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Abstract:

Introduction:

Hypertrophic changes at the radial tuberosity have traditionally been related to distal biceps tendon degeneration and rupture. From
supination to pronation of the forearm, the space available for the distal biceps tendon between de lateral ulna and radial bicipital
tuberosity  (RBT)  decreases  by  almost  50%.  A  hypertrophic  change  at  the  radial  tuberosity  further  reduces  this  space  with
impingement of the distal biceps tendon as a result. The purpose of this study was to evaluate whether the size of the RBT plays a
role in the pathophysiology of distal biceps tendon ruptures.

Materials and Methods:

Twenty-two consecutive patients with a surgically proven distal biceps tendon rupture were matched to controls, in a 1:1 ratio. The
size of the RBT was expressed as a ratio of the maximum diameter of the radius at the RBT to the diameter of the diaphysis just
distal to the RBT (RD ratio), measured on standard radiographs of the elbow. The RD ratio of patients and matched controls were
compared.

Results:

The mean RD ratio in control group was 1.25 and not significantly different from the mean 1.30 in the group of patients with a distal
biceps tendon rupture. Each 0.1 point increase in RD ratio results in an estimated 60% increase of the rupture odds, which was not
significant either.

Conclusion:

Based on the RD ratio on conventional radiographs of the elbow, there was no significant difference in RBT size between patients
with a distal biceps tendon rupture and matched controls without biceps tendon pathology.
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INTRODUCTION

Distal biceps tendon ruptures are most commonly seen in the dominant elbow of men who are in the fourth decade
of life [1]. Abuse of tobacco and steroids and the use of statins are associated with an increased risk on rupturing the
biceps tendon [2, 3]. Ruptures of the distal biceps tendon have also been described in athletes [4, 5].

In 1956, Davis and  Yassine  proposed that  hypertrophic  changes  of  the  radial tuberosity  decreased the available
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space between the lateral ulna and Radial Bicipital Tuberosity (RBT), causing irritation of the tendon, predisposing it to
degenerative  changes  and  finally  rupture  [6].  In  1995,  Seiler  and  co-workers  did  some basic  anatomical  studies  to
evaluate potential mechanisms involved in the rupturing process. They found a hypovascular zone in the distal biceps
tendon near its insertion at the RBT. Furthermore, they recognized that the space available for the distal biceps tendon
between the lateral ulna and RBT decreased by almost 50% from supination to pronation of the forearm [7].

However, this assumption was not supported with clinical data.

With recent developments in distal biceps tendon reconstructions, there is also an increasing interest in surgical
anatomy of the distal biceps tendon. In 2007 Mazzocca and colleagues identified different tuberosity ridge types (single,
smooth or bifid) [8]. The distal biceps tendon is recently described as two distinct tendons with their own functional
roles. Moreover, anatomical studies have revealed the insertional footprint anatomy on the RBT, the orientation of the
distal biceps tendons to their insertion site and the anatomy of the lacertus fibrosis [9 - 14]. Although these studies
provide potential causative factors that might contribute in the rupturing process, most of these recent studies were
primarily performed to facilitate a more anatomical reconstruction during reinsertion procedures.

Despite these recent anatomic and biomechanical studies, the definitive cause of tears has yet to be delineated; and
Seilers' theory continue to be cited most frequently in the literature as the cause of rupture. However, no clinical data
have ever supported the role of a hypertrophic radial tuberosity in the pathophysiology of distal biceps tendon ruptures.

The purpose of  this  matched control  study was to  evaluate  whether  the size of  the RBT, measured on standard
radiographs of the elbow, plays a role in the pathophysiology of distal biceps tendon ruptures. Our hypothesis was that
patients  with  a  larger  RBT  endure  more  impingement  of  the  distal  biceps  tendon  between  ulna  and  RBT  during
pronation and are therefore more at risk for rupturing the distal biceps tendon.

Fig. (1). Example of calculation of RBT-Diaphysis ratio.

MATERIALS AND METHODS

Between  November  2007  and  November  2010,  22  consecutive  patients  with  24  distal  biceps  tendon  ruptures
underwent surgical repair. Two patients had bilateral ruptures, of which only the first occurring rupture was used. All
patients had a surgical refixation using a single incision technique with cortical button fixation. All operations were
performed  by  or  under  supervision  of  the  senior  author.  The  medical  records  were  reviewed  to  identify  baseline
characteristics and known predictors for a distal biceps tendon rupture (age, gender, nicotine abuse). This study was
reviewed and approved by the institutional review board.

