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Sequelae from clavicular fractures are common

A prospective study of 222 patients
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Background Nonoperative treatment is preferred for
clavicular fractures irrespective of fracture and patient
characteristics. However, recent studies indicate that
long term results are not as favourable as previously
considered.

Methods We have identified predictive risk factors
associated with demographic and baseline data on cla-
vicular fractures. In particular, the following symptoms
were investigated: pain at rest, pain during activity,
cosmetic defects, reduction in strength, paresthesia and
nonunion until 6 months after injury. We followed 222
patients with a radiographically verified fracture of
the clavicle, and who were at least 15 years of age, for
6 months.

Results Nonunion occurred in 15 patients (7%). 93
patients (42%) still had sequelae at 6 months. Displace-
ment of more than one bone width was the strongest
radiographic risk factor for symptoms and sequelae.
Both radiographic projections used in this study (0° and
45° tilted view) provided important information. A com-
minute fracture and higher age were associated with
an increased risk of symptoms remaining at 6 months.
Shortening was not predictive of functional outcome;
nor was the site of the fracture in the clavicle.

Interpretation The risk for persistent symptoms fol-
lowing nonoperative treatment of clavicular fractures
was far higher than expected. Based on these findings
it seems reasonable to explore the possibly use of alter-
native treatment options including surgery for certain
clavicular fracture types.

When this study was initiated, nonoperative treat-
ment was the rule—irrespective of the type of cla-
vicular fracture (Rowe 1968, Paffen and Jansen
1978, Kohaus and Sasse 1980, Schmit-Neuerburg
and Weiss 1982, Langenberg von 1987, Stanley
and Norris 1988). Only a few reports, mostly retro-
spective and involving a small number of patients,
have described the occurrence of complications
such as shortening, deformity, nonunion, neuro-
vascular affection and different subjective dis-
abilities (Ali Khan and Lucas 1978, Effenberger
1981, Zenni Jr et al. 1981, Echtermeyer et al. 1984,
Eskola et al. 1986, Jupiter and Leffert 1987). In
a recent publication, we reported on the etiology
and epidemiological aspects of a defined subgroup
from the present prospective patient series (Nowak
et al. 2000). The objective of the present study was
to describe the natural history and to identify risk
factors associated with the outcome of clavicular
fractures.

Patients and methods

During a 3-year period (1988-1991), 245 patients
=15 years of age and living in the county of
Uppsala, Sweden, with a radiographically verified
fracture of the clavicle were included consecutively
in a prospective study. At the time of fracture of
the clavicle, the patients answered questions from
a specific questionnaire. This was followed by an
interview by JN, to clarify different aspects of and
details relating to the fracture. Additional clinical
and radiographic examination was done according
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to a strict protocol. Patients were examined 1, 2, 3
and 6 months after the fracture. The standardized
radiographic examination was done after 1 week
and at 6 months.

Radiographic variables

We used anteroposterior 0° and 45° tilted radio-
graphic views to describe different characteristics
of the fractures. 3 different fracture locations were
identified: the acromial, middle and sternal part.
A point just medial 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 located
medial to the lateral border of the first rib. The frac-
ture was classified according to the site of the main
part of the fracture (Nowak et al. 2000).

On each radiograph, the cortices were evaluated
for the amount of bridging. Healing was defined
as the disappearance of the cortical interruption at
the fracture site as a result of callus formation. If
the fracture had not healed within 6 months, it was
classified as a nonunion. The type of fracture was
determined and the degree of displacement was
measured, both in mm and in relation to the bone
width of the clavicle. Shortening was defined as
being positive if the main fragments overlapped by
more than 5 mm in one or both projections.

Definition of the baseline and endpoint vari-
ables

The baseline data were: age, sex, smoking, frac-
tured side and dominant side, fracture location,
fracture type (angulation, transverse, oblique,
comminute with or without transversally placed
fragments), shortening, displacement between the
main fragments of the clavicle, and bony contact
between the main fragments of the clavicle and
the fragments at the fracture site. The endpoint
sequelae were defined by the patient’s answer to
“Are you fully recovered from your clavicular
injury?” (yes/no), and the answer to the ques-
tion “If so, after how many weeks?” constituted
recovery time. Other endpoints (pain at rest, pain
during activity, strength reduction and cosmetic
defects) were based on answers recorded on a VAS
scale (0-10). These variables were also used after
dichotomization (e.g. pain at rest = no/yes).

Statistics

The association between demographic and base-
line variables and the outcome of different end-
points at 6 months 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 statisti-
cally significant. Selected subgroups of patients
were compared at 6 months using estimated rela-
tive risks with 95% confidence intervals.

