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The use of precontoured plates for midshaft
clavicle fractures is not always the best course
of treatment
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Abstract: Plate fixation has become the preferred approach for treating displaced midshaft clavicle fractures. However,
plate fixation of the clavicle presents several unique challenges, including its complex bony architecture and its immediate
subcutaneous location. In many cases, we have observed that precontoured implants do not conform to the clavicular
anatomy, and many patients complain of postoperative implant-related discomfort. A total of 111 clavicles, both left and
right sides, were examined to match two commonly used designs of anatomical pre-contoured superior anterior clavicle
plates, with and without lateral extension. The anteroposterior (AP) plane congruence of the plate to the underlying bone, the
vertical gap between the bone and plate, and the length of the plate that was off the bone either anteriorly and/or posteriorly
at both ends of the clavicle were measured. The scoring system was used to determine the fit of the implant on the clavicle as
anatomic, good, or poor. We found that the maximum superior bow of the clavicle was lateral to the midline by 30.75 mm
and 30.5 mm on the right and left sides, respectively. The magnitude of the bow was 4.28 mm and 4.46 mm on the right and
left sides, respectively. We also found that the plate was a poor fit in 75.86% of cases on the left side and 73.5% of cases on the
right side. Manipulating the plates during surgery was very difficult in the AP plane.
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Introduction

Plate fixation is the preferred treatment for displaced mid-
shaft clavicle fractures. It has been shown to improve func-
tional outcomes, patient satisfaction, and return to sports,
with lower rates of malunion and nonunion than nonopera-

tive treatment [1, 2]. However, plate fixation of the clavicle
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presents several unique challenges, including its complex
bony architecture and its immediate subcutaneous location
[3, 4]. These challenges can lead to postoperative complica-
tions, such as implant irritation, implant failure, persistent
loss of sensation, and wound complications requiring sec-
ondary operations for implant removal [2, 5-8].

To address and minimize the risk of hardware-related
complications, there are various designs of anatomical
precontoured plates available for the fixation of clavicle
fractures. Ideally, these 3.5 mm anatomical precontoured
plates, which are designed to fit on the superior surface of
the clavicle, should conform universally and have minimal
hardware-related complications compared to standard non-
contoured plates. However, the morphological variability
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of the clavicle in different populations makes it difficult to
provide a standard pre-contoured implant that fits the wide
range of clavicular shapes [9].

In many cases, when precontoured implants are used
to fix clavicle fractures, we have observed that the plates
do not conform to the clavicular anatomy. This can lead to
postoperative implant-related discomfort for many patients.
We conducted this study to confirm the congruence of com-
mercially available anatomical pre-contoured plates with dry
clavicles from the central Indian population. We also aimed
to suggest modifications to implant design based on our
findings.

Materials and Methods

One hundred and fifty skeletally mature dry clavicle
bones of either sex were examined for this study. These
bones were obtained from the departments of anatomy at
two government medical colleges in central India. Thirty-
nine specimens were excluded from the study because they
had gross anomalies, obvious callus, or broken parts. Two
commonly used designs of anatomical pre-contoured supe-
rior anterior clavicle plates (SACPs), with and without lateral
extension as shown in Fig. 1, were obtained from the market.
The Institutional Human Ethics Committee approval was
obtained through letter number IHEC-LOP/2020/IM0353,
and IEC/2021/1800 from AIIMS Bhopal and NSCB Medical
College before commencing the study.

Fig. 1. (A) Showing anatomical pre-countered superior anterior
clavicle plate (SACP) without lateral extension (B) anatomical pre-

countered SACP, with lateral extension.
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To measure the congruence of the plates, the clavicle was
secured on a stand designed for the study. The plates were
then fixed to the clavicle with elastic bands in the best pos-
sible congruent position, as would be done during surgery.
The mismatch of congruence, i.e., the difference in length
or distance between the medial and lateral ends of the plate,
was measured with digital vernier calipers with a resolution
of 0.1 mm, as shown in Fig. 2.

The following measurements were recorded: (1) antero-

Fig. 2. Showing the mismatch of congruence of length/distance at
the medial end of clavicle marked by black dotted line and red arrow
indicating the gap between clavicle and plate. At arrow 1, ther is mini-
mum gap while at arrow 3 the gap is maximum.

