical data and healing

Overall, on average, 151 clavicles were operated  upon 
at nine  years old and four  months (range: 8  months to 
21 years); 138 had healed at the last follow-up (91%).

The mean age at surgery was higher for patients who 
healed at the last follow-up (118 vs. 61 months, p = 0.001).

The average time of healing, as reported for 82 clavicles, 
was 111 days (range 45 to 252). The average delay between 
surgery and implant removal was nine months and ten days 
(range 2 to 24 months).

At the last follow-up, 13 patients (8.6%) experienced a 
failure at the end of treatment, i.e., persistent pseudarthrosis. 
Of these 13 failures, four had presented a post-operative 
complication: two cases of post-operative infection and two 
cases of protuberance of the pins under the skin. Eleven of 
these patients, however, had a correct function despite the 
failure, and we have no information on the function of the 
other two.

A total of 22 complications were found (15%): infections (5 
cases), pseudarthrosis after a first surgery (10 cases), implant 
fracture (3 cases: 2 plates and one pin), implant protrusion (3 
cases: 2 pins and one plate), and one clavicle fracture at D 10 
after plate removal.

Type of fixation (Table 1)

The choice of the type of fixation varied before 2004; since 
2004, however, there has been a prevalent use of plates 
(Figs. 2 and 3). Overall, we collected 82 fixations by plate 
and screws (70 healed after a first surgery, eight needed 
a surgical revision, and four did not heal), 35 by pins or 
wires (28 healed after a first surgery and one after surgical 
revision), nine bone sutures (6 healed), and four others (all 
healed). In 21 cases, we have no precision about the type of 
fixation. Whatever the type of fixation (p = 0.27), the bone 
healing rate was similar.

Bone graft

It is noted that since 2007, the autograft has been con-
stant, and since 2015, there have been uses of vascularized 
grafts, i.e., induced membrane and vascularized fibula.

Overall, 111 autografts (mostly from the iliac crest), 
eight allografts, two xenografts, two induced membranes 
with autografts, and one vascularized fibula were found; in 
four cases, the types of the graft were not specified, and in 
23 cases, there was no bone graft. The rate of healing was 
higher for autograft than for allograft, xenograft, or no graft 
(p = 0.00001).

Discussion

This update confirms that congenital pseudarthrosis of 
the clavicle is rare and that few associated anomalies can 
be highlighted. Contrary to the literature [6], we found no 
case of associated neurofibromatosis.

About three-fourths of the reported cases underwent 
surgery. This ratio is probably overestimated, as conserv-
ative treatments are less reported than surgical options.

The question of the need for surgery is not answered in 
this review. However, two attitudes are described: either 
systematic intervention [7] or waiting for functional issues 
or weakness [2, 8, 9]. In favor of systematic intervention, 
the general attitude facing a malformation is repairing “ad 
integrum” in order to allow normal functioning. Experience 
from adults shows that nonunion after midshaft clavicle 
fracture can lead to weakness and pain, in addition to social 
issues. Rigid internal fixation with autogenous bone graft 
(mainly iliac crest) has been shown to reach more than 80% 
of union rate in adults [10]. However, there is no consensus 
on the restoration of the clavicular length. If acute fractures 
with more than 20-mm shortening provide worse results and 
altered shoulder kinematic after non-operative treatment [11], 
length restoration after nonunion does not seem to be efficient 
on clinical results [12].

In favour of conservative treatment until functional issues, 
subjective evaluation of upper extremity function with the 
Constant-Murley score is often similar to the unaffected 
shoulder [9]. This is a common finding in congenital bone 
anomalies due to early adaptation of function.

As already reported, CPC healing may be long and 
require multiple procedures. The overall healing ratio is 
found to be about 90%, which is consistent with previous 
reports. Patients and parents must be clearly informed 
before carrying any surgical indication that complications 
are described in 15% of cases.
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Surprisingly, the early age at surgery was associated 
with a lower healing ratio, while some authors [1, 13, 14] 
indicate early surgery between  four and six years, argu-
ing that the healing potential would be higher earlier in 
life. In our opinion, the higher rate of healing for older 
patients may be more related to the quality and stability 
of the fixation as bone segments are of higher dimensions.

Concerning the bone graft, the autologous iliac crest has 
provided better results than synthetic, heterologous, or no graft.

Vascularized transplants have been recently reported in 
3 successful cases. However, they require either a two time 
procedure (induced membrane) or a complex procedure with 
microsurgery (vascularized fibula). From these preliminary 
results and experience with other sites of congenital 
pseudarthrosis, such techniques can be useful in case of 
revision surgery or large bone defect [5, 15].

Regarding bone fixation, this analysis has not allowed 
us to highlight the superiority of the pins or plates. How-
ever, recent literature reports mostly plates, which is prob-
ably related to the availability of locking plates. Therefore, 
we cannot provide evidence-based recommendations but a 
simple expert opinion in favour of locking plates.

Author contribution  All the authors contributed to the study concep-
tion and design. Material preparation, data collection, and analysis 
were performed by Federico Solla and Carlo Bertoncelli. The first draft 
of the manuscript was written by Cédric Assouto and Federico Solla, 
and all the authors commented on previous versions of the manuscript. 
All the authors read and approved the final manuscript.

Cédric Assouto performed the study and wrote the article.
Marc-Olivier Gauci supervised the study, wrote, and revised the 

article.
Sikha Bagui supervised the study, wrote, and revised the article.

Table 1   Individual patient data

First author Number of clavicle 
operated

Fixation Average age of surgery 
(months)

Bone union

Stephen B. [16] 6 Plate 106 Yes
Legaye J. [17] 1 ? ? ?
Schoenecker [18] 5 Plate ? Yes
Köster G [19] 2 Pins 66 Yes
Malawski [20] 1 Screw ? ?
Cadilhac C. [21] 17 14 plates-3 pins 76 Yes (14)-No (3 plates)
Lorente Molto [22] 7 7 pins 72 Yes
Dzupa [23] 1 Plate 54 Yes
Güneş T [24] 1 Plate 252 Yes
ETTL V [13] 3 Plate 72 Yes
Lelei [25] 1 Plate 240 Yes
R Ullot Font [6] 5 4 plates-1 pin 100 Yes (4)-No(1 pin)
IN-Ho JEON [26] 1 Plate 222 Yes
Beslikas TA [27] 1 External fixator 72 Yes
Persiani [1] 17 9 plates-8 pins 76 Yes
Sponer [28] 1 Plate 192 Yes
Glotzbecker M P [29] 1 Vascularized fibula/screw 48 Yes
Currarino G [30] 4 Plate 72 Yes
Chandran P [31] 11 5 pins-6 plates ? Yes (10)- No (1 pin)
Elliot R [32] 2 Plate 60 No (Xenograft)
Galanopoulos [8] 1 Plate 108 Yes
Narender K.M [33] 1 Plate 252 Yes
Salman Ghaffari [34] 1 Plate 120 Yes
Abdellaoui H [35] 1 Induced membrane/pin 168 Yes
Di Gennaro [36] 19 18 pins-1 plate 85 Yes (14)-No (5)
Studer [14] 8 Plate 85 Yes
Farikou [37] 1 ECMES 84 Yes
Giwnewer [38] 3 Plate 67 Yes
Haddad [39] 4 Induced membrane/pin 115 Yes
ARIN E. [40] 24 Surgical cord (9)-plate (15) 8 Yes
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