


ACTA UNIVERSITATIS UPSALIENSIS
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Medicine 1176
Uppsala University Library, Box 510, 75120, Uppsala, Sweden

Jan Nowak

Clavicular Fractures, Epidemiology, Union, Malunion, Nonunion

Dissertation in Surgery to be publicly examined in Stiftets hus, Dragarbrunnsgatan 71,
Uppsala University, on Friday, Oktober 4, 2002 at 1:00 pm for the degree of doctor of
philosophy. The examination will be conducted in English.

Abstract
Nowak, J. 2002. Clavicular Fractures, Epidemiology, Union, Malunion, Nonunion. Acta
Universitatis Upsaliensis. Comprehensive Summaries of Uppsala Dissertations from the
Faculty of Medicine 1176. 80 pp. Uppsala. ISBN 91-554-5385-6

During a three-year period (1989-91), all patients living in the county of Uppsala, Sweden,
with a radiographically verified fracture of the clavicle were prospectively, consecutively
followed (n=245). The epidemiological study (I) was restricted to the two first years with 187
fractures in185 patients. The short term study (II) with 6 months follow-up included 222
patients. The long term study (III) with 10 years follow-up included 208 patients. The
malunion study (IV) included eight patients and the nonunion study (V) 24 patients all of
whom were consecutively operated between 1988-2000.

Displacement, especially with no bony contact in the initial radiographs, was a statistically
significant risk factor for sequelaeComminute fractures, especially if including transversally
placed fragments, were associated with a significantly increased risk of remaining symptoms.
An increasing number of fragments was also associated with an increased risk of sequelae.
Patients with remainig symptoms after 6 months were on average older at the time of injury
as compared to patients without remaining symptoms. Advancing age was also a significant
risk factor for sequelae – specifically pain at rest – still after 10 years.There was no
difference between gender with respect to the risk of sequelae, except for nonunion.
Fracture location did not predict outcome, except for more cosmetic defects (middle part).
Shortening defined as overlapping at the fracture site was a significant risk factor for
cosmetic defects after 10 years.

Patients who experience pain at rest and/or cosmetic defects more than twelve weeks after
the fracture have a higher risk for sequelae.
The radiographic examination should always consist of two projections: the AP (0°) view
and the 45° tilted view. Transversally placed fragments are not seen in the 0° view.
Removal of excessive callus in patients with persistent symptoms even several years after the
fracture showed a good outcome. One does not have to stabilize the clavicle when excising
the hypertrophic callus.

Symptomatic clavicular nonunions should be treated with surgery. Reconstruction plate
combined with cancellous bone gives a faster and more reliable healing rate than external
fixation.

Keywords: Clavicular fractures, Clavicle epidemiology, Clavicle malunion, Clavicle
nonunion, external fixation, prospective
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Structure of the thesis 
During a three-year period (January 1, 1989 to December 31, 1991), all patients 
living in the county of Uppsala, Sweden, with a radiographically verified fracture 
of the clavicle were followed prospectively and consecutively (n=245).

 The epidemiological study (i) was restricted to the two first years with 187
fractures in 185 patients. The short-term and long-term studies included 245
patients at baseline. The 6 month follow-up of the short-term study (ii) involved 
222 patients. The 10 year follow-up of the long-term study (iii) involved 208
patients.
 The malunion study (iv) included eight patients and the nonunion study (v)
24 patients, all of whom were operated consecutively between 1988 and 2000.
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INTRODUCTION 

Etymiology 
Clavicula means "key" and is the dimunitive of clavis in Latin, (in Greek it is 
cleido). Clavis refers to the musical symbol [personal communication, B Sandström, 
1992]. It can also mean key, but its meaning may equally well be a door handle 
[Ljunggren, 1979].

Ossification 
The clavicle is the first bone in the body to ossify, and it does so by 
intramembranous ossification (fifth week of gestation). The medial growth 
plate is responsible for 80% of the length of the clavicle. Ossification occurs 
between 12-19 years of age and fusion to the clavicle occurs between the age of 
22-25. Sternoclavicular dislocations in young adults are in fact epiphysial 
fractures [Cunningham 1931, Craig 1990].

Shape 
The clavicle is S-shaped i.e. concave ventrally-laterally and convex ventrally-
medially. In 1957, de Palma studied, 150 clavicles (75 right and 75 left) and 
found a huge variation in curvature, torsion and inclination of articular surface 
both medially and laterally: "No clavicle presented the same configuration in 
all details" He found a relationship between curvature and length of the clavicle 
but no correlation betweem dominant arm and curvature [de Palma, 1983].
 Harrington and co-authors made cross-sections at 10% increments along the 
length of the clavicle. They found distinct differences in both porosity and 
geometry. The sternal portion had the greatest cross-sectional area and the 
highest porosity. The sternal end of the clavicle has a rounded triangular base. 
The acromial portion is flat and the middle part is more rounded with a 
thicker cortex [Harrington 1993], fig 1.

Length 
Forensic pathologist McCormick and colleagues measured clavicles from 724
persons at autopsy (560 males and 164 females) between the ages of 15 and 96
years. These authors collected data on gender, length of the body and clavicle as 
well as the circumference of the clavicle, to investigate wether the clavicle could 
be used as a predictor of gender. They found that while this could not be done 
in individual cases, a correlation with gender could be found in the population 
as a whole [McCormick 1991]. The lengths of the clavicles are given in table 1.

TABLE 1 BODY LENGTH (CM) AND LENGTH OF THE RIGHT AND LEFT CLACIVLE (CM)
IN MALES AND FEMALES 

Gender Body length   Right clavicle Left clavicle 
Males, n=560, mean (SD) 176,4 (7,3) 15,7 (0,95) 15,9 (0,91) 
Females, n=164, mean (SD) 163,3 (6,6) 14,0 (0,79) 14,1 (0,77) 
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Ligament attachment
Coraco-clavicular lig 
The coraco-clavicular ligaments function as a suspensory ligament, suspending 
the upper extremity and the scapulae with the clavicle. It functions as a single 
ligament but consists of two parts. The posterior/medial portion is the conoid 
ligament. It is cone-shaped and runs from the medial base of the coracoid 
process to the conoid tubercle of the clavicle. The trapezoid ligament has a 
trapezoid configuration and it runs in a lateral and anterior direction to the 
trapezoid line on the undersurface of the acromial part of the clavicle from the 
base of the coracoid process, fig 1a.
 Harris and co-workers found that the insertion of the ligaments showed a 
high degree of variation in 24 specimens. Both ligaments showed nearly 
identical length despite the shorter appearance when viewed anteriorly. The 
trapeziod ligament does not cover 11-15 mm of the undersurface of the lateral 
part of the acromial clavicle [Harris 2001]. The clinical implication of this 
would be to avoid resecting more than 10 mm when doing an acromial 
resection of the clavicle. 

Costo-clavicular lig  
The costo-clavicular ligament attaches on the first costal cartilage and runs to 
the impression on the undersurface of the sternal part of the clavicle [Hollins-
head 1969], fig 1b. 

                   

  1. Costo-clavicular ligament  
  2. Coraco-clavicular ligaments:   2a. Conoid ligament 2b. Trapezoid ligament 
  3. Coraco-acromial ligament 

 Figure 1a. The ligament attachments from a frontal and cephalic view. 
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 Figure 1b. Cross-section of the different parts of the clavicle. 

Ligament function 
Fukuda et al studied the coracoclavicular ligaments and the structures of the 
acromioclavicular joint in 12 specimens from a biomechanical point of view. 
They found that small displacements are limited by the acromioclavicular 
capsule and large displacements are resisted by the coracoclavicular ligaments, 
especially the conoid part [Fukuda 1986], fig 2.

 Figure 2. Relative contributions of different structures in relation to different  
  deegrees of displacement and rotation. 
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Muscle attachment
1. Deltoid m     
2. Trapezius m 
3. Sternocleidomastoid m    
4. Pectoralis maj m 
5. Subclavius m 
There is an area on the clavicle that is not reinforced by muscles and it is also 
the location for most fractures, fig 3a+b. 

            

 Figure 3a. The muscle attachments on the clavicle seen from above. 

              

 Figure 3b. The muscle attachments on the clavicle seen from the front. 
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Blood supply 
Knudsen et al analyzed the arterial supply to the clavicle in ten human 
cadavers. The blood vessels had been injected with a three-plastic component 
material. Three arteries were found to supply the clavicle. The suprascapular 
artery supplies the lateral 4/5 of the clavicle with a posterioinferior relation to 
the bone. The thoracoacromial artery supplies the same area, but with an 
inferoanterior relation to the bone. The internal thoracic (mammary) artery 
supplies the sternal 1/5 of the clavicle and the sternoclavicular joint. The main 
supply was primarily periosteal. No nutrient artery was found [Knudsen 1989].

Nerve supply 
The supraclavicular nerves descend over the clavicle in the superficial fascia, 
superficial to the platysma. They originate from the cervical plexus (C iii-iv).

Elevation and Rotation 
The elevation and rotation of the clavicle are described in several ways by 
different authors. When the arm is elevated up to around 90°, the clavicle 
elevates around 20-25°. During the terminal elevation the clavicle elevates 
another 10-20°.
 The clavicle rotates forward nearly nothing during the first 60° of elevation 
of the arm. The rotation of the clavicle starts at 90° of elevation of the arm and 
progresses in a linear fashion up to 40-50° according to Inman et al when the 
arm is in full elevation. The clinical aspect is to learn when to start at full 
elevation post-operatively [Inman 1946], fig 4a+b. 

Function 
The clavicle is not present in animals that use their forelimbs for standing.  
 It acts as a bony protection for the vessels and for the brachial plexus. As the 
clavicle is S-shaped it rotates upwards and moves backwards during elevation of 
the arm so the anterior curvature clears the underlying structures and does not 
compress them under normal conditions [Telford 1948].
 The clavicle transmits the supporting forces of the trapezius muscle to the 
scapula through the coracoclavicular ligament, and it is also a bony framework 
for muscle origins and insertions which optimize the biomechanics of the 
shoulder under active movement of the arm [Abbot 1954].
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 Figure 4a. The elevation of the clavicle in abduction and forward flex of the arm.

 Figure 4b. The rotation of the clavicle in abduction and forward flex of the arm.
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 Figure 5. Illustration that summarizing the different movements of the clavicle 
  seen from the side and from above, according to Hierholzer 1984. 
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Classification 
Different classification systems of the clavicle are shown in fig 6a-i. It is not the 
purpose at this stage to compare them with the knowledge gained in this thesis, but 
as some of these are used in the clinic, it would be of value to present them here. 
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 Figure 6a-i. Different classification systems of the clavicle. In selected cases,  
  the letters and digits are original, but additions have been made  
  to others in order to facilitate database processing and future  
  statistical calculations. 
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AIMS

The overall aim of this thesis was to:
Investigate and analyze the epidemiology, union, malunion and nonunion of 
clavicular fractures under controlled circumstances which a prospective design 
and realisation accomplish.  

The separate aims of the studies included were to:
Define the age-specific  and gender specific incidence, taking into conside-
ration day and night variation, and weekday and seasonal variation with 
special emphasis on differences between genders. We also analyzed the 
causes of fracture and the fracture site distribution of the clavicle, as well as 
the incidence of nonunion in a well defined population. 

Identify risk factors associated with the outcome of clavicular fractures 
after 6 months and after 10 years, with special reference to sequelae, 
maximum pain (pain during activity), minimum pain (pain at rest), 
strength reduction, cosmetic defects and paresthesia in a well defined 
population.

Describe the clinical results after operation on patients with late onset of 
paresthesia/numbness in the upper extremities due to hypertrophic callus 
formation following a malunited fracture of the clavicle.  

Compare the use of external fixation and a reconstruction plate with the 
use of bone graft for treatment of clavicular midshaft nonunions. 
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PATIENTS, METHODS AND STATISTICS 

Pilot year 
During 1988, a pilot project for the upcoming long-term study of clavicular 
fractures was established. A questionnaire on the diagnostic and treatment 
options of clavicular fractures was sent to slightly more than 80 orthopedic and 
surgical departments in Sweden, in order to gain insight into how these 
fractures were treated at each hospital at that time. 
 Treatment algorithms, protocols and radiographic views were set up for the 
study. During that year, X-rays were taken of the acromial part with the patient 
holding a weight. The result of the X-rays did not add anything more than was 
found in the clinical examination, and furthermore, the procedure was painful 
for the patient, so it was discontinued. 
 The patient got a sling in the form of a triangular bandage (mitella) which 
was the tradition at our hospital and not a figure of eight [Andersen 1987].
 The clavicle project began on January 1, 1989.