Results
Patient characteristics at baseline (Table 1)

The mean age was 31 (15-67) years and one-third
of the patients were women. Most of the fractures
(71%) were situated in the middle part of the clav-
icle. Comminute (41%) and spiral/oblique (38%)
fracture types were most common, while trans-
verse fractures occurred in 21% of all patients.
Comminute fractures with transversally placed
fragments seemed to be associated with cosmetic
defects, while both angulation of the fracture and
shortening showed no such association.

Description of the healing process of clavicu-
lar fractures

After 6 months, 126 (57%) of the 222 patients had
recovered completely, while 93 (42%) were still
not fully recovered. 3 patients did not answer this
question. Nonunion occurred in 15 of 222 (7%).
The median time to complete recovery without
sequelae was 4 months, with a minimum of 3
weeks.

The patients were divided into 3 groups: those
who recovered completely in less than 6 months,
those with symptoms still present at 6 months, and
those who developed nonunion. All patients with
nonunion had some degree of remaining symp-
toms. The time course of 5 symptoms (pain at rest,
pain during activity, strength reduction, paresthe-
sia, cosmetic defects) in the 3 groups is given in
Figure 1.

Pain during activity was experienced initially by
nearly all patients, but the rate fell rapidly during
the first 3 months for those whose symptoms lasted
for less than 6 months. In the other 2 groups, pain
during activity persisted in 72% (nonunions) and
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Table 1. The demographic and baseline characteristics
of the 245 patients who were included in the study, and
of the 222 patients who attended the 24-week follow-up
visit

Variable All clavicular fractures
included attending
the 24 weeks
follow-up
n =245 n =222
Age, mean (SD) 31 (13) 31 (13)
Sex
Female, n (%) 68 (28) 64 (29)
Male, n (%) 177 (72) 158 (71)
Smoking
Yes, n( %) 99 (49) 94 (50)
No, n (%) 101 (51) 94 (50)
Injured side
Dx, n (%) 118 (48) 106 (48)
Sin, n (%) 127 (52) 116 (52)
Dominant side
Dx, n (%) 212 (92) 194 (92)
Sin, n (%) 19 (8) 17 (8)
Location
Acromial, n (%) 66 (27) 61 (27)
Middle, n (%) 175 (71) 157 (71)
Sternal, n (%) 4(2) 4 (2)
Intraarticular
Yes, n (%) 6 (2) 5(2)
No, n (%) 239 (98) 217 (98)
Angulated
Yes, n (%) 28 (11) 25 (11)
No, n (%) 217 (89) 197 (89)
Fracture type
Comminute, n (%) 99 (41) 88 (40)
Spiral/oblique, n (%) 94 (38) 86 (39)
Transverse, n (%) 52 (21) 48 (22)
Transversely placed
fragments
Yes, (%) 31(32) 28 (33)
No, (%) 66 (68) 58 (67)
Number of fragments (%)
0 146 (60) 134 (61)
1 38 (16) 33 (15)
2 49 (20) 44 (20)
=3 12 (4) 11 (4)

Displacement
0° view (bone width)

<05 118 (48) 106 (48)
0.5-1.5 82 (34) 75 (34)
15-25 45 (18) 41 (18)
45° view (bone width)
<0.5 111 (45) 102 (46)
0.5-1.5 72 (30) 65 (29)
1.5-2.5 52 (21) 46 (21)
=25 10 (4) 9 (4)
Shortening 0° view
Yes (%) 35 (15) 34 (16)
No (%) 204 (85) 183 (84)
Shortening 45° view
Yes (%) 23 (10) 22 (10)
No (%) 217 (90) 196 (90)

89% of the patients. The pain originated only from
the clavicle. The same pattern was seen for strength
reduction. The frequency of remaining paresthesia
was low in patients who recovered completely
before 6 months, while about 20% of patients who
reported late sequelae or had a nonunion experi-
enced paresthesia. In the group who had symp-
toms at 6 months, 80% experienced cosmetic
defects, 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 6 months the proportion who reported cosmetic
defects declined from about 50% at 4 weeks to
almost zero at final follow-up. The same pattern
was seen for pain at rest.