Puuy,

Fig. 3. Showing the measurement of anteroposterior congruence of
plate to the underlying clavicle at lateral end with reference to anterior
margin. If the plate is directed backwards as direction of red arrow,
the value noted in positive number and if it extends beyond the border
of bone, the value noted as negative as directed by yellow arrow.
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posterior plane congruence:the congruence of the plate to
the underlying bone was observed at the medial and lateral
ends of the clavicle. A negative value was recorded when the
plate extended beyond the margin of the underlying bone,
and a positive value was recorded for the width of bone that
was not covered by the plate, in either the anterior or poste-
rior directions (Fig. 3). (2) Vertical gap between the bone and
plate:the vertical gap between the bone and plate was mea-
sured at the medial and lateral ends of the clavicle (Fig. 4). (3)
Length of the plate off the bone:the length of the plate that
was off the bone either anteriorly and/or posteriorly at either
the medial or lateral end of the implant was measured (Fig. 2).

The scoring system proposed by Malhas et al. [10] was
used to determine the fit of the implant on the clavicle as
anatomic, good, or poor.

o Anatomic fit: the plate conformed perfectly to the bone and
each hole of the plate was well centered over the bone with no
significant anterior or posterior overhang and with less than 1
mm gap between the plate and bone.

« Good fit: the plate deviated from the bone by more than

Fig. 4. Showing vertical gap between the bone and plate at the medial

end of the clavicle. The gap is indicated by red arrow.
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1 mm, displayed anterior or posterior overhang, and re-
quired further contouring of the plate up to 30 degrees.

« Poor fit: there was a complete mismatch between the
plate and bone with at least one hole not over the bone, sig-
nificant overhang anteriorly and posteriorly, and a require-
ment to bend the plate more than 30 degrees.

The findings were tabulated in MS Excel software (Micro-
soft) for statistical analysis.

Results

One hundred and eleven dry clavicles were examined, 54
of which were from the right side and 57 from the left side.
For the SACP with lateral extension, the fit was anatomic in
17 clavicles (15.3%), good in 11 clavicles (10%), and poor in
83 clavicles (74.7%). Similarly, for the SACP without lateral
extension, the fit was anatomic in 56 clavicles (50.4%), good
in 26 clavicles (23.4%), and poor in 29 clavicles (26.1%).

Right SACP without lateral extension

For the right SACP without lateral extension, the average
anterior mismatch at the medial end of the clavicle was 1.20
mm, with a standard deviation of 3.89 mm and a range of
-5.61 mm to 8.63 mm. The average posterior mismatch was
5.53 mm, with a standard deviation of 2.64 mm and a range
of -3.09 mm to 9.78 mm. The average vertical gap was 2.43
mm, with a standard deviation of 1.60 mm and a range of 0.00
mm to 6.78 mm. The average length of the plate that was off
the bone anteriorly was 19.63 mm, with a standard devia-
tion of 10.77 mm and a range of 0.00 mm to 35.12 mm. The
average length of the plate that was off the bone posteriorly
was 19.27 mm, with a standard deviation of 13.36 mm and a
range of 0.00 mm to 44.57 mm (Table 1).

At the lateral end of the clavicle, the average anterior mis-
match was 6.79 mm, with a standard deviation of 3.82 mm
and a range of -5.14 mm to 12.34 mm. The average posterior

Table 1. Congruence of right superior anterior clavicle plate without lateral extension (n=54)

Medial end of plate

Lateral end of plate

Horizontal distance Horizontal distance

Vertical Anterior Posterior

. . . Horizontal distance Horizontal distance
Vertical Anterior Posterior

. . from point of from point of . . from point of from point of
gap mismatch mismatch . . . . gap mismatch mismatch . . . .
elevation anteriorly elevation posteriorly elevation anteriorly elevation posteriorly
Avg 243 1.20 5.53 19.63 19.27 2.70 6.79 4.53 22.77 15.29
Max 6.78 8.63 9.78 35.12 44.57 8.00 12.34 11.22 53.74 32.20
Min 0.00 -5.61 -3.09 0.00 0.00 0.00 -5.14 -4.76 0.00 0.00
SD 1.60 3.89 2.64 10.77 13.36 1.88 3.82 3.53 14.65 9.35

Avg, average; Max, maximum; Min, minimum.

https://doi.org/10.5115/acb.23.109



Clavicle fracture fixation

mismatch was 4.53 mm, with a standard deviation of 3.53
mm and a range of —-4.76 mm to 11.22 mm. The average ver-
tical gap was 2.70 mm, with a standard deviation of 1.88 mm
and a range of 0.00 mm to 8.00 mm. The average length of
the plate that was off the bone anteriorly was 22.77 mm, with
a standard deviation of 14.65 mm and a range of 0.00 mm
to 53.74 mm. The average length of the plate that was off the
bone posteriorly was 15.29 mm, with a standard deviation of
9.35 mm and a range of 0.00 mm to 32.20 mm (Table 1).