Patient logistics  
When the patient (15 years of age or older) sustained a clavicular fracture in the 
county of Uppsala, Sweden, he or she was referred to a trauma unit or an 
emergency office where the fracture was X-rayed in a conventional way.  
 All patients were X-rayed in a standardized way at the first follow-up, see 
“Radiographic views”. All patients got the triangular sling, a certificate for sick-
leave, a prescription of 100 Distalgesic (paracetamol and dextropropoxyphene), 
information about the study and protocols to bring to the next follow-up which 
was on the first upcoming Friday, fig 7-8 and table 2.

 Figure 7. Standardized clavicular treatment kit for the orthopedic surgeon. 
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At the first follow-up, each patient had his or hers radiographic examination 
done and answered two specific questionnaires. The first had all the 
demographic data and the other contained the subjective and objective 
variables. An interview by myself (JN) followed to clarify different aspects and 
details related to the fracture (Study i).
 All patients were examined clinically by me 1, 4, 8, 12 and 24 weeks after the 
time of the fracture. The standardized radiographic examination was done one 
week as well as 24 weeks after the time of the fracture. If the fracture had not 
healed within 24 weeks it was classified as a nonunion (Study ii).
 The only treatment was analgesics and certificates for sick leave. The duration 
of sick leave is a very unspecific variable for measuring healing. Although it was 
registered, we did not use it as an outcome variable. 
 Ten years later, patients between 15-60 years of age at the time of injury were 
seen by me using the same protocol as described above, together with a more 
extended one (Study iii).

TABLE 2 CLINICAL EXAMINATIONS AND RADIOGRAPHIC FOLLOW-UPS

 1st day 1 w 4 w 8 w 12 w 24 w 10 y 
Conventional x-rays X       
Standardized x-rays  X    X (X) 
Clinical examination  X X X X X X 
Demogr, subj, obj protocols  X X X X X X X 

 If there was a malunion with neurological manifestations, the patient was 
not operated because I was hesitant, until 1997 when a patient said he was 
willing to have an operation irrespective of the outcome. As the symptoms 
disappeared the first postoperative day, I was still sceptical but initiated the 
study (Study iv).
 If there was a nonunion and the patient had pain or dysfunction from the 
nonunion an operation was done at least nine months after the trauma (Study v).

Follow-ups and extended questionnaires 
The extended questionnaire was used in all studies together with specific 
assessments for each study. Every patient had baseline data of 46 objective and 
25 subjective variables as well as the Constant-Murley score [Constant 1987].
 In the original Constant-Murley score, range of motion (ROM) is measured at 
the painfree level for the arm. During 1989-1991, ROM was measured as the 
level where the patient stopped spontaneously. ROM was measured consistently 
this way in the long term study to allow comparison with the short term study 
results. In the malunion and nonunion study the ROM was measured at the 
painfree level for the arm. ROM was measured with increments of 30 degrees 
with the patient standing up.  
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Radiographic views  
The patients were placed in a supine position with the arms along the body. 
The X-ray tube was centered over the middle part of the clavicle. The 
sternoclavicular joint and acromioclavicular joint were included. The cassette 
measured 24 x 30 cm. 
 Projection 1 = 0° in the anterior-posterior view on the involved side. 
 Projection 2 = 0° in the anterior-posterior view on the uninvolved side. 
 Projection 3 = 45° tilted cephalic view on the uninvolved side. 
 Projection 4 = 45° tilted cephalic view on the involved side. 
At follow-up, only the involved side was X-rayed. In other words only 
projections 1 and 4 were done [Scharf 1979, Harris 1983].

 Figure 8. Radiographic views  Projection 1 – The (0°) anterior-posterior view 
     Projection 2 – The 45° tilted cephalic view 

Nomenclature 
Fracture locations 
Three different fracture locations were identified; the sternal, middle and 
acromial part. A point just lateral to the conoid tuberosity was defined as the 
dividing line between the acromial part of the clavicle and the middle part. The 
sternal part of the clavicle was defined as the part of the clavicle located medial 
to the lateral border of the first rib. The fracture was classified according to the 
site of the main part of the fracture. 
 The sternoclavicular joint and acromioclavicular joint were included in the 
radiographs.

Location and direction of segments and fragments 
In the literature, there are many synonyms for describing location and direction 
for the main segments of the clavicle and for the fragments. For the main 
segments, "parts" were chosen instead of "thirds" or "zones", as the individual 
main segments differ in length due to where exactly the ligament attaches. 
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Furthermore, we chose  
Acromial instead of lateral, proximal or outer end.  
Middle instead of shaft or diaphys.  
Sternal instead of medial, distal or inner end, fig 9.

 Lateral and medial are used to describe the fragments relation to the main 
segments. To further reduce mistakes, as one is always looking at the clavicle in 
two projections in the X-rays and also when examination the patient, we have 
used the terms cranial instead of superior, caudal instead of inferior, ventral 
instead of anterior and dorsal instead of posterior.  

 Figure 9. Three different fracture locations: sternal, middle and acromial part. 

Fracture types
The fractures were defined as being either transversal, spiral/oblique, angulated, 
intraarticular or comminute. A comminute fracture was defined as being a 
fracture with more than one fragment. 
 In fractures with intermediary fragments, the number and length of each 
fragment was registered, and also whether there was a bony contact or not with 
the main segments. Registration of the fragments proceeded from medial to 
lateral.
 Transversally placed fragments were distinguished as intermediary fragments 
that were located at right angle to the main segments. The transversally placed 
fragments were best seen in the 45° tilted radiographic view.  
 One can also define the intermediary fragments as being “transversally 
placed” or “not transversally placed”. 

Length of the fragments 
Length and width were measured for each fragment in each projection. 

Displacement
Displacement was measured both in 5 mm intervals and at intervals of half the 
bone width of the clavicle, fig 10. One and one-half bone widths indicates that 
the segments have “no bony contact”. 
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Length and shortening of the clavicle  
The length of the clavicle was measured on both X-rays from the most superior 
medial part of the end of the clavicle in the St-Cl joint to the center of the end 
of the clavicle in the AC joint.  
 Shortening was measured in mm on the X-rays at the fracture site and as a 
comparison between the length of the involved and uninvolved clavicle. It was 
defined as being positive if the main segments overlapped by more than 5 mm 
in one or both projections. 
 At the 10 year follow-up, the lengths of both clavicles were measured on the 
patient´s body from the most superior medial part of the clavicle to the center 
of the AC joint on the patient’s body. If there was any doubt about the AC-
joint on one side, the measurement was made in the angle between the clavicle 
and the acromion on both sides.

Bony contact 
Bony contact was considered when some part of the fragment had contact with 
the main segment of the clavicle, even if it was a projection overlap in the 45°
tilted view. Bony contact was registered for each fragment in each projection.  
 Bony contact was also registered for the main segments (see Displacement). 

Fracture healing
On each radiograph, the cortices were evaluated for the amount of bridging. 
Healing time was set as the time when the fracture was bridged, defined by the 
disappearance of the cortical interruption at the fracture site as a result of callus 
formation. If the fracture had not healed within 24 weeks, it was classified as a 
nonunion. Malunion was defined as healing but with a disconfiguration of the 
clavicle due to, for example, shortening and/or displacement.  

                        1a

                        4a
 Figure 10.  Illustrations of displacement of main segments in both projections. 
  Note the transversally placed fragments. Compare with page 26. 
  1a) The (0°) anterior-posterior view and 4a) the 45° tilted view. 
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 Figure 11.  Radiographs of transversally placed fragments.  
  a) first week and b) at 6 months 
  1a+b) the 0° view and 4a+b) the 45° tilted view.
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a

b

c

 Figure 12. Patient with transversally placed fragments. 
  a) Displacement, shortening, protrusion and lowering of the shoulder. 
  b) Pseudovinging of the scapula due to the variables in “a)”. 
  c) From above.  
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         a

         b

         
         c
 Figure 13.  Illustrations of displacement of main segments due to the weight of 
  the arm and pull from the muscles. Figure b is an acromial fracture 
  and mimics an AC joint dislocation of grade IV-V. 
  In fig13c the protrusion of the shoulder are illustrated as in fig 12c. 
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epidemiological study (i) 
During a two-year period (January 1, 1989 to December 31, 1990), all patients 
living in the county of Uppsala, Sweden (except those in Öregrund and 
Enköping) with a radiographically verified fracture of the clavicle were 
prospectively included in the epidemiological study (187 fractures in 185
patients). The population at risk consisted of a mixed rural and urban 
population with a catchment population in the age group 15 years or older, of 
185.859 (1989) and 188.456 (1990), respectively.  
 This epidemiology study was part of another consecutive prospective study 
of the upper extremities with a very well validated process [Mallmin 1992].

Validation  
The Uppsala county has two hospitals with a trauma unit (Uppsala University 
Hospital and Enköping Hospital). There are also two care centers with 
emergency offices. Just outside the county border there is another hospital with 
a trauma unit (Gävle Hospital).  
 During the above mentioned two-year period, all of the 11 radiological 
departments within the county, provided us with copies of positive examinations 
of the upper extremity.  
 To secure the validation, controls were made of all the patients who sustained 
a fracture of the distal forearm during the period April 1, 1989 to March 31,
1990 at the trauma unit, Uppsala University Hospital. Seventy-five per cent 
(460) of these patients were treated at the unit during this period. The controls 
were made by comparing all records of distal forearm fractures in all 
radiographic departments and at the trauma unit. Only one fracture that was 
not registered was found (0.2%).
 During this three-year study period, no patients have later been referred to 
me, as I see all patients in the county with sequelae from clavicular fractures. 

Statistics  
The Mann-Whitney nonparametric test, chi-square test, Fisher’s exact test, 
unpaired t test, contingency table analysis and ANOVA with Fisher’s post hoc 
test were used to compare groups. Statistical significance was defined as  
p<0.05. Mean and standard deviations are given. 
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short-term study (ii) 
Patients participating in the short-term study were included during the period 
January 1, 1989 to December 31, 1991. During the third year (January 1, 1990 to 
December 31, 1991), the study continued in the same way as in the two previous 
years except for the feedback with copies of positive radiographic examinations.  
 A total of 245 patients, 15 years of age or older and living in the county of 
Uppsala, with a radiographically verified fracture of the clavicle were consecutively 
included in this prospective study. All patients followed the logistics described 
earlier under “Patient logistics” and “Radiographic views”. In total, 222 patients 
participated in the follow-up. 

Baseline and endpoints 
The baseline data were: age, gender, smoking, fractured side and dominant side, 
fracture location, fracture type (angulation, transverse, oblique, comminute with 
or without transversally placed fragments), shortening, displacement between the 
main segments of the clavicle, bony contact between the main segments of the 
clavicle and the fragments at the fracture site. 
 The endpoint sequelae constituted of the patient’s answer to “Have you 
recovered fully from your clavicular injury?”, and the answer to ”If so, after 
how many weeks?” constituted recovery time. The endpoint sequelae were 
dichotomous and recovery time was measured in weeks.  
 Other endpoints (Minimum pain/pain at rest, Maximum pain/pain during 
activity, Strength reduction and Cosmetic defects) were based on answers 
recorded on a VAS-scale (0-10).
 The endpoint Paresthesia (yes/no) was recorded as yes if the patient had a 
subjective experience of paresthesia in the arm and/or hand. 
 The endpoint Nonunion (yes/no) was recorded as yes if the fracture had not 
healed after 6 months. This was verified with radiographs with the two views 
described earlier. 

