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Is there a relationship between the lengths of the ipsilateral clavicle
and the ulna? An anthropometric and statistical study

Klavikula ve ulna boylar1 arasinda anlamh bir oran varmu? Antropometrik ve

istatistiksel bir calisma

Mehmet Salih Séylemez *, Murat Demiroglu , Davat Aydmn °, Fuat Akpmar °, Biilent Kili¢ °, Omer K. Unal °,

Korhan Ozkan 2

Abstract

Aim: Mathematical relationships between bones in close proximity are useful for determining the proper length
of comminuted or severely displaced bones during surgical reconstruction. This study examined the relationship
between the lengths of the clavicle and ulna to develop a length propotion formula that can facilitate obtaining
the proper length of the clavicle during surgery for displaced and comminuted fractures.

Methods: The study enrolled 130 individuals (76 males, 54 females) who were healty for their upper extremities
and was seen in our orthopedics outpatient clinic during April 2019 to June 2019. The right and left clavicles
and ulnas of each individual were measured. All measurements were peformed by two of the authors in an
blinded fashion.

Results. Mean overall age was 32.2 years. There were significant correlations between the clavicle and
ipsilateral ulnar lengths (p=0.001). However, there was a length difference between the right and left clavicles.
The left clavicle was 9.00 + 2.16 mm longer than the right in males and 7.13 + 2.03 mm longer in females
(p=0.001). There was no significant length difference between the right and left ulnas in either sex (0.84 + 1.033
mm in males and 0.52 + 0.818 mm in females).

Conclusion. There is a significant ratio between the clavicle and ulna lengths on both the right and left sides in
both sexes, but it isn’t the same for males and females. We propose that these length proportion formula can be
used for determining the clavicle length for the surgical treatment of comminuted fractures with plates and
particularly with nails.
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Oz

Amag: Pargali ve deplase kiriklarin cerrahi rekonstritksiyonu sirasinda opere edilen kemigin uygun boyunun
tahmin edilebilmesi i¢in bu kemik boyu ile komsu diger bir kemigin matematiksel olarak boy oraninin
kullanilmasi olduk¢a  kullamishdir. Bu calismada pargali klavikula kiriklari cerrahi tedavisi sirasinda
kullanilmak tizere, klavikula ve ulna kemikleri arasinda matematiksel olarak anlamli bir boy orani olup
olmadiginin arastirtlmasi amaglanmaistir.

Yontemler: Nisan-Haziran 2019 donemi igerisinde, ortopedi ve travmatoloji poliklinigimizde goriilen st
ekstremiteleri saglikli 130 hasta (76 erkek, 54 kadn) ¢alismaya dahil edildi. Biitiin hastalarm sag ve sol ulna ve
klavikulalar birbirinin 6l¢iimlerine kor 2 yazar tarafindan, ayn1 yontemler kullanilarak 6lgiildii.

Bulgular: Toplamda ortalama yas 32.2 yil idi. Ay taraf ulna ve klavikula boylar1 arasinda anlamli bir oran
oldugu saptand1 (p=0.001). Ayni zamanda sag ve sol klavikula boylari arasinda anlamli uzunluk farki
bulundugu goriildii. Sol klavikula, erkeklerde 9.00 + 2.16 mm ve kadinlarda 7.13 + 2.03 mm sag klavikuladan
daha uzun idi (p=0.001). Ancak her iki grupta da sag ve sol ulna boylar1 arasinda anlaml bir fark saptanmadi
(0.84 = 1.033 mm erkeklerde ve 0.52 + 0.818 mm kadinlarda).

Sonuglar: Hem kadin, hem de erkeklerde her iki tarafta klavikula ve ulna kemikleri arasinda matematiksel olarak
anlamli bir oran var oldugu ortaya kondu. Ancak bu oran her iki cinsiyet i¢in farkli idi. Biz bu ¢aligmanin
sonucuna dayanarak, par¢ali klavikula kiriklarinin plak ve ozellikle ¢ivi ile cerrahi tedavisi sirasinda, ortaya
konan bu orantisal formiillerin uygun kemik boyunun hesaplanarak saglanmasi i¢in kullanilabilecegini
diistinmekteyiz.