Standard radiographs were made just after trauma according to local protocol. The patient was seated close to the
radiographic  table  with  the  entire  arm  in  the  same  horizontal  plane.  The  arm  was  fully  supinated  and  the  elbow
extended for the anteriorposterior (AP) view. If necessary, the patient was asked to lean laterally in order to enable the
elbow to be in a true AP position. The long axis of the forearm was aligned to the long axis of the image receptor, and
the central ray was directed to the middle of the elbow. The RBT was independently determined at standardized AP
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view by two of the authors. The size of the RBT was expressed as a ratio of the maximum diameter of the radius at the
RBT to  the  diameter  of  the  diaphysis  just  distal  to  the  RBT (RD ratio).  A mean RD ratio  was  calculated from the
measurements of the two researchers. See Fig. (1).

Each  patient  with  a  distal  biceps  tendon  rupture  was  matched  to  a  control  patient,  with  a  radial  head  fracture,
without distal biceps tendon pathology, in a 1:1 ratio. Radiographs of the control patients were made according to the
same local protocols. Subjects were matched by age, gender and nicotine abuse. The control group was retrieved from a
database with 450 patients that sustained a radial head fracture for which they received treatment in the same hospital.
The final case-control sample consisted of 22 matched pairs.

STATISTICAL ANALYSIS

Differences  between  cases  and  controls  were  analyzed  using  the  paired  t-test  for  continuous  variables  and
McNemar’s test for dichotomous variables. A dose-effect relationship between the RD ratio and distal biceps tendon
rupture (yes/no) while taking account of the 1:1 matching was analyzed using a conditional logistic regression model
stratified by case-control pair.

Statistical  analyses  were  performed  using  SPSS  (version  16.0).  A  p-value  smaller  than  0.05  was  considered
significant.

RESULTS

Baseline characteristics of patients with a distal biceps tendon rupture and controls are summarized in Table 1.

Table 1. Baseline characteristics of patients with a distal biceps tendon rupture and controls.

    Distal Biceps Tendon Rupture (N=22)   Controls (N=22)   Significance (p-Value)
Age (years) [sd] 45.7 [9.38] 45.1 [8.26] 0.23
Gender (% male) 95 95 1.00

Nicotine (% users) 18* 41* 0.34
RDR [sd] 1.30 [0.10] 1.25 [0.07] 0.15

RDR = radial bicipital tuberosity to diaphysis ratio; * N=17.

Distal Biceps Tendon Rupture Group

The  mean age at time of  rupturing the  biceps tendon was  46 years old  (range 18-59); distribution  is shown in
Fig. (2). Of the 22 patients, 5 patients (23%) were smokers. The dominant arm was involved in 56.5% of the cases. The
mean RD ratio in this group was 1.30 (range 1.15-1.57).

Control (Radial Head Fracture) Group

The 22 controls had a mean age of 45 years old (range 24-60). Seven patients (32%) were smokers.

The mean RD ratio in control group was 1.25 (range 1.09-1.35) and not significantly different from the mean 1.30 in
the group of patients with a distal biceps tendon rupture (p = 0.15). The dose-effect relationship as estimated using
conditional logistic regression analysis is expressed by means of an odds ratio per 0.1 point increase in RD ratio. The
rupture odds is defined as the ratio of the probability of rupture to the probability of no-rupture. Each 0.1 point increase
in RD ratio results in an estimated 60% increase of the rupture odds, which is not significant (95% CI: from a 16%
decrease to a 204% increase; p = 0.15).