Statistics 
The time course over the first 24 weeks after injury for different symptoms was 
described using line graphs and boxplots. 
 The association between demographic and baseline variables and the 
outcome of different endpoints after 24 week after injury was explored using 
chi-square tests (dichotomous data), Wilcoxon rank sum tests (ordinal data) or 
t-tests (the variable Age). A p-value of <0.05 was considered to be statistically 
significant. 
 Selected patient subgroups were compared at 24 week using estimated 
relative risks with 95% confidence intervals. 
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long-term study (iii) 
All patients included in the short-term study did also participate in the long-
term study if they were between 15 and 60 years of age at the time of injury. 
There was an additional follow-up visit 9-10 years later, where the patients were 
seen by me using the same protocol as in the short-term study together with an 
extended one. 
 Altogether, every patient had baseline variables of 46 objective and 25
subjective as well as the Constant-Murley score [Constant 1987]. All patients 
followed the logistics described earlier under “Patients logistics” and “Radio-
graphic views”. Two hundred eight patients participated in the follow-up. 

Endpoints 
The definitions of the endpoints were based on the patients’ answers to the 
corresponding questions in the questionnaire. 
 The primary endpoint, Sequelae, was dichotomous and constited of the 
answer to “Have you recovered fully from your clavicular injury?” which was 
“yes” or “no”.  
 The secondary endpoints were dichotomized and based on answers recorded 
on a VAS-scale (0-10). For endpoint 2, patients with a VAS-score ≥1 were classified 
as having pain at rest. For endpoints 3 and 4, patients with a VAS-score ≥3 were 
classified as having pain during activity and cosmetic defects, respectively. The 
frequency distributions of variables 1-4 are shown in table 9.

Statistics
For the primary analysis, patients with and without sequelae after the 9-10 year 
of follow-up were analyzed. In order to test whether the corresponding 
subgroups differed regarding the demographic and baseline variables displayed 
in table 8a+b, Chi-square tests and Wilcoxon Rank Sum tests were performed 
for qualitative and quantitative variables, respectively. 
  In order to construct models predictive of the outcome of a clavicular fracture 
10 years after the incident, logistic regression analysis was used [Hosmer 1989].
With a logistic model, the probability of a dichotomous outcome (sequelae or  
no sequelae) can be predicted using one or more explanatory variable(s). 
Furthermore, the conditional importance of each explanatory variable may be 
expressed in terms of increased or decreased odds-ratios for the event under study 
as the explanatory variable changes. 
 Currently, stepwise selection methods are probably the most widely used in 
medical applications. In this application, an extension of the stepwise selection 
strategies: ‘all possible subsets regression’ was performed. With this method, 
every possible combination of n out of p predictors is examined to find a best 
fitting model [Miller 1990]. In this study, only those models were considered 
where all of the n ≥1 predictor variables were statistically significant (p<0.05).
The predictor variables were selected from those displayed in tables 8 a+b. 
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malunion study (iv) 
Eight consecutive patients (all men) were seen, included and operated by  
me in the period 1997-2000.
 Inclusion criteria were paresthesia/numbness in the upper extremity following 
nonoperative treatment of a fracture of the midclavicle that had healed with 
malunion and excessive callus formation. Furthermore, a minimum of 12 months 
from the fracture until surgery with at least six months without spontaneous 
relief of paresthesia/numbness was required. The mean time between trauma and 
operation was 66 months (22-117).
 Exclusion criteria were permanent nerve injury or any other associated injury 
at the time of the accident, sequelae following a previous fracture or soft tissue 
trauma in the shoulder region or in the cervical spine, neurophysiological 
and/or MRT verified disc herniation in the cervical spine, nonunion of the 
clavicle, and/or hypermobility of the joints. 
 In all cases, the fracture had healed with a persistent malposition including a 
cranio-caudal and ventro-dorsal displacement. The fracture included one or 
more transversally placed fragments in all patients. 

Neurophysiological examination 
For the first four patients, a neurophysiological evaluation as part of the 
preoperative evaluation was not possible due to logistic problems. For the last 
four patients neurography was performed, and also EMG in three with 
evaluation being done by Erik Stålberg.  

Preoperative rehabilitation 
All patients were initially put on a specific standardized rehabilitation plan for 
six months in order to reduce symptoms as previously shown [Rumball 1991,
Nowak 2000]. None of the patients responded with improvement during this 
nonoperative rehabilitation period.  

Surgical technique 
Patients were operated under general anesthesia in the beach chair position. 
The incision was made in the Langer´s line over the hypertrophic area of the 
clavicle. All other incisions in the soft tissue were made with electrocautery to 
ensure careful homeostasis and detection of nerve reactions. The platysma and 
the aponeuroses of the trapezius, deltoid and the pectoralis major were 
identified and incised. Resorbable stay sutures were placed end-to-end to 
facilitate reattachment when closing.  
 The fibrous tissue, scar tissue and the hypertrophic callus were removed on 
all sides of the clavicle. Much care was taken at removing callus that was 
directed in the posterior or inferior direction as the clavicle rotates when the 
arm is elevated above shoulder level [Inman 1946, Hierholzer 1984]. Callus and 
scar tissue was removed with oscillating saw and irrigation until the index 
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finger of the surgeon could pass between the clavicle and the rib. Meticulous 
hemostasis was obtained. No bone wax was used. 
 The earlier mentioned stay sutures were tied and the incision closed end-to-
end. The skin was closed sub-and intracutaneously. A suction drainage was 
used for 12 hours.  

Postoperative regimes 
NSAID medication (diklofenakkalium 50 mg x 3) was given postoperatively for 
three weeks to reduce the risk of new callus formation [Nilsson 1998, Persson 1998].  
 Postoperative rehabilitation with a special home rehabilitation plan according 
to Axelina was implemented in order to strengthen the scapula muscles and 
improve body positioning [Nowak 2000].

Follow-up 
The mean follow-up time after surgery was 20 months (12-48) and the follow-
up was carried out by Sune Larsson, who took no part in the treatment of the 
patients. 
 At follow-up, the patients were asked to assess the paresthesia/numbness in the 
affected arm and hand as a percentage of the same type of symptoms pre-
operatively. This variable was assessed with the arm below as well as above the 
level of the shoulder.  
 An estimation of the total upper extremity function was made by the patient 
pre- and postoperatively, with 100 describing "a perfectly functioning arm".  
 Pain was evaluated by the patients using a 10-cm visual analogue scale at rest 
and during activity. Patients with pain and functional impairment might adapt 
to a lower functional level to overcome the shortcomings caused by the 
dysfunction. Using similar visual analogue scales as previously described for the 
pain assessments, the patients were asked to estimate their adaptation during 
work and leisure activities. 

Statistics 
Baseline variables as well as subjective and objective variables describing the 
patients' symptoms were shown for each patient separately. For the symptoms 
variables, pre- and postoperative values/scores were given. The Wilcoxon Sign 
Rank Test or Mc Nemar's Test were used to test whether there was a change 
postoperatively for each symptom. 
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 Figure 14. Removal of the hypertrophic callus and scar tissue after a  
  comminuted fracture of the midclavicle with transversally  
  placed fragments.
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nonunion study (v) 
Twenty-four patients (13 men and 11 women) were included during a seven-year 
period (1988-1995). All nonunions were operated by me. 
 The inclusion criterion was a radiographically verified symptomatic nonunion 
through the midclavicle after nonoperative treatment that had not healed 
within six months following injury. All nonunions were atrophic, except one in 
each group which was considered to be hypertrophic.  
 The first 11 patients (8 men and 3 women) were treated with external fixation 
using a modified Hammer external fixator system (EF) (Swemac, Linköping, 
Sweden) with three 4-mm screws in each of the two fracture fragments.  
 The second part consisted of 13 patients (5 men and 8 women) who were 
treated with a seven or eight-hole 3.5-mm reconstruction plate (RP) (Stratec, 
Stockholm, Sweden). All patients had bone chips from the iliac crest inserted in 
and around the nonunion area to induce bone healing.  
 All were followed clinically and radiographically until bone healing; 3, 6, 9
and 12 month postoperatively. 

 Figure 15. External fixation from 1905 and from the present study  

Surgical techniques 
Patients were operated under general anesthesia in the beach chair position. 
The skin was incised along the Langer´s lines over the nonunion area. All other 
incisions in the soft tissue were made with electrocautery to ensure careful 
homeostasis and detect nerve reactions. The platysma and the aponeuroses of 
the trapezius, deltoid and the pectoralis major were identified and incised. Stay 
sutures were placed so that end-to-end reattachment was facilitated over the 
plate when closing. Only the nonunion area was exposed in the EF-group, 
while in the RP-group a more extensive exposure was done to allow a proper 
positioning of the plate. 
In the atrophic nonunions the sclerotic areas were resected with the aim of 
achieving a bleeding bone surface. All interposed fibrous tissue was excised to 
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allow free movement between bone ends. This technique was employed after 
previous observations that the length of the clavicle usually adjusted 
spontaneously, ending up with a total length close to the uninjured side. The 
goal was to avoid shortening and achieve the same length (±5 mm) when 
compared with the uninjured clavicle. 
 The plate was contoured and placed on the superior surface of the clavicle 
with at least six cortices on each side of the nonunion. To reduce the risk of a 
bad cosmetic result with protrusion, irritation of the skin and inadequate soft 
tissue coverage, a precise contouring of the medial part of the plate was 
accomplished. 
 The subclavius muscle was elevated and sutured to the undersurface of the 
clavicle. The aim was to keep the cancellous bone chips in place. If union was 
not evident after three months a subsequent cancellous bone grafting was 
performed.  

Postoperative regime 
The postoperative rehabilitation plans consisted of four phases according to 
Axelina, each with a duration of 4-6 weeks [Nowak 2000]. During the first 
phase the patients were not allowed more than 90 degrees of elevation due to 
the concurrent rotation of the clavicle which might cause unwanted torque on 
the hardware and motion of the bone chips. External and internal rotation 
with the arm at the side was not restricted [Inman, 1946]. The patients were 
recommended to do their home exercises three times a day [Nowak 2000].

NSAID medication was not allowed postoperatively in order not to disturb 
bone induction [Nilsson 1986, Törnkvist 1985, Elmstedt 1985].

Follow-up 
After 8.6 years on average for the EF-group and 5.4 years on average for the 
RP-group, the patients were evaluated clinically by an independent observer, 
Hans Rahme, who had not been involved in the treatment. 
 One patient in each of the groups (EF and RP) was lost to follow-up/deceased. 

Statistics 
Descriptive statistics (arithmetic means, standard deviations, medians and 
ranges) or frequency tables were used to describe the material. The treatment 
groups were compared using the Wilcoxon rank sum test (quantitative 
variables) or Fisher’s exact test (qualitative variables). In the evaluation of the 
follow-up data, four patients who did not heal from the first operation and 
were subsequently reoperated with reconstruction plates were excluded from 
the analysis. This measure was taken in order to avoid confounding in the 
comparison of the two operation techniques.  
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RESULTS 

epidemiological study (i) 
During 1989 (n=95) and 1990 (n=92) there were 187 clavicular fractures in 185
patients above 15 years of age. Two were bilateral.  
 The main results of this study are shown in tables 3-4 and figures 17-19.

TABLE 3 CLAVICULAR FRACTURES IN UPPSALA COUNTY 1989-1990 

Incidence
Annual, whole population 50.3 / 100 000
Men 71.1 / 100 000
Women 30.5 / 100 000
Male : female (129 : 58) 2.2 : 1 

Fractured side, (%)
Right  48%
Left  52%

Fracture location, (%)
Sternal     2% 
Middle  71% 
Acromial  27% 

Age (years)/Gender, mean (SD) 
Men  30 (13)*
Women  39 (20)

Age (years)/Location/Gender, mean (SD)
Sternal (all men)  51 (12)*** 
Middle  32 (16) 
 Men  29 (13)** 
 Women  39 (21) 
Acromial  32 (15) 
 Men  31 (14) 
 Women  36 (18) 

 There was a statistically significant difference in age  
 *) between men and women, p<0.0003 
 **) between men and women for patients with a Middle location, p<0.0007 
 ***) beween patients with a Sternal location and patients with other locations, p<0.02 
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TABLE 4A INJURIES AND FALL MECHANISM 

Fall mechanism
Outdoors 88%

Direct fall on the shoulder 85%
Direct blow on the clavicle 13%
Fall on the outstreched arm 2%

Associated injuries
1 associated injury, all patients 36%

1 associated injury, men 38%
1 associated injury, women 31%

TABLE 4B ACTIVITIES BY GENDER

Sport activity Male
129

Female
58

Tot 
187

Cycling 32 (26%) 24 (45%) 56 (30%) 
Walk/running 6 4 10 
Skate (ice-hockey, bandy) 8 1 9 
Soccer 8 1 9 
Horsebackriding 2 6 8 
Ski 2 0 2 
Other sports 13 0 13 
Car/traffic 14 3 17 
Heavy and light MC 9 0 9 
Accidents at home 4 5 9 
Work/School 7 1 8 
Leisure/Other activities 18 8 26 
Missing 6 5 11 
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 Figure 16. Distribution of the incidence of clavicular fractures,1989 -1990. 