Anabhtar kelimeler: Pargali kirik, klavikula, ulna, boy orani.
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Introduction

Mathematical relationships between bones lengths and
volumes have been evaluated to improve our understanding of
normal and disordered growth, stature estimation, and
biomechanics [1]. This approach known as “process
structualism” advocates exploring regularities in biology as, this
regularities may be very important [1, 2]. Dogan and Aydmlioglu
et al. [3, 4] had found evidence of fixed proportions between the
length and width of metacarpals and phalanges in the foot.
Besides authors defined proportions between the length and
width of metatarcarpals and phalanges of hand as well. Although
this philosophical perspective is a known issue among anatomists
and mathematicians, its clinical application in to surgeons’ daily
practice is very limited.

Reconstruction of the length of a broken bone is at the
utmost importance as inappropriate reconstruction  will
eventually result in further deterioration of the biomechanics of
the extremity [5]. Particularly bones with irregular structures like
the clavicle are the most challenging bones that allows exact
estimation of its lengths during surgery [6].

Intramedullary nailing of clavicle fractures is an
alternative to plate fixation, but it is difficult to estimate the
proper length when using intramedullary devices because the
clavicle has a double curvature and lies horizontally [6, 7],
especially in comminuted fractures.

From this point of view, this study examined whether
there is a mathematical relationship between the clavicle and
another bone that can facilitate surgery and which bone is the
easiest to measure with less exposure to radiation. During
surgical intervention for clavicle fractures, the upper extremities
are the easiest to access. In addition, the anatomical prominences
of the upper extremity bones facilitate their evaluation without
need for an x-ray. However, the lack of anatomical prominences
on the humerus and radius makes them unsuitable for exact
measurements. Therefore, we hypothesised that; if a proportion
between lengths of both clavicles and ulnas exists, this finding
can be applied to the clinical practice to estimate the length of
the clavicle during a fracture surgery of this bone.

Material and methods

Study was conducted in accordance with principles for
human experimentation as defined in the Declaration of Helsinki
and approval was obtained from the institutional ethics
committee and informed consent was received from all
individuals. (Istanbul Medeniyet University, Goztepe Training
and Research Hospital, Clinical Researchs Ethics Committee,
Approval number: 2013-KAEK-64-2019/0235).

Study was carried out in our institution between April
2019 and June 2019. Individuals were examined only one time
and further evaluation of measurements were not performed. The
study enrolled 130 individuals (76 males, 54 females; mean age
32.2 years overall, 34.0 years for males, and 29.7 years for
females) who were seen in our orthopedics outpatient clinic.

To increase the homogenity of the study only
individuals from Caucasian races were included. Also individuls
that had reached skeletal maturity and were healty for their upper
extremities were included to the study. Individuals from other
races rather than Caucasians, with recent trauma, a history of
surgery, or congenital deformity of the upper extremities were
excluded from the study.

The right and left clavicles and ulnas of each individual
were measured while the individuals were standing, with both
arms at their sides and their palms facing forward. The
anatomical measurement points for the clavicle were the distal
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(lateral)-most prominence of the acromioclavicular junction and
the medial-most prominence of the sternoclavicular joint (from
the medial side of the sternal head of the sternocleidomastoid
muscle) (Figure 1a). The measurement points for the ulna were
the proximal-most prominence on the olecranon and the distal-
most prominence on the ulnar styloid (Figure 1b).

-

igure 1. a) Measurement of clavicular length, b) measurement of ulnar
length.

The measurements were made by two of the authors
(M.D. and D.A)) in two different rooms. Each individual was
evaluated by both surgeons, and each surgeon kept his records
blind to the other. At the end of the study, all measurements were
assessed by the senior author (K.O.) and the mean between the
measurements was taken into account. After completion of
clinical data collection, all measurements were analysed to find
the mathematical relations between clavicula and ulna lengths
and their difference among sexes.

Statistical analysis

Descriptive analysis was performed using SPSS® ver.
22.0 (IBM, Armonk, NY, USA). The Lilliefors-corrected
Kolmogorov—-Smirnov test was used to examine the normality of
the distributions. The Levine test was used to examine the
homogeneity of the variances. Independent samples t-tests with
bootstrap results were used to compare two independent groups.
A p value of <0.05 was considered to be statistically significant
for all analyses.