Risk factors associated with the outcome of
clavicular fractures (Table 2)

Age was a significant risk factor for all of the out-
come variables except nonunion. There was no
significant association between gender or smoking
and the outcome variables. However, 13% of the
women developed a nonunion while this was the
case in 3% of men. Smokers did not have a higher
occurrence of nonunions. The locations of the non-
unions in women were 2 in the acromial part and
7 in the middle part, while for men the locations
were 3 in the acromial part, 2 in the middle part
and 1 in the sternal part. Fracture in the middle of
the clavicle was a risk factor for a bad cosmetic
result, elevating the estimated risk by nearly 60%
compared to an acromial fracture. An elevated risk
was also associated with a comminute fracture
type, in particular one with transversally placed
fragments. Comminute fracture type was a risk
factor for all symptoms and sequelae except par-
esthesia and nonunion. Displacement between the
main fragments in the anteroposterior view and the
45° tilted view was associated with an increased
risk of remaining symptoms, especially if displace-
ment occurred in both projections at the same time.
Shortening in either of the two views was not a
significant risk factor for remaining symptoms at
6 months.

In order to illustrate the importance of some of
the risk factors found in this study, we compared
some patient groups. For example, when compar-
ing fractures in women where the displacement was
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Figure 1. Symptoms of clavicular fractures. Relative fre- 100
quency (%) of patients with different types of symptoms
at follow-up visits 4, 8, 12 and 24 weeks after injury. The 90 1
patients were divided into three different subgroups: 80 1
sequelae for < 6 months, sequelae for = 6 months, and
nonunion. 70 1
60
50
1 bone width or more in any projection (0 or 45°) 40 1
at baseline vs. women without displacement, the
estimated relative risk of sequelae at 6 months was 307
2.2 (95% CI: 1.2-4.1). When comparing women 20 1
with displacement of more than 1 bone width in 101
any projection vs. men with displacement of more
o
than 1 bone width in any projection, the relative 0 4 s 18 16 20 o1
risk of sequelae after 6 months was 1.5 (CI: 1.0- Weeks
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Table 2a. Outcome variables at 24 weeks after the clavicular injury by patient characteristics at the time of

injury

Characteristics at Pain at rest Pain during activity Strength reduction Paresthesia
the time of injury yes no p-value yes no p-value yes no p-value yes no p-value
n 64 155 86 133 90 129 23 199

Age, mean 38 29 36 28 35 28 38 30.4
(SD) 13 12 <0.001 13 12 <0.001 13 12 <0.001 13 126 0.005
Sex

Female 21 43 31 33 3il 33 8 56

Male 43 112 0.5 55 100 0.07 59 96 0.2 15 143 0.5
Smoking

Yes 32 59 40 51 40 51 10 84

No 21 73 0.05 32 62 02 36 58 0.04 8 86 0.6
Location

Acromial 17 44 22 39 26 35 6 55

Middle 45 109 0.8 62 92 0.8 62 92 0.8 17 140 08

(Sternal) 2 2 2 2 2 2 0 4
Fracture type

Comminute 37 49 42 44 49 37 13 75

Spiral/oblique 17 68 0.002 31 54 0.04 27 58 <0.001 6 80 0.2

Transverse 10 38 13 35 14 34 ' 4 44
Intraarticular

Yes 1 4 1 4 2 3 0 5

No 63 151 0.6 85 129 04 88 126 10 23 194 0.4
Angulated

Yes 4 21 8 17 6 19 1 24

No 60 134 01 78 116 04 84 110 0.06 22 175 0.3
Comminute

Transverse 10 17 13 14 16 11 3 25

Not transverse 24 31 0.5 28 25 0.9 31 16 0.7 10 18 0.4
Displacement

0° view (bone width)

<05 21 84 35 70 33 72 10 96

0.5-1.5 25 48 0.003 30 43 0.05 37 36 0.01 4 71 0.3

1.5-25 18 23 21 20 20 21 9 32

45° view (bone width)

<05 19 83 31 71 29 738 6 96

0.5-1.5 21 43 27 37 28 36 10 55

15-25 21 24 <0001 25 20 0907 29 16 0001 7 39 O

=25 3 5 3 5 4 4 0 9
Shortening 0° view

Yes 12 20 14 18 14 18 4 30

No 51 131 0.08 71 111 0.6 75 107 0.8 19 164 0.8
Shortening 45° view

Yes 8 12 8 12 9 11 2 20

No 55 140 0.3 77 118 10 80 115 0.7 21 175 08
2.1). Finally, the estimated relative risk was 2.1 ] ]

Discussion

(CI: 1.2-3.5) when comparing patients > 50 years
of age with displacement of half a bone width or
more in any projection vs. patients < 25 years of
age with displacement of half a bone width or
more.