At the medial end of the clavicle, the overhang was ante-
rior in 22 out of 54 clavicles, and posterior in 2 clavicles. On
the lateral end of the clavicle, the plate overhung the bone
anteriorly in 5 instances and posteriorly in 4 instances.

Left SACP without lateral extension

For the left SACP without lateral extension, the average
anterior mismatch at the medial end of the clavicle was 1.59
mm, with a standard deviation of 4.00 mm and a range of
-4.55 mm to 9.73 mm. The average posterior mismatch was
4.38 mm, with a standard deviation of 2.26 mm and a range
of -1.66 mm to 9.84 mm. The average vertical gap was 2.14
mm, with a standard deviation of 1.60 mm and a range of 0.00
mm to 6.29 mm. The average length of the plate that was off
the bone anteriorly was 18.70 mm, with a standard devia-
tion of 12.05 mm and a range of 0.00 mm to 35.27 mm. The
average length of the plate that was off the bone posteriorly
was 14.33 mm, with a standard deviation of 14.15 mm and a
range of 0.00 mm to 39.76 mm (Table 2).

At the lateral end of the clavicle, the average anterior mis-
match was 4.92 mm, with a standard deviation of 3.53 mm
and a range of -5.72 mm to 11.78 mm. The average posterior
mismatch was 5.48 mm, with a standard deviation of 3.02
mm and a range of -3.94 mm to 10.57 mm. The average ver-
tical gap was 3.03 mm, with a standard deviation of 1.70 mm
and a range of 0.00 mm to 7.02 mm. The average length of
the plate that was off the bone anteriorly was 25.85 mm, with
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a standard deviation of 14.55 mm and a range of 0.00 mm
to 43.47 mm. The average length of the plate that was off the
bone posteriorly was 18.63 mm, with a standard deviation of
9.11 mm and a range of 0.00 mm to 32.47 mm (Table 2).

There was no vertical gap at both ends in 4 clavicles, no
vertical gap at the medial end and lateral ends in 14 and 7
clavicles, respectively. At the medial end, the plate overhung
towards the anterior side in 22 cases and only in 2 clavicles,
the plate projected to the posterior side. On the lateral end,
the plate overhung the bone only in 5 and 4 bones anteriorly
and posteriorly, respectively.

Right SACP with lateral extension

For the right SACP with lateral extension, the average
anterior mismatch at the medial end of the clavicle was 3.28
mm, with a standard deviation of 4.98 mm and a range of
-7.24 mm to 10.12 mm. The average posterior mismatch was
0.55 mm, with a standard deviation of 4.56 mm and a range
of -5.96 mm to 9.12 mm. The average vertical gap was 3.83
mm, with a standard deviation of 2.52 mm and a range of
0.00 mm to 8.46 mm. The average length of the plate that
was off the bone anteriorly was 20.54 mm, with a standard
deviation of 14.19 mm and a range of 0.00 mm to 42.03 mm.
The average length of the plate that was off the bone poste-
riorly was 25.66 mm, with a standard deviation of 17.79 mm
and a range of 0.00 mm to 44.53 mm (Table 3).

