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Abstract: 

Abduction splints for the treatment of hip dysplasia normally operate on curbing the 

legs at the hip flexion and abduction. The forces are absorbed in different designs of 

shoulder straps and thus diverted to the shoulder and the spine.  

The present study is the first comparing these undesired forces of two spread 

orthoses (Tübinger splint and Superior orthosis) and subsequently the transmitted 

forces to the infant`s spine. 

Biomechanical evaluation was performed by using a high-sensitive strain gauge 

sensor applied to the infant`s orthoses.. 

Between 3/2009 and 10/2009 20 infants, that met our inclusion criteria after 

ultrasound and clinical evaluation were investigated with both orthotic devices.  

The transmitted forces correlated significantly with the body weight of the infants 

(p<0,05). Maximal forces on the shoulder of the infants and subsequently transmitted 

forces on the spine were significantly higher (p<0,05) with the Tübinger splint (range 

7,59N to 32,32N; MV:13,71N) in comparison to the Superior orthosis (range 0,00N to 

3,51N; MV:0,68N). Using the Tübinger splint the shoulders of the newborn infants 

were loaded with a maximum weight of 93,9% of their body weight. With respect to 

the development of the growing infant`s spine we prefer orthoses with primary load 

transmission to the pelvic bone. 
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Introduction 

Developmental dysplasia of the hip (DDH), formerly known as congenital dislocation 

of the hip, includes hip disorders that can be unstable clinically with acetabular 

misdevelopment with or without femoral head decentering. The long-term morbidity of 

DDH is unclear, but it is associated with complications such as chronic pain and early 

osteoarthritis, gait abnormalities, and leg length discrepancy. It is well-known that 

prompt recognition and appropriate treatment reduce the risk of late morbidity of the 

hip [4,5]. 

Graf’s method, established as a standard screening in Europe [10,11,18] identifies 

the exact anatomic structure of the hip and serves as a basis for treatment of DDH. It 

is now accepted that ultrasound is the most sensitive method for detecting hip 

disorders during the first weeks of life and until approximately 1 year of age, thus 

allowing assessment of hip development during and after treatment. The key to 

successful treatment of DDH is early initiation of treatment; early screening followed 

by correct early treatment results in hip reduction or healing [9]. 

As consequence the number of children with persistent hip dysplasia could be 

reduced considerably in the last two decades in Germany [12,34].  

So-called abduction pants for infants or spreading splints normally operate on curbing 

the legs into hip flexion and abduction [18]. Usually these orthoses work with 

shoulder straps (i.e. type IDEAL – spread orthosis or Tübinger splint), that keep the 

hips in flexion and small tubes (i.e. Tübinger splint), that hold the hips abducted 

(Figures 1,2).  These forces are absorbed in different designs of shoulder straps and 

thus diverted to the shoulder girdle and the spine [9,26]. 

Biomechanical studies evaluating the effect of spreading orthoses to the infant`s 

shoulder and subsequently to the spine are completely missing.  

The present biomechanical study is the first investigating the forces of different hip 

orthoses to the infant`s upper body. Aim is to reduce the forces to the shoulder and 

the spine of concerned infants to allow an unaffected development of the upper body. 
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Material and Methods: 

 

Experimental setup: 

The aim of our biomechanical study was to analyze and compare the loads 

transmitted by the straps of two different spread orthoses to the infant`s shoulders. 

Particularly we evaluated an established spread orthosis (Fig. 1: Tübinger splint: Otto 

Bock Healthcare GmbH, Duderstadt, Germany) and the enhanced IDEAL spread 

orthosis (Fig. 2: Superior Brace, A. Shuku, manufacture and sell medical products, 

Nürnberg, Germany). 

In our experimental setup a force sensor was installed between the abduction pants 

and the shoulder straps without any change of its length. The loads were transmitted 

directly from the shoulders to the applied sensor. Thus the friction between the 

shoulder straps and the infant`s clothes underneath were insignificant and did not 

influence the measured forces. The used force sensor (KD24s, ME-measurement 

systems, Henningsdorf, Germany) was S-shaped, high sensitive with an effective 

range up to 300 N and worked with strin gauge load cells..It offers high accuracy 

during load transmission, even with oblique or eccentric force application (Fig. 3). 