DISCUSSION

The  pathophysiology  of  distal  biceps  tendon  ruptures  is  subject  of  an  ongoing  debate  for  the  last  decades.
Epidemiological  studies  identified some potential  chemical  risk  factors  for  distal  biceps  tendon ruptures,  including
abuse of nicotine, steroids and statins [1, 3]. Hypertrophic changes at the radial tuberosity have been traditionally been
related to distal biceps tendon degeneration and rupture [6]. No clinical or radiographic data have ever supported this
theory.  Davis  and  Yassine  described  enlarged  and  irregular  margins  of  the  radials  tuberosity  on  conventional
radiographs of their patients. However, to our knowledge, no standard methods to measure the RBT on radiographs had
been described.
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To determine the RBT we have introduced the RD ratio. The RD ratio is easily calculated from standard elbow
radiographs  in  a  standardized  way,  the  outcome  is  unrelated  to  magnification;  so  calibrated  radiographs  are  not
necessary. Previous research on the RBT was from cadavers or CT- scans of the elbow. The RD ration is a parameter
that may be useful in daily clinical practice. It may be included in a risk calculation for distal biceps tendon rupture in
for instance body-builders together with other known risk factors (male, smoking, steroids, etc.). The radial tuberosity
may  also  be  reduced  during  distal  biceps  tendon  surgery  in  order  to  minimize  the  risk  on  a  re-rupture.  Although
radiographs provide some information on the size of the RBT, it does not give fully accurate three-dimensional and
volume data of the tuberosity. However, the traditional idea that enlarged margins of the RBT caused impingement of
the distal biceps tendon was based on a paper from 1956, with no CT-scans available.

Seiler and colleagues reported in 1995 on two possible mechanisms involved in the rupturing process of the distal
biceps tendon; a hypovascular zone and impingement of the tendon [7]. Since their original report, numerous other
studies has been performed that provided more insight in the anatomy of the distal biceps tendon and it’s insertion on
the RBT. Eames and colleagues presented a clear anatomical study on the lacertus fibrosis [13]. They showed that the
lacertus fibrosis is a fixed-length structure, which comprises the forearm flexor muscles. As these muscles contract, the
cross-sectional area increases and it tenses the aponeurosis, thereby pulling the distal biceps tendon medially. This force
on the distal biceps tendon might play a role in the rupturing process. Additionally, it could also increase the potential
impingement of the tendon between the RBT and the ulna. Although these studies provide important knowledge and
theories on the distal biceps tendon anatomy and pathophysiology, no comparison of the patient related anatomy was
performed. Recently, Krueger et al.  evaluated the amount of radioulnar space available for the distal biceps tendon
following  four  different  fixation  techniques  for  distal  biceps  tendon  repair  on  fresh-frozen  cadavers  [15].  They
hypothesized that differences in space could increase the risk of impingement after repair. Next to the rotation of the
forearm (pronation-supination), the amount of space available was dependent on the type of reconstruction. Although
the authors suggested that  reduced radioulnar space or impingement might be a reason for failure of biceps tendon
repair, there is no clinical evidence that supports this theory.

Fig. (2). Age distribution of patients with a distal biceps tendon rupture.

The assumed role of hypertrophic changes at the radial tuberosity causing distal biceps tendon pathology in the past
could not be verified in this study. Although it is hypothesized that the size of the RBT affects the distal biceps tendon,
it is also possible that the form of the RBT is influenced by the function of the biceps tendon. Previously in 1892, Julius
Wolff introduced ‘the law of bone transformation’, in which he stated that the every change in the function of a bone is
followed by changes in architecture of the bone according to mathematical laws [16]. In other words, compression and
tension forces produced by the distal biceps might influence the surface of the RBT. Overload of the biceps could lead
to microtraumata in the tendon itself, but also lead to the proposed enlargement of the RBT, resulting in impingement of
the tendon and even more microtraumata.
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The current study was limited by the fact that the groups of cases and controls might have been too small. Using the
standard error based on 22 case-control pairs of the estimated log odds ratio from this study it can be calculated that the
number of case-control pairs needed to detect a rupture odds ratio of 1.6 per 0.1 unit increase in RD ratio with 80%
power would equal 87, given a two-sided test size of 0.05. With 115 case-control pairs a 90% power would be reached.
Secondly,  conventional  radiographs  do  not  provide  adequate  information  to  calculate  volumes.  Also,  this  is  a
retrospective study that does not take into account all possible confounders. Ideally, it would be a prospective study in
which patients with a distal biceps tendon rupture have a MRI or CT-scan with three-dimensional reconstructions to
evaluate the space between RBT and ulna in a pronated position of the forearm.

In conclusion, there was no significant difference in RBT size between patients with a distal biceps tendon rupture
and matched controls without a rupture, based on conventional radiographs of the elbow. Although there have been a lot
of studies on distal biceps tendon anatomy last decades, the pathophysiology of the rupturing process remains unclear.
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