 Figure 17. Distribution of clavicular fractures by month, 1989 -1990. 
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 Figure 18. Distribution of clavicular fractures by day of week, 1989 -1990. 

 Figure 19. Distribution of clavicular fractures by day and night, 1989 -1990. 



- 41 -

short-term study (ii) 
Demographic and baseline variables 
The 245 patients who were included in the study did not differ from the 222
patients who attended the 24-weeks follow-up visit as regards demographic and 
baseline data, table 6.
The patients were subdivided into three groups:  

i Those with duration of sequelae less than 24 weeks. 
ii Those with sequelae still present at 24 weeks.  
iii Those with nonunion (all patients with nonunion had some degree of  
 remaining symptoms).  

The time courses of five symptoms in these three subgroups during the first  
24 weeks after injury are presented in figure 19.
The five symptoms are: 
 a.  Minimum pain/pain at rest. 
 b.   Maximum pain/pain during activity. 
 c.   Strength reduction. 
 e.   Paresthesia. 
 f.   Cosmetic defects. 

Healing process 
At 24 week 126 (57%) of the 222 patients who attended this visit had recovered 
completely, while 93 (42%) were still not fully recovered. Three patients did not 
answer this question (1%).
 Nonunion occurred in 15 of 222 (7%), table 5. The median time to complete 
recovery without sequelae was 16 weeks with a minimum of 3 weeks. 
 Maximum pain (pain during activity) was initially experienced by nearly all 
patients, but the rate fell rapidly during the first three months for those who 
had sequelae for less than 24 weeks. In the other two subgroups, severe pain 
during activity persisted for 80-90% of the patients. The pain originated only 
from the clavicle. The same pattern was seen for Strength reduction, fig 20.
 Paresthesia had a low frequency in patients who recovered completely before 
24 weeks. Twenty per cent of the patients who reported sequelae or had a 
nonunion at 24 weeks experienced paresthesia.  
 Cosmetic defects were experienced in 80% of the patients in the subgroup 
with sequelae for more than 24 weeks, while the corresponding proportion 
among patients with nonunion was only slightly less. This perception persisted 
for the whole follow-up time, while for those in the subgroup without sequelae 
at 24 weeks the proportion who reported cosmetic defects decreased from 
about 50% at 4 weeks to almost zero at the final follow-up. The same pattern 
was seen for Minimum pain (pain at rest).  
 For the subgroup with duration of sequelae more than 24 weeks, the 
distributions for the different endpoints symptoms are illustrated in figure 21.
The average intensity of the various symptoms remained on almost a constant 
level throughout the whole follow-up. 
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Risk factors 
Outcome at 24 weeks after the injury is related to information at the time of 
injury in table 7.
 Age was a significant risk factor for all of the outcome variables except for 
nonunion. There was no significant association between either gender and 
smoking and the outcome variables.  
 Displacement between the main segments in projection 1 (the 0° view) and 
projection 4 (the 45° tilted view) was associated with a significantly increased 
risk of remaining symptoms especially if displacement occurred in both 
projections at the same time. Shortening in either projection 1 or 4 was not a 
significant risk factor for sequelae or symptoms.  

In order to illustrate the impact of some of the risk factors found in this study, 
comparisons of some patient groups were performed. For example:  
 When comparing women with displacement 1 bone width or more in any 
projection (0° or 45°) at baseline vs. women without displacement, the estimated 
relative risk of sequelae at 24 weeks was 2.2 with 95% confidence limits 1.2 to 4.1.
 When comparing women with displacement of more than 1 bone width in any 
projection vs. men with displacement more than 1 bone width in any projection, 
the relative risk of sequelae after 24 weeks was estimated to 1.5, with 95%
confidence limits 1.03 to 2.1.
 Finally, the estimated relative risk for sequelae at 24 weeks was 2.1 with 95%
confidence limits 1.2 to 3.5 when comparing patients >50 years of age with a 
displacement of one-half bone width or more in any projection vs. patients <25
of age with a displacement of one-half bone width or more in any projection. 

In table 5 one can see the distribution of all fractures, fracture types, fracture 
locations, gender and nonunions during the years of 1989-1991.

TABLE 5 PATIENTS WITH CLAVICULAR FRACTURES IN UPPSALA COUNTY 
 1989-1991 WHO ATTENDED THE 24-WEEKS FOLLOW-UP

Variables  Sternal Middle Acromial 
Number of fractures  n (%)     222 4(2) 157(71) 61(27) 
 Men n (%)      158 4(2) 110(70) 44(28) 
 Women n (%)        64 0(0)   47(73) 17(27) 

Nonunions n (%)        15 1(7) 9(60) 5(33) 
 men/women      6/9 1/0 2/7 3/2 

Nonunions calculated in per cent from the different parts  
Number of nonunions (n) 1/4 9/157 5/61 
Number of nonunions (%) 25 5.8 8.2 
 men/women 25/0 1.8/14.9 6.8/11.8 
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TABLE 6 DEMOGRAPHIC AND BASELINE VARIABLES

1a 1b 

VARIABLE
All clavicular 

fractures
included.
n=245

All clav fractures 
attending the 24-
weeks follow-up. 

n=222 
AGE, mean(STD) 31.0 (12.8)     31.2 (12.8) 
GENDER                                   Female n(%) 

Male n(%) 
68(28)

177(72)
64(29)

158(71)
SMOKING                                    Yes: n(%) 

No: n(%) 
99(49)

101(51)
94(50)
94(50)

INJURED SIDE                                 Dx: n(%) 
       Sin: n(%) 

118(48)
127(52)

106(48)
116(52)

DOMINANT SIDE                           Dx: n(%) 
Sin: n(%) 

212(92)
19(8)

194(92)
17(8)

LOCATION                           Acromial: n(%) 
Middle: n(%) 
Sternal: n(%) 

66(27)
175(71)

4(2)

61(27)
157(71)

4(2)
INTRAARTICULAR                          Yes: n(%) 

No: n(%) 
6(2)

239(98)
5(2)

217(98)
ANGULATED                                 Yes: n(%) 

No: n(%) 
28(11)

217(89)
25(11)

197(89)
FRACTURE TYPE                  Comminute: n(%) 

Spiral/oblique: n(%) 
Transverse: n(%) 

99(41)
94(38)
52(21)

88(40)
86(39)
48(21)

Comminute trans-ly placed fragment     Yes(%) 
No(%)

31(32)
66(68)

28(33)
58(67)

N of FRAGMENTS (%)                               0 
1
2

>3

146(60)
38(16)
49(20)

12(4)

134(60)
33(15)
44(20)

11(5)
DISPLACEMENT  0° view (Bone width)        0 

0.5-1
1.5-2

118(48)
82(34)
45(18)

106(48)
75(34)
41(18)

DISPLACEMENT  45° view (Bone width)      0 
0.5-1
1.5-2

2.5-

111(45)
72(30)
52(21)

10(4)

102(46)
65(29)
46(21)

9(4)
SHORTENING, 0° view                      Yes(%) 

No(%)
35(15)

204(85)
34(16)

183(84)
SHORTENING, 45° view                    Yes(%) 

No(%)
23(10)

217(90)
22(10)

196(90)

 Table 6. Patient characteristics at baseline. The demographic and baseline  
  characteristics for the 245 patients who were included in the study are 
  described in table 1a. The corresponding characteristics for the 222 pat. 
  who attended the 24-weeks follow-up visit are shown in table 1b 
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 Table 7. Five patient outcome variables 24 weeks after the clavicular injury,  
  sequelae after 24 weeks and nonunion by patient characteristics at  
  the time of injury. For all variabl. except “age”, absolute and relative  
  frequencies are given as n (%).  
  P-values shown in bold are statistically significant (p<0.05). 

a) Outcome variables at 24 weeks 
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 Table 7.  Five patient outcome variables at 24 weeks after the clavicular injury, 
  sequelae after 24 weeks and nonunion by patient characteristics at 
  the time of injury (cont.). For all variables except “age”, absolute and 
  relative frequencies are given as n (%). 
  P-values shown in bold are statistically significant (p<0.05). 

b) Sequelae after 24 weeks. Nonunion 
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 Figure 20 a-e. Symptoms of clavicular fractures at follow-up visits 4, 8, 12 and 
  24 weeks after injury. Patients were divided into three subgroups: 
  Sequelae at <24 weeks, Sequelae at >24 weeks and Nonunion. 
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 Figure 21a-d Distributions of VAS scores for different symptoms of clavicular 
  fractures at follow-up visits  4, 8, 12 and 24 weeks after injury.  
  Data are restricted to the subgroup of patients with duration of 
  sequelae more than 24 weeks. 
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long-term study (iii)
Sequelae after 10 years 
Models estimation with a single predictor variable 
Of the variables listed in table 8, ten were statistically significant in the 
univariate model (p<0.05; table 10a). The four variables that had the highest 
estimated odds ratios for sequelae were; fracture with no bony contact in 
projection 1 (the 0° view) and in projection 4 (the 45° tilted view), displace-
ment in the 45° tilted view and transversally placed fragments. 

Models estimation with two predictor variables 
From the variables listed in table 8, the following combinations of two 
statistically significant variables were found (table 10b). fracture with no bone 
contact and displacement in projection 4 (the latter measured both as yes/no 
and in bone widths). The estimated odds ratios for the variables in table 3b
were slightly smaller compared to those of the corresponding univariate 
models, indicating some confounding between the variables in the bivariate 
model.

Models estimation with three or more predictor variables 
For the endpoint “Sequelae”, no combinations of three or more statistically 
significant variables were found.  

Pain at rest / minimum pain after 10 years 
Models estimation with a single predictor variable 
Of the variables listed in table 8, the following three variables were 
statistically significant in the univariate model (p<0.05; table 11a): fracture 
with no bony contact, displacement (in bone widths), both in projection 1
and advancing age. 

Models estimation with two predictor variables 
From the variables listed in table 8, two different combinations of two 
statistically significant variables were found; see table 11b. The estimated odds 
ratios for the predictor variables in table 11b were similar to those of the 
corresponding univariate models. Advancing age appeared to be an important 
risk factor for pain at rest; also after adjustment for displacement (in bone 
widths) or no bony contact at the fracture site. 

Models estimation with three or more predictor variables 
For the endpoint “pain at rest”, no combinations of three or more statistically 
significant variables were found. 
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Pain during activity / maximum pain after 10 years 
Models estimation with a single predictor variable
Of the variables listed in table 8, only two variables were statistically 
significant in the univariate model (p<0.05;  table 12a). Even here, no bone 
contact in the anteroposterior radiographic view and the 45° tilted view 
seemed to be highly predictive variables for pain during activity. 

Models estimation with two or more predictor variables 
For the endpoint “Pain during activity” no combinations of two or more 
statistically significant variables were found. 

Cosmetic defects after 10 years 
Models estimation with a single predictor variable 
Of the variables listed in table 8, the following nine variables were statistically 
significant in the univariate model (p<0.05; table 13a). Contrary to the other 
endpoints, shortening of the clavicle appeared to be highly predictive of a bad 
cosmetic result. Displacement, location site (middle part) as well as type of 
fracture (transverse, comminute) also seemed to increase the risk for a bad 
cosmetic results. Angulation showed no effect on cosmetic defects. 

Models estimation with two predictor variables 
From the variables listed in table 8 four different combinations of two statistically 
significant variables were found (table 13b). Clavicular shortening appeared to be 
an important risk factor for cosmetic defects, also after adjustment for 
displacement (in bone widths)/no bony contact at the fracture site. 
The combination of shortening of the clavicle with a transverse fracture type 
appeared to markedly increase the risk for bad cosmetic results. 