At the lateral end of the clavicle, the average anterior mis-
match was 1.43 mm, with a standard deviation of 5.76 mm
and a range of -11.19 mm to 10.40 mm. The average poste-
rior mismatch was 1.82 mm, with a standard deviation of 6.24
mm and a range of -11.54 mm to 11.92 mm. The average ver-
tical gap was 4.28 mm, with a standard deviation of 2.24 mm
and a range of 0.00 mm to 9.67 mm. The average length of
the plate that was off the bone anteriorly was 26.06 mm, with
a standard deviation of 17.74 mm and a range of 0.00 mm to
58.06 mm. The average length of the plate that was off the

Table 2. Congruence ofleft superior anterior clavicle plate without lateral extension (n=57)

Medial end of plate

Lateral end of plate

Horizontal distance Horizontal distance

Vertical Anterior Posterior

from point of from point of

. . . Horizontal distance Horizontal distance
Vertical Anterior Posterior

from point of from point of

gap mismatch mismatch . . . . gap mismatch mismatch . . . .
elevation anteriorly elevation posteriorly elevation anteriorly elevation posteriorly
Avg 2.14 1.59 4.38 18.70 14.33 3.03 492 5.48 25.85 18.63
Max 6.29 9.73 9.84 35.27 39.76 7.02 11.78 10.57 43.47 32.47
Min 0.00 -4.55 -1.66 0.00 0.00 0.00 -5.72 -3.94 0.00 0.00
SD 1.60 4.00 2.26 12.05 14.15 1.70 3.53 3.02 14.55 9.11

Avg, average; Max, maximum; Min, minimum.
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Table 3. Congruence of the right superior anterior clavicle plate with lateral extension (n=53)

Medial end of plate

Lateral end of plate

Horizontal distance Horizontal distance

Vertical Anterior Posterior

. X . Horizontal distance
Vertical Anterior Posterior

Horizontal distance

. . from point of from point of . . from point of from point of
gap mismatch mismatch . . ) . gap mismatch mismatch . . . .
elevation anteriorly elevation posteriorly elevation anteriorly elevation posteriorly
Avg 3.83 3.28 0.55 20.54 25.66 4.28 1.43 1.82 26.06 30.75
Max 8.46 10.12 9.12 42.03 44.53 9.67 10.40 11.92 58.06 49.96
Min 0.00 -7.24 -5.96 0.00 0.00 0.00 -11.19 -11.54 0.00 0.00
SD 2.52 4.98 4.56 14.19 17.79 2.24 5.76 6.24 17.74 11.70
Avg, average; Max, maximum; Min, minimum.
Table 4. Congruence of the left superior anterior clavicle plate with lateral extension (n=58)
Medial end of plate Lateral end of plate
. . . Horizontal distance Horizontal distance . . . Horizontal distance Horizontal distance
Vertical Anterior Posterior Vertical Anterior Posterior

from point of from point of

from point of from point of

gap mismatch mismatch . . . . gap  mismatch mismatch . . . .
elevation anteriorly elevation posteriorly elevation anteriorly elevation posteriorly
Avg 2.96 2.24 2.38 19.15 24.27 4.46 0.00 4.72 27.64 35.50
Max  8.68 10.53 9.24 44.18 49.21 9.45 9.26 12.44 59.73 50.92
Min 0.00 -5.78 -7.30 0.00 0.00 0.00 -7.44 -6.84 0.00 0.00
SD 2.39 4.44 4.28 15.27 17.99 1.76 5.23 5.48 16.09 8.52

Avg, average; Max, maximum; Min, minimum.

bone posteriorly was 30.75 mm, with a standard deviation of
11.70 mm and a range of 0.00 mm to 49.96 mm (Table 3).

There was no vertical gap in 18 bones at the medial end
and 1 on the lateral end. However, in 1 bone, the plate had no
vertical gap at both ends. At the medial end, in 19 out of 53
cases, the plate overhung towards the anterior side and in 18
clavicles, the plate projected to the posterior side. On the lat-
eral end, the plate overhung the bone only in 23 and 17 bones
anteriorly and posteriorly, respectively.

Left SACP with lateral extension

For the left SACP with lateral extension, the average an-
terior mismatch at the medial end of the clavicle was 2.24
mm, with a standard deviation of 4.44 mm and a range of
-5.78 mm to 10.53 mm. The average posterior mismatch was
2.38 mm, with a standard deviation of 4.28 mm and a range
of -7.30 mm to 9.24 mm. The average vertical gap was 2.96
mm, with a standard deviation of 2.39 mm and a range of
0.00 mm to 8.68 mm. The average length of the plate that
was off the bone anteriorly was 19.15 mm, with a standard
deviation of 15.27 mm and a range of 0.00 mm to 44.18 mm.
The average length of the plate that was off the bone poste-
riorly was 24.27 mm, with a standard deviation of 17.99 mm
and a range of 0.00 mm to 49.21 mm (Table 4).