Results

There were significant correlations between the lengths
of each clavicle and the ipsilateral ulna (p=0.001). In addition,
there was a length difference between the right and left clavicles,
with the left clavicle being 9.00 + 2.160 millimeters (mm) (range
12.00-5.00 mm) longer than the right clavicle in males and 7.13
+ 2.029 mm (range 10.00-4.00 mm) longer in females (p =
0.001). There was no significant length difference between the
right and left ulnas in either sex (0.84 + 1.033 mm in males and
0.52 + 0.818 mm in females, respectively). The data analyses
showed small differences between the various ratios for males
and females and the results are shown in Table 1.

The difference between sexes for the left clavicle/left
ulna ratio was significant (p = 0.046), while the differences for
the clavicle/clavicle ratio (p = 0.100) and right clavicle/right ulna
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(p = 0.121) were not significant. Therefore, although the left
clavicle length can be determine in each sex with different ratio,
the right clavicle length can be determined with the same ratio in
both sexes (Figure 2).

Table 1: Ratios for males and females.

For Males

0.57 £0.029 mm
0.60 £0.028 mm
0.95+0.015 mm

Right clavicle length/ipsilateral ulna length
Left clavicle length/ipsilateral ulna length
Right clavicle length/left clavicle length
For Females

0.56 +£0.029 mm
0.59 +£0.028 mm
0.95 +£0.015 mm

Right clavicle length/ipsilateral ulna length
Left clavicle length/ipsilateral ulna length
Right clavicle length/left clavicle length

Figure 2. Data for right clavicle/right ulna, left clavicle/left ulna, and
right clavicle/left clavicle ratios for both sexes.

RelvelR. Ulna ratio L.clvelL. Uina ratio

Right clavicle length/ipsilateral ulna length = 0.57 for
both sexes
Right clavicle length/left clavicle length = 0.95 for both

sexes

Left clavicle length/ipsilateral ulna length = 0.60 for
males

Left clavicle length/ipsilateral ulna length = 0.59 for
females

The results of the other measurements are summarized
in Table 2.

Table 2. Descriptive analyses of the data.

Total Female Male

(N=130) (n=54) (n=76) P
Age (year)* 322214022 29.70£13.198 34.01=14.397 0.081
{j;g;‘;f'av'“e 152.05£12.032  141.33£7.922  159.67+7.944 0.001
(L;?nfia"“'e 160.45+12.549 148.72+8.013  168.78+7.499 0.001
(er]rr‘g?di“erence 82242293  7.13£2.029  9.00+2.160  0.001
Right ulna (mm)*  268.38+19.601 251.54+11.955 280.36+14.500 0.001
Leftulna (mm)®  268.64+19.719 251.52+11.905 280.80+14.411 0.001
Length
G commy? 071£0960 05240818 0.84+1033/ 0133
Right
clavicle/right 0.57+0.029 0.56+0.029 0.57+0.029 0.121
ulna
Loftclaviclellell—0,60£0.029  0.59£0.028  0.60£0.028  0.046
Right claviclefleft (9510015 0.95£0.015  0.95£0.015  0.100

clavicle

¥: Meanzstandard deviation.
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Discussion

The anthropometric relations between the clavicle and
the ulna is an unknown issue and there are very limited studies
focusing on this issue [1, 2, 5]. Our study revealed that there are
fixed proportions between ulna and the clavicle lengths.
However these proportions are different among genders. These
results can be applied to the clinical practice particularly during
surgical intervention of comminuted the clavicle fractures.

The treatment of clavicle fractures remains
controversial. Improvements in orthopedic surgery with new
implant technologies have favored surgical intervention for
midshaft clavicle fractures with improved clinical outcomes and
earlier return to daily living activities. Surgery also reduces the
nonunion and symptomatic malunion rates significantly
compared with non-operative treatment, although the results still
need to be improved [7, 8].