Models estimation with three or more predictor variables 
For the endpoint “Cosmetic defects”, no combinations of three or more 
statistically significant variables were found. 
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TABLE 8A QUALITATIVE DEMOGRAPHIC AND BASELINE VARIABLES

Patients with 
sequelae, N=96 

Patients without 
sequelae, N=112 

Variable Def 

n/N (%) n/N (%) 
Gender  females a) 31/96(32) 29/112(26) 

 males 65/96(68) 83/112(74)

Fractured side  dx b) 44/96(46) 58/112(52) 

 sin 52/96(54) 54/112(48)

Dominant side  dx b) 90/94(96) 97/108(90) 

 sin 4/94(4) 11/108(10)

Location

Acromial part c) 22/96(23) 34/112(31) 

Middle part  74/96(77) 77/112(69) 

Sternal part  2/96(2) 2/111(2) 

Type of fracture

Intra articular  2/96(2) 4/112(4) 

Transverse   18/96(19) 27/112(24) 

Angulated   10/96(10) 18/112(16) 

Oblique   32/95(34) 50/112(45) 

Comminute* e) 45/95(47) 35/112(31) 

  Fragments of the transversal type d) 18/45(40) 8/35(23) 

  Fragment with bony contact ventrally 34/45(76) 29/35(83) 

  Fragment with bony contact dorsally 37/45(82) 28/35(80) 

Clavicular shortening proj 1 16/92(17) 15/109(14) 

Clavicular shortening proj 4 7/92(8) 10/109(9) 

Fracture with no bony contact proj 1* 31/93(33) 14/109(13) 

Fracture with no bony contact proj 4* 40/92(43) 23/109(21) 

Displacement cranio-caudal proj 1* 56/91(62) 51/108(47) 

Displacement ventro-dorsal proj 4* 

c)

60/91(66) 46/107(43) 

Multitrauma c) 4/96(4) 2/112(2) 
*) Statistically significant difference between subgroups with and without sequelae, p<0.05 

Projection 1= 0°view. Projection 4 = 45° tilted view. 

Definitions:  a) Female = 1 Male = 0 
  b) Right  = 1 Left = 0 
  c) Yes  = 1 No = 0 
  d) Yes  = 1  No or not determined = 0     
 e) Comminute fractures =  fractures with two or more  
    separate fragments of at least 5mm size. 
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TABLE 8B QUALITATIVE DEMOGRAPHIC AND BASELINE VARIABLES

Patients with sequelae Patients without sequelae Variable 

N
mean
(SD)

md
min;
max

N
mean
(SD)

md
min;
max

Age (years)* 96 33 (13) 32 15;63 112 29 (12) 26 15;67 

Number of
fragments* 96 0.8 (1.0) 0 0;3 112 0.5 (0.9) 0 0;4 

Displacement  
cranio-caudal proj 1
(bone-width)*

96 0.7 (0.7) 0.5 0;2 112 0.5 (0.6) 0 0;2 

Displacement 
ventro-dorsal proj 4  
(bone-width)*

96 0.9 (0.9) 1 0;3 112 0.5 (0.7) 0 0;2.5 

Diff in length of  
injured-noninjured 
clavicle, proj 1 (mm) 

85 -6.4 (8.2) -7 -23;8 99 -5.3 (7.2) -5 -25;12 

Diff in length of  
injured-noninjured 
clavicle, proj 4 (mm) 

80 -5.1 (9.2) -4.5 -27;16 99 -3.6 (8.9) -4 -30;21 

* Statistically significant difference between subgroups with and without sequelae, p<0.05 
md = median

TABLE 9 FREQUENCY DISTRIBUTIONS WITH RESPECT TO THE DIFFERENT ENDPOINTS 
FOLLOWING A CLAVICULAR FRACTURE

Endpoint Outcomes Frequency % 

96 46 
1 Sequelae Patients  with sequelae 

 without sequelae 112 54 

 19  9 
2 Pain at rest Patients  with pain at rest 

 without pain at rest 185 91 

 59 29 
3 Pain during activity Patients  with pain during activity 

 without pain during activity 145 71 

 54 27 
4 Cosmetic defects Patients  with cosmetic defects 

 without cosmetic defects 147 73 
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TABLE 10A MODELS WITH A SINGLE PREDICTOR VARIABLE – SEQUELAE

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Fracture with no bony contact proj 1 0.0007 3.4 1.7 – 6.9 

Fracture with fragments of the transversal type 0.0137 3.0 1.3 – 7.4 

Fracture with no bony contact proj 4 0.0008 2.9 1.6 – 5.3 

Displacement ventro-dorsal proj 4 (Yes/No) 0.0014 2.6 1.4 – 4.6 

Comminute* 0.0183 2.0 1.1 – 3.5 

Displacement ventro-dorsal proj 4 (bone-width) 0.0007 1.9 1.3 – 2.7 

Displacement cranio-caudal proj 1 (Yes/No) 0.0444 1.8 1.0 – 3.2 

Displacement cranio-caudal proj 1 (bone-width) 0.0216 1.6 1.1 – 2.5 

Number of fragments 0.0447 1.4 1.0 – 1.8 

Age  (The unit of age is 10 years) 0.0200 1.3 1.0 – 1.6 
*) Comminute fractures =  fractures with one or more separate fragments of at least 5mm size. 

TABLE 10B MODELS WITH TWO PREDICTOR VARIABLES – SEQUELAE

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Fracture with no bony contact proj 1 0.0094 2.8 1.3 – 6.0 

Displacement ventro-dorsal proj 4 (Yes/No) 0.0356 2.0 1.1 – 3.6 

Fracture with no bony contact proj 1 0.0237 2.4 1.1 – 5.1 

Displacement ventro-dorsal proj 4 (bone-width) 0.0126 1.6 1.1 – 2.4 
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TABLE 11A MODELS WITH A SINGLE PREDICTOR VARIABLE – PAIN AT REST

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Fracture with no bony contact proj 1 0.0062 4.0 1.5 – 11 

Displacement cranio-caudal proj 1 (bone-width) 0.0093 2.5 1.3 – 4.9 

Age  (The unit of age is 10 years) 0.0045 1.7 1.2 – 2.3 

TABLE 11B MODELS WITH TWO PREDICTOR VARIABLES – PAIN AT REST

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Fracture with no bony contact proj 1 0.0157 3.5 1.3 – 10 

Age  (The unit of age is 10 years) 0.0302 1.5 1.0 – 2.2 

Displacement cranio-caudal proj 1 (bone-width) 0.0169 2.4 1.2 – 4.9 

Age  (The unit of age is 10 years) 0.0082 1.6 1.1 – 2.4 

TABLE 12  MODELS WITH A SINGLE PREDICTOR VARIABLE – PAIN DURING ACTIVITY

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Fracture with no bony contact proj 1 0.0054 2.7 1.3 – 5.4 

Fracture with no bony contact proj 4 0.0126 2.3 1.2 – 4.4 
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TABLE 13A MODELS WITH A SINGLE PREDICTOR VARIABLE – COSMETIC DEFECTS

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Displacement ventro-dorsal proj 4  0.0006 3.6 1.7 – 7.5 

Clavicular shortening proj 1 0.0015 3.6 1.6 – 5.4 

Fracture with fragments of the transversal type 0.0051 3.4 1.4 – 7.8 

Fracture with no bony contact proj 1 0.0018 3.1 1.5 – 6.3 

Fracture with no bony contact proj 4 0.0028 2.8 1.4 – 5.4 

Middle part of the clavicle 0.0185 2.7 1.2 – 6.2 

Displacement ventro-dorsal proj 4 (bone-width) 0.0001 2.1 1.5 – 3.1 

Comminute 0.0218 2.1 1.1 – 4.0 

Displacement cranio-caudal proj 1 (bone-width) 0.0157 1.8 1.1 – 2.9 

TABLE 13B MODELS WITH TWO PREDICTOR VARIABLES – COSMETIC DEFECTS

Variable p-value Estimated 
odds ratio 

95% confidence 
limits for

odds ratio 
Fracture with fragments of the transversal type 0.0080 3.3 1.4 – 8.1 

Clavicular shortening proj 1 0.0026 3.5 1.5 – 7.9 

Fracture with no bony contact proj 1 0.0080 2.7 1.3 – 5.7 

Clavicular shortening proj 1 0.0170 2.8 1.2 – 6.4 

Fracture with no bony contact proj 4 0.0148 2.4 1.2 – 4.7 

Clavicular shortening proj 1 0.0087 3.1 1.3 – 7.2 

Displacement ventro-dorsal proj 4 (bone-width) 0.0007 2.0 1.3 – 3.0 

Clavicular shortening proj 1 0.0144 2.8 1.2 – 6.4 

TABLE 14  MINIMUM AND MAXIMUM PAIN

Maximum pain – pain during activity Minimum pain- 
pain at rest 0 1-2 3-4 5-6 7-8 9-10 

0 115 29 17 16 3 4 
1-2 0 0 3 5 2 1 
3-4 0 0 2 2 4 0 
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TABLE 15A DIFFERENCE IN LENGTH OF NORMAL CLAVICLES – NOWAK DATA (MM)

 N Mean Median Min Max Range St dev 

Proj 1:  dx-sin 44 -1.5 0.0 -19 15 34 6.8 
Proj 4:  dx-sin 44 -1.3 -1.0 -20 12 32 6.6 

TABLE  15B DIFFERENCE IN LENGTH OF NORMAL CLAVICLES –MCCORMICK DATA (MM)

 N Mean Median Min Max Range St dev 

Max length: dx-sin 551 -1.4 -1.0 -31 23 54 4.4 

TABLE 15C DIFF. IN LENGTH BETWEEN INJURED AND NONINJURED CLAV. – PRESENT STUDY (MM)

Radiograpic view N Mean Median Min Max Range St dev 

Proj 1: injured-intact 218 -5.3 -5.0 -25 23 48 7.9 
Proj 4: injured-intact 212 -3.6 -4.0 -30 33 63 9.5 

TABLE 16A LENGTH OF INJURED CLAVICLES – PRESENT STUDY (MM)

Radiograpic view N Mean Median Min Max Range St dev 

Proj 1: injured clavicle 227 178 178 146 218 72 14.6 
Proj 4: injured clavicle 222 182 182 142 225 83 16.0 

TABLE 16B LENGTH OF NOT INJURED CLAVICLES – PRESENT STUDY (MM)

Radiograpic view N Mean Median Min Max Range St dev 

Proj 1: non-injured clavicle 226 184 184 144 229 85 14.8 
Proj 4: non-injured clavicle 220 186 185 146 235 89 15.6 

TABLE 17  PARESTHESIA AT THE SHORT- AND LONG TERM FOLLOW-UP

Paresthesia at 6 months yes yes no no 
Paresthesia at 10 years yes no yes no 

Number of patients (%) 11(6) 7(4) 13(7) 160(83) 
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malunion study (iv) 

Prior to surgery, paresthesia/numbness affected two or more digits in all 
patients, always dig v but never dig i.
 The paresthesia/numbness disappeared after operation or was greatly reduced 
in all cases both below and above shoulder level in all cases.  
 Pain at rest and pain during activity were reduced in 6 out of 8 patients. All 
three patients with preoperative headache and dizziness that was considered to 
be provoked by the malunited clavicular fracture were free of these symptoms 
at the time of follow up. Limitations at work and during leisure activities, as 
well as sleeping disorders were reduced significantly.  
 The improvement in total arm function for the whole group was significant 
(p < 0.02, Wilcoxon signed rank test), table 18.
 One patient (patient v) had several operations due to refractures and 
nonunion development. Paresthesia/numbness was still reduced at the time of 
follow-up despite the complications. 