Our main finding was that almost half of the
patients had symptoms from the fracture of the
clavicle even 6 months after injury. The proportion
of symptomatic patients was greater than expected
on the basis of previous reports (Blomer et al. 1977,
Eskola et al. 1986, Hill et al. 1997, Nordqvist et al.
1997, 1998, Robinson 1998, Oroko et al. 1999).
The discrepancy in the frequency of long-lasting
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Table 2b. Outcome variables at 24 weeks after the clavicular injury by patient characteristics

at the time of injury

Characteristics at Cosmesis Sequelae 6 months Nonunion
the time of injury yes no p-value yes no p-value yes no p-value
n 73 140 93 126 15 230
Age, mean 35 29 36 28 34 30.8

(SD) 13 1p <0001 13 1p <0001 12 129 %3
Sex

Female 25 39 33 31 9 59
Male 48 101 0.3 60 95 0.08 6 171 0.004
Smoking

Yes 29 56 40 51 5 94

No 30 64 0.8 39 5 0.7 8 93 04
Location

Acromial 14 45 21 40 5 61
Middle 57 93 0.05 70 84 01 9 166 05
(Sternal) 2 2 2 2 1 8
Fracture type

Comminute 41 42 50 36 2 97
Spiral/oblique 19 63 29 56 9 85 0.08
Transverse 13 35 <0001 14 34 0001 4 48
Intraarticular

Yes 1 3 1 4 0 6

No 72 137 0.6 93 122 0.3 15 224 0.5
Angulated

Yes 6 17 8 17 0 28

No 67 123 04 85 109 0.3 15 202 05
Comminute

Transverse 18 9 17 10 1 30

Not transverse 22 32 0.03 32 25 0.5 1 65 0.6
Displacement

0° view (bone width)

<05 24 77 33 72 3 115
0.5-1.5 30 42 0.001 37 36 0.001 6 76 0.006
1.5-2.5 19 21 23 18 6 39

45° view (bone width)

<05 19 80 29 73 3 108
0.5-1.5 25 36 31 33 7 65
15-25 25 o 0001 28 17 <0001 5 47 %7
=25 4 4 5 3 0o 10
Shortening 0° view

Yes 15 17 16 16 2 33

No 58 119 01 76 126 0.4 12 192 10
Shortening 45° view

Yes 9 11 10 10 1 22

No 64 126 0.3 82 113 0.5 13 204 0.7

symptoms between our study and previous studies
is possibly due to our prospective study design and
the more extensive evaluation of our patients.

We cannot explain why nonunion was more
common in women. Contrary to what Robinson
(1998) found in a consecutive, retrospective study
of 1000 patients, all of our patients with nonunions
had persisting symptoms. In his series 9 of 19
nonunions of the acromial part and 1 of 29 in the
middle part, which were also displaced initially,

had no symptoms. In another retrospective study
by Nordqvist et al. (1993) 2 of 10 nonunions of
fractures in the acromial part had moderate pain.
Patients who experienced pain at rest and patients
who were not satisfied with the cosmetic outcome
had the same time course pattern. Our findings
suggest that if the patient experiences pain at rest
and/or cosmetic defects more than 3 months after
the fracture, an active treatment regime should
be considered. Eskola et al. (1986) examined 89
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of 118 patients 2 years after 1 clavicular fracture.
They found that patients with a primary dislocation
exceeding 15 mm or shortening at follow-up had
more pain. 11 patients had abduction weakness,
8 of whom had a shortening of unknown length.
Nordqvist et al. (1997) evaluated the incidence
and clinical significance of post-fracture shorten-
ing of the clavicle in 83 patients at least 5 years
after injury. It was found that shortening was most
common after displaced midclavicular fractures.
It should be noted that 42 of the 83 patients were
under 15 years of age. In a retrospective study, Hill
et al. (1997) found that initial shortening at the
fracture of = 20 mm was associated with nonunion
and an unsatisfactory result, while final shortening
of = 20 mm was associated with an unsatisfactory
result, but not with nonunion. All of these fractures
were completely displaced. Whether it was the
displacement and/or the shortening that gave the
unsatisfactory result is unclear. Oroko et al. (1999)
found that 3 of 41 patients had shortening of = 15
mm. These authors could not demonstrate any rela-
tionship between clavicular shortening and shoul-
der function (Constant score).

We found that primary displacement was the
strongest radiographic risk factor for sequelae at
6 months. Historically, treatment and follow-up
after clavicular fractures have been focused on
nonunions. Our observations indicate that a more
active approach, including surgery at an early
stage, may be worth considering in certain groups
of patients.
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