At the lateral end of the clavicle, the average anterior mis-
match was 0.00 mm, with a standard deviation of 5.23 mm

https://doi.org/10.5115/acb.23.109

Table 5. Showing the comparison of results of two studies with present study

Study Malhas Huang Present study
etal. [10] etal. [11] Medial plate Lateral plate
Samples 79right ~ 100pairs  Right Left  Right Left
Anatomical fit/ 9.00 45.50 46.29 5438 1698 13.79
best fit (%)
Fair fit (%) 59.00 41.50 2777 1929 2170 10.34
Poor fit (%) 32.00 13.00 2592 2630 73.50 75.86

and a range of -7.44 mm to 9.26 mm. The average posterior
mismatch was 4.72 mm, with a standard deviation of 5.48
mm and a range of -6.84 mm to 12.44 mm. The average ver-
tical gap was 4.46 mm, with a standard deviation of 1.76 mm
and a range of 0.00 mm to 9.45 mm. The average length of
the plate that was off the bone anteriorly was 27.64 mm, with
a standard deviation of 16.09 mm and a range of 0.00 mm
to 59.73 mm. The average length of the plate that was off the
bone posteriorly was 35.50 mm, with a standard deviation of
8.52 mm and a range of 0.00 mm to 50.92 mm (Table 4).

There was no vertical gap in 14 bones at the medial end
and 3 on the lateral end. However, in 3 bones, the plate had
no vertical gap at both ends. At the medial end, in 18 out of
58 cases, the plate overhung towards the anterior side and in
16 clavicles, the plate projected to the posterior side. On the
lateral end, the plate overhung the bone only in 28 and 13
bones anteriorly and posteriorly, respectively.
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Discussion

Huang et al. [11] found that the maximum superior bow
of the clavicle was located laterally, with a mean distance of
37.2 mm from the acromial articulation and a mean magni-
tude of 5.1 mm. In our study, we found similar results, with
a mean distance of 30.75 mm and 30.5 mm for the right and
left clavicles, respectively, and a mean magnitude of 4.28 mm
and 4.46 mm for the right and left clavicles, respectively.

In their study, Fang et al. [12] recorded that there were no
implant deformities in the group treated with anatomically
pre-contoured locking compression plates. However, in the
reconstruction locking compression plates group, there were
6 patients (11.3%; P=0.012) with implant deformities, con-
sisting of 5 occurrences of plate bending with fracture union,
and 1 instance of plate breakage with non-union. Similarly,
in our study, we also observed mismatches with the pre-
contoured plates.

A study conducted by Zhao et al. [13] revealed a normal
conoid tubercle angle of 164.540+4.78° and a mean value
for bilateral 50 cases (45.13%). In the straight plate group, 50
cases (45.13%) showed plate overhang, which demonstrated a
statistically significant difference when compared to the con-
toured group where no cases had plate overhang. However,
in the present study, we observed a vertical gap in 55 cases
(94.8%) on the left side and 52 cases (98.1%) on the right side
in the SACP with lateral extension. These findings suggest
that there should be some angular modification on the plate
ends.

Malhas et al. [10] conducted a study on four clavicle plat-
ing systems, examining superior midshaft anatomic clavicle
plates from four manufacturers by applying them to 79 dry
right human clavicles. Their conclusion was that plating
systems with multiple plate shape variations are more suit-
able for small-sized clavicles, such as those in females. In the
present study, we observed that the data for the SACP with-
out lateral extension indicated a fit similar to that reported
by Malhas et al. [10] but higher than the findings from
Huang et al. [11], as shown in Table 5. However, there was no
available data for SACP with lateral extension. We found that
in 75.86% of cases, the plate fit poorly on the left side and in
73.5% of cases on the right side. Manipulating the plates dur-
ing surgery in the antero-posterior plane proved to be very
difficult.

In our study, we discovered that both plates exhibited
elevations on their medial and lateral ends, indicating the
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need for angular bending to achieve better congruence. Ad-
ditionally, we observed differences in the plate length, with
portions of the plates extending off the bone anteriorly and
posteriorly. Hence, modifications along the long axis of the
plates are required. Furthermore, we propose conducting a
study utilizing 3D software to impose the clavicle plates and
determine the appropriate configuration for the plates in the
central Indian region.
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