Neurophysiological investigations  
Routine neurography data from sensory and motor ulnar and median nerves 
were within normal limits. No classical signs of plexopathy were seen at rest. 
During Adson´s maneuver reduced number of F-responses or prolonged 
latencies can be expected. These provocations all showed symmetric results and 
no significant change after provocation regarding side difference or pre-post 
provocation results for latency or persistence of F-waves. There were no signs of 
neurogenic involvement in any of the muscles investigated. 
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 Table 18.  Subjective and objective variables pre- and postoperatively. 
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nonunion study (v) 

Objective variables 
Healing time 
In the external fixation group 8 out of 11 (73%) healed within 12 months (range 
3-12 months). Three out of 11 healed following reoperation with a reconstruction 
plate and new bone grafting due to persistent nonunion at 6-9 months 
following application of the external fixation.  
 In the plating group 13 out of 14 (93%) healed uneventfully within six months 
(range 3-6 months). One out of 14 had to be reoperated twice, with a new bone 
graft at the first reoperation and a new plate and bone graft at the second 
reoperation, until healing occurred. There was no hardware breakage. 
 The healing time was significantly longer for the nonunions treated with 
external fixation when compared with the healing time for the plated nonunions 
(p=0.020). Even when the four reoperated patients were excluded from the 
analysis, the healing time in the EF-group was significantly longer (p=0.045).

Range of motion 
Range of motion was decreased in 1 out of 8 patients in the EF-group and 2 out 
of 11 in the RP-group. These three patients had a pain free forward flexion of 
120, 135 and 150 degrees. Pain free abduction was 150, 120 and 120 degrees. The 
remaining patients had forward flexion between 160 and 180 degrees. Posterior, 
external, and internal rotation was not affected when compared with the 
uninjured side.  

Protrusion and pseudowinging of the scapula
Protrusion of the shoulder often leads to pseudo winging of the scapula and 
secondary pain. The serratus muscles are often elongated. Preoperatively all 
patients except two in the EF-group and one in the RP-group had protrusion 
of the shoulder. Pseudo winging of the scapula correlated with this finding. 
Postoperatively only two had protrusion of the shoulder, one from each group.  

Complications 
In 4 out of 14 patients the plate was removed following healing. The reasons for 
removal were pain when carrying a backpack in two patients, and unwillingness 
to have metal inside the body and cosmesis in one patient each. There were no 
refractures after plate removal. 
 There were no complications during surgery in any of the included patients. 
There was one infection at the nonunion site which that occurred following a 
new trauma that caused loosening of the plate, soft tissue necrosis and sub-
sequent infection.  
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Subjective variables 
Sleep
Two patients, both in the RP-group, had difficulties when sleeping on their 
involved side as well as disturbed night sleep due to shoulder symptoms. 

Strength
Strength, as estimated by the patient, was decreased in all patients preoperatively. 
At follow-up 6 out of 20 had persistent decreased strength, 5 in the RP-group and 1
in the EF group.  

Inconvenience 
In the external fixation group the main problem was that all patients experienced 
the instrument to be bulky and inconvenient. The actual application of the 
fixation screws in the bone ends was technically demanding even though a special 
jig was developed. 

TABLE 19    GENDER / OPERATING TECHNIQUE

Operating technique Male Female Total 
External fixation 8 3 11 
Reconstruction plate 5 8 13 
Total 13 11 24 

TABLE 20    FRACTURED AND DOMINANT SIDE

External fixation  N=11 DX SIN BI

Fractured side 5 6  
Dominant side 8 1 2 

Reconstruction plate  N=13 DX SIN BI

Fractured side 7 6  
Dominant side 13   

 Three in the EF and RP groups who were reoperated are included 

TABLE 21    CONSTANT-MURLEY SCORE

External fixation 86.0 (range 43-100) 
Reconstruction plate 85.6 (range 51-100) 
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TABLE 22    PAIN AT REST (MIN PAIN) AND PAIN DURING ACTIVITY (MAX PAIN)

External fixation, N=8 
Max pain 

Min pain
0 1-2 3-4 5-6 7-8 9-10 

0 4 1 2    

3     1  

Reconstruction plate,  N=12 
Max pain 

Min pain
0 1-2 3-4 5-6 7-8 9-10 

0 5 3 1  2  
3     1  

Reoperations, N=4
Max pain 

Min pain
0 1-2 3-4 5-6 7-8 9-10 

0 1 EF+RP 1 EF+RP     

4     1 RP+RP

  One patient in the EF+RP group was lost to follow up/deceased 

TABLE 23    COSMETIC DEFECTS

 0 1-2 3-4 5-6 7-8 9-10 
EF N=  8 3 3  1  1 
RP N=12 5 6   1  
EF+RP N=  3  2     
RP+RP N=  1    1   

  One patient in the EF+RP group was lost to follow up/deceased 
 0 = no cosmetic defects 10 = maximal cosmetic defects 

TABLE 24    LOSS OF SKIN SENSIBILITY AROUND THE SCAR

EF EF+RP RP RP+RP 
No 6  5  

Yes 2 2 7 1 

TABLE 25    PAIN AT CRISTA AFTER BONE GRAFT

EF EF+RP RP RP+RP 
No 8 2 11 1 

Yes   1  
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TABLE 26    LIMITATION AT WORK AND DURING LEISURE ACTIVITIES

External fixation, N=8 
Leisure

Work
0 1-2 3-4 5-6 7-8 9-10 

0 4      

1-2 2  1    
3-4       

5-6       

7-8       
9-10    1   

Reconstruction plate, N=12 
Leisure

Work
0 1-2 3-4 5-6 7-8 9-10 

0 7 1     

1-2       

3-4   1    
5-6  1   1  

7-8    1   

9-10       

Reoperations, N=4
Leisure

Work
0 1-2 3-4 5-6 7-8 9-10 

0       
1-2  2 EF+RP     

3-4       

5-6       
7-8    1 RP+RP   

9-10       
  One patient in the EF+RP group was lost to follow up/deceased 
 0 = no limitation 10 = maximal limitation 
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TABLE 27    ADAPTION AT WORK AND DURING LEISURE ACTIVITIES

External fixation, N=8 
Leisure

Work
0 1-2 3-4 5-6 7-8 9-10 

0 4      

1-2  1 1    
3-4       

5-6       

7-8   1    
9-10     1  

Reconstruction plate, N=12 
Leisure

Work
0 1-2 3-4 5-6 7-8 9-10 

0 5 1     

1-2 1 1     

3-4       
5-6       

7-8    2 1  

9-10      1 

Reoperations, N=4
Leisure

Work
0 1-2 3-4 5-6 7-8 9-10 

0  2 EF+RP     
1-2       

3-4       

5-6       
7-8    1 RP+RP   

9-10       
  One patient in the EF+RP group was lost to follow up/deceased 
 0 = no adaption 10 = maximal adaption 

TABLE 28    SUBJECTIVE SHOULDER FUNCTION

 0 1-2 3-4 5-6 7-8 9-10 
EF N=  8 4 1 1 1  1 
RP N=12 7 1 1 3   
EF+RP N=  3  2     
RP+RP N=  1     1  

  One patient in the EF+RP group was lost to follow up/deceased 
 0 = normal shoulder function 10 = maximal dysfunction 
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GENERAL DISCUSSION 

epidemiological, short-term and long term-studies (i-iii) 
Incidence 
In our epidemiological study, the overall incidence was fairly similar to a 
retrospective study from Malmö by Nordqvist, but almost twice as high as the 
incidence reported in the Edinburgh area by Robinson.  
 Nordqvist reported an annual incidence of clavicular fractures in men between 
15-19 years at about 150 per 100 000 and in females about 50 per 100 000,
which is only slightly less than in the present study.  
 In our study, the incidence was highest in the youngest part of the population 
and there was a significant reduction in incidence with increasing age in men, 
similar to the findings of Nordqvist [Nordqvist 1994, Robinson 1998].

Gender 
Robinson et al found the male:female ratio to be 2.6:1 which is similar to our 
results (2.2:1).

Age 
The average age when sustaining a clavicular fracture was almost a decade lower 
in men than in women, which is similar to the findings in the Edinburgh 
study.  
 In previous studies, a frequent finding has been a higher average age in 
patients with fractures through the lateral part of the clavicle as compared to 
midclavicular ones. In this study, there was no difference in the average age 
between those with a fracture in the acromial part compared to a fracture in the 
middle part. We found that the average age was highest in patients with 
fractures through the sternal part, which is consistent with previous reports. 
 Age was a significant risk factor for sequelae and most symptoms at 6 months 
after injury. The only exception was nonunion. At the long-term follow-up, 
however, age was a significant predictor only for pain at rest. The odds ratio of 
1.7 in the long term study indicated that the risk of suffering pain at rest 10
years after injury almost duplicates for a patient ten years older at the time of 
injury compared with a patient who is ten years younger. 

Season
Most fractures occurred during leisure time and outdoor activities, with 
fractures being more frequent during spring and summer and during the 
weekends.  
 Uppsala is a university town with a large proportion of students. In July, 
between terms, many students and a substantial part of the resident population 
leave the town for vacation, which could be the reason for a reduced frequency 
of clavicular fractures. 
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Fall mechanism 
Cycling is a common method of transport within Uppsala and it represents a 
total of 30% of all accidents, 45% of the accidents in women and 26% of the 
accidents in men. Cycling accidents usually included a fall directly on to the 
shoulder. This was the most frequent mechanism of injury, while a fall on to 
the outstretched arm was uncommon which Stanley also registered. Nor could 
he see any correlation between fracture type and fall mechanism [Stanley 1988].
 Sankarankutty showed a corresponding distribution in fall mechanism in 215
cases [Sankarankutty 1975].
 Bicycle accidents were studied in 210 patients by Grundill. Of the fractures, 
64% involved the upper limb, 32% being of the forearm and 22% of the 
clavicle [Grundill 1986].
 In a review of clavicular injuries in hockey, Norfray found that acute 
ligamentous injuries were more common in professionals, while fractures were 
more common in amateurs [Norfray 1977].

Associated injuries 
The frequency of associated injuries was only about half of that reported by 
Robinson [Robinson 1998]. This might indicate a true difference between the 
two populations, but it might also be due to differences in the study design. In a 
prospective study such as ours, it seems more likely that all fractures would bee 
identified and recorded compared with those recorded in a retrospective one. 

Fractured side 
Nordqvist reported right and left sides being fractured with a relative frequency 
of 47.5% and 52.5%, respectively [Nordqvist 1994]. Hill et al reported a pre-
dominance of injuries of the left clavicle with a right-left distribution of  
36.5% and 63.5%, respectively [Hill 1997].
 We found the same kind of distribution, with 52% for the left-hand side and 
48% for the right-hand side. 
 Bilateral clavicular fractures are rare [Sguazzini 1967, Blömer 1977]. There 
were only two patients in our study. 

Fracture location 
The distribution of fracture location by anatomical site is consistent with 
Nordqvist and Robinson with about three out of four fractures located in the 
middle part of the clavicle. The acromial part was involved in about one out of 
four fractures, while the sternal part was affected in just a few cases. [Nordqvist 
1994, Robinson 1998].
 In both the short-term and long-term follow-up studies, we found that a 
fracture located in the middle part significantly increased the risk of cosmetic 
defects. For the acromial part, there was no such risk for any endpoint. 
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Fracture type 
Comminuted fractures occurring more frequently in men is consistent with 
findings in several previous studies [Eskola 1986, Nordqvist 1994, Robinson 1998]. 
 Comminuted fractures were highly predictive of bad cosmetic results at the 
short-term and long-term follow-up. 

Displacement
Eskola and et al examined 83 patients out of 118 two years after a clavicular 
fracture. They found that patients with a primary displacement of more than 15
mm or with shortening observed at the follow-up examination had statistically 
significantly more pain than patients without these findings [Eskola 1986].
 Robinson found that displacement in the middle part with comminution was 
associated with an increased risk of delayed union or nonunion [Robinson 1998].
 Our findings show that displacement without bony contact, and especially 
with a transversally placed fragment was the strongest radiographic risk factor 
for sequelae at 6 month and at the 10 year follow-up, as well as for pain at rest, 
pain during activity and cosmetic defects. In most cases, the estimated odds 
ratios for all of these endpoints were between 3 and 4 in the 10-year follow-up. 
 Both projections used in this study (0 degree view and the 45 degree tilted 
view) provided important information, as transversally placed fragments and 
ventro-dorsal displacement are not seen in the 0 degree view. 