Osteosynthesis with plates for the treatment of midshaft
clavicle fractures has been used extensively and is still the gold
standard surgical treatment for these fractures [9]. Nevertheless,
osteosynthesis with plates has disadvantages like cosmesis-
related complaints due to the long incision scar, and delayed
union or nonunion caused by excessive periosteal stripping in
some cases [10]. Intramedullary nailing is being used
successfully to treat fractures of this anatomically complex bone
[11] because an intramedullary nail can be inserted with a
minimally invasive technique. Closed reduction of the fracture
preserves the fracture hematoma and the minimally invasive
technique allows the surgeon to minimize soft-tissue dissection,
thereby reducing surgical trauma, blood loss, infection, and
wound complications [12]. Hill et al. [7] showed that the only
parameter that affects fracture healing negatively in patients with
a mid-shaft clavicle fracture is shortening exceeding 20 mm.
Neither comminution of the fracture nor treatment method
affects the development of nonunion when the pre-fracture bone
length is achieved and maintained. Despite its superiority over
plates, the disadvantage of intramedullary fixation of improper
assessment of length caused by the complex anatomy of the
clavicle is a major concern [13].

Intramedullary devices behave as internal splints that
maintain alignment without rigid fixation [12]. In a study
comparing conservative treatment and intramedullary fixation of
displaced non-comminuted fractures, Smekal et al. [14] showed
that clavicle shortening was significantly less with
intramedullary fixation. However, 2 years later in a different
study comparing plate and intramedullary fixation of clavicle
fractures, the same authors recommended intramedullary fixation
only for non-comminuted fractures because of shortening [15].
With rapid improvements in nail design, we will soon overcome
this problem and intramedullary fixation can be used even in
comminuted fractures. Then, only the intraoperative assessment
of clavicle length will be a matter of concern. Using only
fluoroscopic imaging will be problematic because the double
curved anatomy of the clavicle cannot be assessed exactly in
two-dimensional (2D) images.

Several studies have helped to increase our
understanding of the restoration of clavicle fractures with plates
and intramedullary nails. According to Cunningham et al. [16]
Their trial showed only 28% clavicle have more than 5mm
assymetry. Sehrawat et al. [17] found that left clavicle were
longer length as our trial. Huang et al. [18] used a 3D digitizer to
analyze the anatomy of the clavicle and applicability of pre-
contoured clavicle plates. Bachoura et al. [19] found a positive
correlation between the length of the clavicle, midpoint cortical
diameter, and radius of the medial curvature of the clavicle. In a
different study, the same authors tested the applicability of
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intramedullary nails for midshaft fracture fixation using a similar
method [6]. Daruwalla et al. [20,.21] determined the complex
anatomy of the clavicle using 3D computed tomography (CT)
and performed principal components analysis of the clavicle.
They found some variation in the shapes and sizes of the left and
right clavicles between genders. Although this information can
be used to design new nails or plates for clavicle fracture
treatment, its clinical application may be impossible since
obtaining 3D CT images for every patient exposes patients to
unnecessary radiation and its use in clinical practice may not be
cost-effective. However, the ulna and contralateral clavicle
lengths can be measured easily and the optimal clavicle length
can be calculated with the use of our proposed ratio, even during
surgery.

Preoperative measurement of the contralateral clavicle
seems to be more valuable than intraoperative measurement of
the ipsilateral ulna. Although the lengths of the right and left
clavicles differed in both sexes, this did not change the ratio
between the right and left clavicles in either sex, and it is easier
to keep this length differences in mind. When preoperative
measurements have not been made, intraoperative ulna
measurements can provide the same results.

This study had some limitations. First, it would have
been better if more individuals had been measured. Second, this
study examined only Caucasians, and the measurements may
vary with race. We recommend keeping this information in mind
before employing the technique. It may also be useful to perform
the same study in different races.

In conclusion, we found different right and left
clavicle/ulna ratios. There was a significant relationship between
the right and left clavicles in both sexes, and it was the same for
males and females. We propose that the proportions between the
clavicle and ulna lengths can be used to determine the
appropriate length of the clavicle during surgical fixation of
comminuted fractures with plates and particularly nails. This
study may also form a basis for future studies.
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