The abduction pants were fastened to the infants and axial tensile forces were 

measured as described below. Afterwards the forces transmitted to the shoulders 

were detected digitally over a period of 5 minutes. 

 

 

Inclusion and Exclusion criteria: 

To ensure consistent inter-investigator quality, previous ultrasound studies of infant 

hips were conducted by two experienced pediatric orthopedists. Included were 

infants with a hip dysplasia Graf type IIc, D and IIIa, that was verified via Graf 

standard hip sonography within the first 72 hours after birth [11]. All ultrasound 

images were evaluated by two equally skilled investigators without knowledge of the 

prior assessment results. Furthermore a complete standardized orthopedic and 

neonatal examination was conducted. Exclusion criteria for this study were 

neuromuscular diseases and all types of musculoskeletal disorders. Patient selection 

started in March 2009 and ended in October 2009. Within this period a total of 20 

infants met our inclusion criteria and were investigated with both orthotic devices. 
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Measurement and statistical evaluation: 

After calibration of the measuring system with test weights the abduction pants were 

fastened to the 20 infants with hip dysplasia, that met our inclusion criteria. After a 

standardized adaptation time of 5 minutes axial tensile forces in the belt system were 

measured over a period of 5 minutes. Measurement was performed in each child first 

with the Tübinger splint and afterwards with the Superior orthosis. 

All children were awake at the time of measurement. The data were evaluated with 

the software of the electronic system (KD24s, ME-measurement systems, 

Henningsdorf, Germany) and all statistical analyses were performed with the 

software SPSS Version 16.0.. For each patient the mean, maximum and minimum 

forces were detected in Newton during the test period. Descriptive statistics 

(arithmetic mean, minimum, maximum, standard deviation, range) of the measured 

loads were calculated using standard formulas. Non-parametric data between both 

orthotic devices were evaluated by Mann-Whitney U test. Correlation between body 

weight and axial forces to the shoulder was performed using the Pearson correlation. 

A p-value < 0,05 was considered statistically significant. 

 

 

Results: 
 

Between 3/2009 and 10/2009 20 infants, that met our inclusion criteria after 

sonographic and clinical evaluation were investigated with both orthotic devices. All 

newborns were examined 30 hours after birth (range 20 to 72 hours). Ten of the 

infants were male, ten were female. We noticed 28 pathological hips, thereof 18 on 

the left and 10 on the right side. 4 infants had bilateral DDH.15 of all pathologic hips 

showed a Graf type IIc, 10 type D, 3 type IIIa. Biomechanical evaluation and data 

collection could be performed by all patients without any drop out. After clinical and 

ultrasound examination, the splints including the measurement device with the S-

shaped piezo-electric force sensor (KD24s, ME-measurement systems, 

Henningsdorf, Germany)(Fig. 3) were applied to the infants. After an adaptation time 

of 5 minutes we started measuring the forces transmitted to the shoulders of the 

infants and subsequently the transmitted forces to the spine. All data were detected 

digitally over a period of 5 minutes.  
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The measured forces ranged between 7,59N and 32,32N (MV:13,71N) for the 

Tübinger splint. In contrast the Superior splint orthosis revealed minimal axial forces 

between 0,00N and 3,51N (MV:0,68N) (Figure 4). The forces, measured with the 

Tübinger splint were significantly higher compared to the Superior orthosis (p<0,05). 

Using the Tübinger splint the shoulders of the newborn infants were loaded with a 

maximum weight of 93,9% of their body weight. 

The average weight of the measured infants was 3442g. The transmitted forces 

correlated significantly with the body weight of the infants (p<0,05). In this context the 

forces in the Tübinger splint treated infants with a body weight over 3442g exceeded 

always 15N (Figure 5). In infants with a weight below 3442g the maximum 

transmitted forces never raised the 7,5 N border with the Superior-orthosis.  

 

 

Discussion: 

 

The importance and benefit of early DDH treatment is reported in relevant literature 

[25] .While the optimal force transmission is not yet adequately investigated, early 

functional treatment using abduction and flexion orthoses is clinically proven [31]. 