Shortening 
There are different opinions in the literature as to whether shortening of the 
clavicle is associated with dysfunction of the shoulder. To our knowledge, 
previous studies exploring this question have been retrospective. The 
measurements have usually been done by comparing on radiographs the length 
of the fractured clavicle with the uninvolved side. An exception was Nordqvist 
et al, who also measured directly on the exterior of the patient at follow-up, but 
from manubrium sterni to the lateral aspect of the acromion [Nordqvist 1997].
 Pedersen found among 99 patients that 90% were pain-free after a mean 
follow-up of 36 months. Shortening and displacement was not a predictive 
variable for pain. However, patients with fractures in the acromial part had 
more pain at follow-up when there was a displacement compared to those with 
only shortening. No statistical significance was shown [Pedersen 1993].
 Blömer et al examined 151 patients and found that neither the axial angulation 
nor the shortening of the clavicle caused a dysfunction of the shoulder. 
Dysfunction was defined as symptoms of pain, fatigue, decreased mobility and 
dysconfiguration of the shoulder girdle, but also the cosmetic effects were 
considered. The follow-up time was between 6 to 48 months [Blömer 1977].
 Eskola and coauthors examined 83 patients out of 118, patients two years after 
the clavicular fracture. In his study, 47 patients had an average shortening of  
12 mm. Seventeen of them were experiencing pain (while the other 30 had no 
pain). Eleven patients had subjective abduction weakness, of whom eight 
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patients had a shortening of unknown length. Two patients with 20 mm 
shortening had pain at rest and grip strength reduction. It is unknown if these 
two had a nonunion or a malunion. Furthermore, 7 patients were under 15
years of age and the X-rays were only taken in the AP-view [Eskola 1986].
 In contrast, in a retrospective study of 110 patients with a nonoperative 
treatment of fractures of the acromial part, Nordqvist et al did not find any 
correlation between displacement and persisting pain and dysfunction. They 
included 73 undisplaced Neer type i fractures, 23 displaced Neer type ii 
fractures and 14 intraarticular Neer type iii fractures. At follow-up 95 shoulders 
were asymptomatic, 15 had moderate pain and dysfunction and were rated fair, 
while there were no patients with severe residual shoulder disability. There were 
10 nonunions, 8 of which were asymptomatic. These authors concluded that 
fracture of the acromial part of the clavicle did not require operation. The 
follow-up time was 180 months [Nordqvist 1993].
 In another study, Nordqvist evaluated the incidence and clinical significance of 
postfracture shortening of the clavicle in 85 patients. All patients were reexamined 
5 years after the fracture. They found that radiological shortening was most 
common after displaced midclavicular fractures and that shortening did not lead 
to disability of any importance or loss of motion or strength. It should be noted 
that 42 of the patients were under 15 years of age [Nordqvist 1997].
 Oroko et al found 3 patients out of 41 with shortening of 15 mm or more 
who had low Constant disability scores but this could be attributed to other 
factors. They could not demonstrate any relationship between clavicular 
shortening and shoulder function. The patient were reviewed at a median of  
10 months [Oroko 1999].
 Hill et al found that initial shortening (day one) at the fracture site of 20 mm 
had a highly significant association with nonunion (p<0.0001) and the chance 
of an unsatisfactory result. Final shortening of 20 mm or more was associated 
with an unsatisfactory result, but not with nonunion [Hill 1997]. This study was 
retrospective and of the 66 patients with a fracture of the middle part, 47 were 
examined radiographically. All of these fractures were completely displaced. It is 
unclear whether the radiographic projections were standardized and whether it is 
the displacement or the shortening that gives the unsatisfactory result, or a 
combination.  
 I analyzed all the initial radiographs and found a discrepancy between the 
same projections in the same hospital. The projections must be utterly 
standardized to enable correct conclusions. In my experience the fracture will 
be stabilized, i.e. shortening and displacement at the fracture site will not 
change after about a week. In other words, operation should not be considered 
until 5-7 days has passed.  
 With standardized radiographs, our study showed that shortening of the 
clavicle, measured as the difference between the injured and noninjured 
clavicle, from the St-Cl joint to the AC joint was not predictive of sequelae. 
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However, shortening defined as overlapping at the fracture site was a significant 
predictor of cosmetic defects after 10 years, with an estimated odds ratio of 3.6.
 Shortening defined as the difference in length between injured and non-
injured clavicles is probably not a reliable predictor of sequelae, because an 
intraindividual difference between clavicles also exists for subjects without 
previous clavicle injuries. This natural difference between clavicles will bias the 
measurement of the true shortening caused by trauma, tables 15-16.
 In these tables, the range in difference in length between left and right 
clavicle was 34 mm with no previous injuries of the clavicle (unpublished data), 
and 54 mm described by McCormick et al [McCormick 1991]. The range in 
difference in length between fractured and nonfractured clavicle in the present 
study was 48 mm, see table 15 C. 
 When measuring differences in length between the fractured and nonfractured 
clavicle in a patient, it is therefore important to consider the normal intraindividual 
variation, as this difference might cause an over- or underestimation of the true 
shortening.  

Nonunion 
In our epidemiological study (1989-91) with 185 patients, the nonunion 
frequency was in accordance with the findings of Robinson who reported 4.3%
for midshaft fractures but not for the acromial part where he found 6.8%
[Robinson 1998].
 Nordqvist et al found the nonunion rate for midshaft fractures to be 3.8%,
with a higher nonunion rate of 11% for acromial fractures [Nordqvist 1998].
 Robinson showed that 28 out of 29 nonunions of the middle part had 
symptoms and required operation. These fractures were displaced and half of 
them were comminute. However, 10 of the 19 nonunions of the acromial part 
that were initially displaced were symptomatic [Robinson 1998].
 On the other hand Nordqvist showed that of 10 nonunions of the acromial 
part, only two had moderate pain [Nordqvist 1993].

In the short term study with 245 patients, we found nonunions in 6.7%.
All our nonunions were symptomatic. Thirteen per cent of the women got a 
nonunion but only three per cent of the men did. The mean age for women 
developing a nonunion was 33.6 years and for men 35.3 years. The corresponding 
ages for patients with a union were 33.2 and 30.0 for males and females, 
respectively. The total mean age for the whole cohort was 31 years. We found one 
nonunion in the sternal part. We do not have any explanation for the uneven 
gender distribution with respect to nonunion.  
 The observed differences in nonunion frequency might be related to the 
chosen definition of a nonunion. In this study the time limit was set at  
6 months after fracture as in the Robinson series [Robinson 1998].
 We found no higher risk for nonunions in smokers. 
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Sequelae 
The main finding in the present study was that almost half of the patients 
claimed sequelae 6 months after injury as well as after 10 years. As many as 
46% of the patients did not consider themselves as fully recovered (sequelae) 
after such a long time as 10 years. More specifically, 9% had still pain at rest, 
29% had pain during activity and 27% had cosmetic defects from the fracture. 
 An increasing number of fragments was also associated with an increased risk 
of sequelae. table 7+10.
 This proportion is far greater than what we expected, and also more extensive 
than previously reported by other authors. The discrepancy when compared 
with previous studies is probably due to the more extensive evaluation in the 
present study, including a number of outcome variables that are important to 
the patient and not just the rate of nonunion [Blömer 1977, Eskola 1986,
Hill 1997, Nordqvist 1997, Nordqvist 1998, Robinson 1998, Oroko, 1999].

Furthermore, to our knowledge no article has yet described a longitudinal 
study with a consecutive series of patients with clavicular fractures, where the 
data are representative of an adult population. 

Mimum pain / pain at rest and Cosmetic defects 
In a series of 157 patients, Kohaus et al found that more than 50% complained 
about the cosmetic result [Kohaus 1980].
 Hill et al showed that 54% of patients found the end result cosmetically 
displeasing [Hill 1997].

Our own studies show high odds ratios for pain at rest in displaced fractures in 
projection 1 and in fractures with no bony contact, table 11.
 Patients who had pain at rest and those who were not satisfied with the 
cosmetic outcome had the same time course pattern and both categories are 
easily recognizable, fig 20a+b. For both of these categories, the median and 
mean values of the VAS-score show nearly the same constant level of intensity 
during the same time for the subgroup that experienced sequelae more than  
6 months, fig 21 a+b. Patients that experiences pain at rest and/or cosmetic 
defects up to twelve weeks after the fracture have a higher risk for sequelae. 
 We found that a fracture in the middle of the clavicle was a significant risk 
factor for a bad cosmetic result, elevating the estimated risk after 6 months by 
nearly 60% in compared to an acromial fracture. An elevated risk was also 
associated with a comminute fracture type, in particular one with transversally 
placed fragments. A comminute fracture type was a significant risk factor with 
respect to all symptoms and sequelae, except for paresthesia and nonunion.  
Comminute fractures with transversally placed fragments were associated with 
cosmetic defects, while angulation of the fracture showed no such association, 
table 7+13
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Maximum pain / pain during activity and Strength reduction 
For maximum pain/pain during activity and Strength reduction the recovery 
patterns were similar–probably due to a natural connection between a reduction 
in strength and pain, fig 20c+d and 21 c+d. Highly predictive variables for pain 
during activity are seen in fractures with displacement with or without no bony 
contact in both projections, tables 7+12.
 In table 14, VAS-scores for minimum pain/pain at rest and maximum pain/pain 
during activity after 10 years were crosstabulated. Twenty-nine per cent (59)
patients still had pain during activity of 3 or more on the VAS-scale. Note that 
9% (19) patients had both pain at rest and pain during activity which is a 
manifest disability after such a long time.  

Paresthesia 
We could not find any statistically significant risk factors for paresthesia at six 
months after injury other than advancing age. Paresthesia might occur a long 
time after the accident. In table 17, one can see the distribution of paresthesia 
at the 6 month and the 10 year follow-up.  
 Of the 11 patients who had paresthesia on both follow-ups, all except one had 
displacement in one or both projections of one bone width or more. In the 
group of 13 patients who had paresthesia on the long-term follow-up, all except 
three had displacement in one or both projections of one bone width or more.  
 Many of these patients were operated with good results. This is described in 
the malunion chapter on the next page. 
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malunion study (iv)

There are some case reports in the literature of a neurophysiologically verified 
brachial plexus lesion after a clavicular fracture. These cases occurred in 
conjunction with a malunion or a nonunion and were treated with internal 
fixation using a plate or Knowles pins [Barbier 1997, Chen 2000]. Total or 
partial claviculotomy has also been used as a treatment in cases with plexus 
lesions following clavicular fractures [Enker 1970, Lusskin 1967]. Other authors 
have noted the delay between the fracture and the onset of the 
paresthesia/numbness [Campbell 1949, Reichenbacher 1987, Jahn 1989, Della 
Santa 1991, Chen 2000]. The reason for the late development is probably the 
gradual build-up of a large callus formation which will finally encroach on the 
costoclavicular space causing impingement of the medial cord of the brachial 
plexus. It has been shown in previous studies [Kay 1986, Connolly 1989] that 
hypertrophic nonunions might reduce the costoclavicular space in a similar 
way as following a malunion with displacement of the main segments and 
transversally placed intermediate fragments. 

The main finding in the present study was the pronounced reduction in 
paresthesia/numbness as well as pain in almost all patients and that there were 
no need for an internal fixation as the fracture had healed. It was only the 
excessive hypertrophic callus formation that was excised.  
 It must be emphasized that several of the patients were operated after many 
years of persistent severe symptoms.  
 The second important finding was the lack of pathological neurophysio-
logical finding in the presurgical examinations. One reason for discrepancies 
between symptoms and neurophysiological findings is the fact that the 
neurophysiological parameters (both the neurography and EMG) mainly reflect 
motor nerve function, including parameters measured during provocation, 
while symptoms from the patients mainly originate from the sensory nerve. 
This is due to methodological difficulties in recording conduction block locally 
under the clavicle. However, sensory axonal damage should have been detected 
with the assessed parameters. As no sensory motor axonal damage or any motor 
axon lesion with focal demyelination had taken place, the prompt effect of 
operation in some of the patients can be fully explained. 
 We believe that the homogenous response of the patients treated to some 
extent outweighs the limited number of patients and the lack of a control 
group. As we thought that there might be a possibility of spontaneous recovery 
all patients were followed for at least six months before surgery, i.e. they served 
as there own controls. Once the diagnosis with hypertrophic callus combined 
with paresthesia and numbness had been established, it was considered 
unethical to deny the patients active treatment.  
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nonunion study (v) 

Most clavicular fractures heal uneventfully following nonoperative treatment, 
although a nonunion rate of 3-5% is common [Nordqvist 1994, Robinson 1998,
Nowak 2000]. A nonunion can be present without severe symptoms and 
surgery will therefore not always be indicated. Wilkins claimed that symptoms 
often disappear in patients with atrophic nonunions [Wilkins 1983]. All 
patients included in this study had symptoms that were disabling despite an 
average latency of about two years between the time of injury and surgery, a 
finding that corresponds to that of Laursen and Døssin [Laursen 1999].
 The literature has shown several surgical techniques to treat nonunion of the 
clavicle including intramedullary pin fixation, [Neer II 1960, Paffen 1978] plate 
fixation [Edvardsen 1977, Karaharju 1982, Hierholzer 1984, Manske 1985,
Eskola 1986, Jupiter 1987] and external fixation [Schuind 1988]. Intramedullary 
fixation with Steinmann pins [Capicotto 1994], Knowles pins [Connolly 1989]
or K-wires does not control rotation unless external plaster cast is used 
[Johnson 1963]. Such instability at the nonunion site might compromise bone 
healing as well as implant migration [Bronz 1981]. By using a modified Hagie 
pin [Boehme 1991] that provided improved stability good results were seen in 
95% of cases.  
 Due to the considerable loads in bending and torque the plates must be 
strong. Bradbury et al encountered very good bone healing in 31 out of 32
patients. They found no plate breakage when using a dynamic compression 
plate or a reconstruction plate for fixation of clavicular nonunions [Bradbury 
1996].
 The reason for loss of sensibility around the scar was due to the supraclavicular 
nerves not being identified and protected in any of the cases. To avoid this the 
surgeon has to identify the nerves, if necessary under magnification, and protect 
the nerve branches during surgery [Simpson 1996].  As expected the sensibility 
was better in the EF-group due to less extensive soft tissue exposure.  
 The healing time for the RP group was significant shorter when compared 
with the EF group There was no significant difference in functional outcome 
between groups at follow up. 

The reconstruction plate was a better alternative than external fixation due to 
faster and more reliable healing. Patients commonly considered the external 
frame cumbersome.  
 Reconstruction plates provide good stability, but they have to be carefully 
contoured in order not to cause problems with the skin. This is especially 
important at the medial aspect of the clavicle. We have noticed that if this is 
not done, it is often the reason for patients wanting the plate to be extracted 
since it protrudes medially. 
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miscellaneous 

Weather influence
Effenberger found that among 159 clavicular fractures, not one was affected by 
the weather [Effenberger 1981]. In another study, two out of 9 operated 
nonunions of the clavicle had symptoms such as occasional pain related to 
weather [Nikiforidis 1996].
 We found that 11% (29) were affected by the weather. 

Type of sling 
At the 10-year follow-up, many of the patients who still had symptoms after their 
clavicular fracture were annoyed by the triangular sling they got at the emergency 
ward and would have prefered a figure-of-eight, “which a friend who lived in 
another county got–and he/she has no problems today”.  
 Halfway through the 10-year follow-up, I therefore started to ask the patients: 
“If you should fracture your clavicle again, what would you prefer – the trangular 
sling or a figure-of-eight sling?” 

WHAT SLING WOULD YOU PREFER IF YOU HAD A NEW FRACTURE?

Fracture location 
n (%) 

Acromial 
4 (2%) 

Middle
175 (71%) 

Sternal
66 (27%) 

Type of sling 
Triangular shaped 77 (50) 29 (71%) 47 (42%) 1 (33%) 
Figure-of-eight 63 (40) 10 (24%) 52 (47%) 1 (33%) 
Does not matter 15 (10) 2 (5%) 12 (11%) 1 (33%) 

Considering all locations, half of the patients would have liked to have the 
same triangular sling while 40% would have wanted to change to a figure-of-
eight. For the acromial part, 71% were satisfied while 24% wanted to change. 
For the middle part, 42% were satisfied while 47% wanted to change.  
 There was a significant difference (p=0.0079) between the acromial and 
middle part concerning what kind of sling the patient would have preferred, 
irrespective of the fact that what kind of sling is used, does not appear to 
matter for the healing process [Andersen 1987].

General Joint Laxity 
Since I presented the long-term and the malunion studies I have had many 
referrals of patients with rest symptoms after clavicular fractures and nearly all 
of them have had general joint laxity. Perhaps this is the crucial variable for 
operative treatment initially.  
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CONCLUSIONS 

Epidemiology, short-term and long-term 
Displacement, especially with no bony contact in the initial radiographs, 
was a statistically significant risk factor for sequelae.  
Comminute fractures, especially if including transversally placed 
fragments, were associated with a significantly increased risk of remaining 
symptoms. An increasing number of fragments was also associated with an 
increased risk of sequelae. 
Patients with remainig symptoms after 6 months were on average older at 
the time of injury as compared to patients without remaining symptoms.  
Advancing age was also a significant risk factor for sequelae – specifically 
pain at rest – still after 10 years. 
There was no difference between gender with respect to the risk of 
sequelae, except for nonunion. 
Fracture location did not predict outcome, except for cosmetic defects 
(middle part). 
Shortening defined as overlapping at the fracture site was a significant risk 
factor for cosmetic defects after 10 years. 
Patients who experience pain at rest and/or cosmetic defects more than 
twelve weeks after the fracture have a higher risk for sequelae. 

Malunion 
Removal of excessive callus in patients with persistent symptoms even 
several years after the fracture showed a good outcome.  
One does not have to stabilize the clavicle with ostheosynthesis if the aim 
of the operation is just to reduce excessive callus formation.  
Negative neurophysiological findings are probably favorable signs as they 
indicate the absence of permanent nerve damage.  

Nonunion 
Symptomatic clavicular nonunions should be treated with surgery. 
Reconstruction plate combined with cancellous bone gave a high healing 
rate and good functional outcome. 

Radiographic views 
The anteroposterior view and the 45° tilted view should always be part of a 
radiographic examination of the clavicle Transversally placed fragments are 
not seen in the 0° view.  
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AREAS FOR FURTHER RESEARCH 

Investigate whether known classification systems are predictive of the 
functional outcome in patients with reference to the data in the short-term 
and long-term studies. 

Combine the short-term and long-term data to further analyze predictive 
risk factors for rest symptoms.  

Re-examine the same cohort with special interest in general joint laxity.  

Further analyze clavicular shortening and rest symptoms, also with special 
interest in general joint laxity. 

Prospectively randomize patients with displaced fractures and transversally 
placed fragments into two groups. One would receive nonoperative 
treatment and one stabilization. The aim would be to see whether the 
operated group would have fewer rest symptoms than the control group.  

Investigate the AC joint with the RSA technique to be able to differentiate 
rotation from translation when elevating the arm. The aim would be to 
optimize postoperative rehabilitation with special emphasis on the bone 
chips in nonunions and postfracture treatment.  

The questionnaire that was sent to more than 80 orthopedic and surgical 
departments in 1988 was repeated in 2001. It will be repeated once again 
in the future. The aim is to see whether diagnostic and treatment options 
change over time when new knowledge is presented.  
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ABSTRACT-English 

Over a three-year period (1989-91), all patients with a radiographically verified 
fracture of the clavicle living in the county of Uppsala, Sweden, were followed 
prospectively and consecutively (n=245).
 The epidemiological study (i) was restricted to the two first years, with 187
fractures in 185 patients. The short-term study (ii) with 6 month follow-up 
involved 222 patients. The long-term study (iii) with 10-year follow-up 
involved 208 patients. The malunion study (iv) included eight patients and the 
nonunion study (v) had 24 patients, all of whom were operated consecutively 
between 1988 and 2000.

Displacement, especially with no bony contact in the initial radiographs, was a 
statistically significant risk factor for sequelae.  
 Comminute fractures, especially if including transversally placed fragments, were 
associated with a significantly increased risk of remaining symptoms. An increasing 
number of fragments was also associated with an increased risk of sequelae. 
 Patients with remainig symptoms after 6 months were on average older at the 
time of injury as compared to patients without remaining symptoms. Advancing 
age was also a significant risk factor for sequelae – specifically pain at rest – still 
after 10 years. 
 There was no difference between gender with respect to the risk of sequelae, 
except for nonunion.  
 Fracture location did not predict outcome, except for more cosmetic defects 
(middle part). 
 Shortening defined as overlapping at the fracture site was a significant risk 
factor for cosmetic defects after 10 years. 
 Patients who experience pain at rest and/or cosmetic defects more than 
twelve weeks after the fracture have a higher risk for sequelae. 
 The radiographic examination should always consist of two projections: the 
AP (0°) view and the 45° tilted view. Transversally placed fragments are not 
seen in the 0° view. 

Removal of excessive callus in patients with persistent symptoms, even several 
years after the fracture, showed a good outcome. One does not have to stabilize 
the clavicle when excising the hypertrophic callus. 
 Symptomatic clavicular nonunions should be treated with surgery. The 
reconstruction plate was a better alternative than external fixation due to faster 
and more reliable healing. Patients commonly considered the external frame 
bulky and inconvenient. 
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ABSTRACT-Swedish 

Samtliga patienter boende i Uppland som ådragit sig en röntgenverifierad clavikel-
fraktur under treårsperioden 1998-91 (n=245) följdes prospektivt och konsekutivt upp 
till 10 år efter skadetillfället. 
 Den epidemiologiska studien (i) begränsades till de två första åren med 187
frakturer hos 185 patienter. Kortidsstudien (ii) med sex månaders uppföljning 
omfattade 222 patienter. Långtidsstudien (iii) med tio års uppföljning omfattade 
208 patienter. Studien med felläkta clavikelfrakturer (iv) inkluderade åtta patienter 
och studien med clavikelpseudoartroser (v) baserades på 24 patienter. Dessa 
opererades konsekutivt under åren 1988-2000.

Dislokation - speciellt utan benkontakt - på de initiala röntgenbilderna var en 
statistiskt signifikant riskfaktor för kvarstående besvär från nyckelbenet. 
 En komminuta fraktur - i synnerhet om det fanns ett tvärställt intermediär-
fragment - medförde också en statistiskt signifikant ökad risk för kvarstående 
besvär från nyckelbenet. Med ett ökat antal fragment följde även en ökad risk 
för kvarstående besvär. 
 Patienter med kvarstående besvär sex månader efter olyckstillfället var i 
genomsnitt signifikant äldre vid olyckstillfället jämfört med patienter utan 
kvarstående besvär. Stigande ålder var också en signifikant riskfactor för besvär 
- speciellt vilovärk ännu efter 10 år. 
 Det var ingen skillnad mellan kön vad gäller risken för sequele, med undantag 
för pseudoartros. 
 Frakturlokalisation till mellersta delen av nyckelbenet är en signifikant risk-
faktor för kosmetiska besvär. 
 Förkortning mätt som överlappningen av frakturändarna i frakturspalten är en 
signifikant riskfaktor för kosmetiska besvär efter 10 år. 
 Patienter som upplever vilovärk och/eller kosmetiska besvär mer än tolv veckor 
efter frakturtillfället har större risk att få restsymptom. 
 Röntgenundersökningen skall alltid bestå av två projektioner: Anterioposteriora 
(0°) projektionen framifrån och den 45° projektionen underifrån. De tvärställda 
intermediärfragmenten syns inte i den anterioposteriora projektionen. 

Bortagande av hypertrofisk callusvävnad hos patienter med kvarvarande 
symptom efter en clavikelfraktur ger goda resultat även flera år efter fraktur-
tillfället. Man behöver inte stabilisera clavikeln vid bortagandet av den hyper-
trofiska benvävnaden. 
 Symptomatiska clavikelpseudoartroser bör opereras. Rekonstruktionsplatta är 
ett bättre alternativ än externfixation vad anbelangar läkning. Patienterna ansåg 
externfixations instrumentariet var skrymmande och obekvämt. 
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