Until now, increased load transmission to the shoulder by the Tübinger-splint as 

shown in this study, was not investigated. The effect of orthotic hip treatment onto the 

development of the infant`s spine has not been described as well. Tensile forces, as 

identified in this study, act primarily in the inclination of the spine and additionally in 

axial compression, through counter effects at the back of the spine [8,16]. Differences 

in load distribution between the two analyzed orthoses could be explained by means 

of design. Using the Superior orthesis, an essential part of the forces is transmitted 

into the pelvic ring.  

The present study compares the acting forces on the shoulder straps of different 

orthoses and subsequently the transmitted forces to the infant`s spine. Aim is to 

reduce the forces to the shoulder and the spine of concerned infants to allow an 

unaffected development of the upper body. 

Regarding the current literature only the biomechanical effects of orthosis on the hip 

joint in infants with DDH are reported [9,25]. However there are no data available 

reporting the axial compressive loads of an orthosis to a growing spine during the first 

months after birth.  
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In contrast numerous studies have demonstrated in children a strong relationship 

between backpack use and back pain [14,15,27-29].Therefore the American 

Academy of Pediatrics has suggested a load limit of 10% body mass. For this reason 

we wanted to evaluate the forces of different hip orthoses in relation to the forces of 

backpacks in children [1,19].  

With regard to the current literature, infants and children are at a higher risk of 

overuse injuries for two reasons[32]. First, a growing skeleton has a greater amount 

of cartilage, especially in areas where growth occurs, as it is a predecessor to bone 

ossification. These cartilaginous regions include the articular cartilage, the epiphyses 

and the apophyses. In addition to the weakness of these areas, muscle imbalances 

can also lead to injury.  

The highest rate of growth occurs during the first year with more than one third of 

body length including 5cm of spinal length. Therefore the spine is more susceptible to 

injuries in comparison to adults[28] until secondary ossification of vertebrae is 

completed until the mid-20s [2,3,22].  

In children different biomechanical studies recommend maximal loads of backpacks 

between 10% and 20% body weight (BW) [6,7,30]. Especially a load of 20% BW led 

to shoulder pressures between 70 and 110mmHg and correlated with shoulder and 

back pain in children[33]. Furthermore the contact pressures were above the 

ischemic threshold of skin [13,17]. 

In the present study we could measure maximal forces on the shoulder of the infants 

and subsequently transmitted forces on the spine, that ranged between 7,59N  and 

32,32N (MV:13,71N) for the Tübinger splint. In contrast the Superior splint orthosis 

revealed minimal axial forces between 0,00N and 3,51N (MV:0,68N) (Figure 4). With 

respect to an average body weight of 3442g, the shoulders of the newborn infants 

are loaded with a maximum weight of 93, 9% of their body weight. According to a 

study of Negrini S et al the average load and the average maximum load carried by 

schoolchildren correspond to 22% and 27,5% of their body weight, respectively [20, 

21]). This is the same as an average backpack load of 22 or 16,5kg carried 

respectively, by a man weighing 80kg and a woman weighing 60kg. Regarding the 

maximum loads measured with our Tübinger orthosis the backpack load would 

amount up to 75,12kg for a man weighing 80kg and up to 56, 34 kg for a woman 

weighing 60kg. These loads exceed legal load-bearing limits set for adults [20,21]. 

Compared to the recommended maximum values of 15% body weight for backpacks 
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in schoolchildren, the measured values in our infants reach maximum loads of 93,9% 

body weight, what is more than 6,22 fold of the mentioned threshould for 

schoolchildren, respectively.  

Furthermore biomechanical studies have shown, that the critical load for the human 

T1-S1 cadaver spine is less than 20N [24]. Subjected to any load greater than this 

critical load, the spinal column turned out to be experimentally unstable and buckles 

like an elastic column [24]. According to the results of the above mentioned clinical 

and biomechanical studies continuous overloading may lead to structural changes of 

the spine including back pain and therefore could influence the development of a 

growing spine. 

In summary the forces detected in our study using the Tübinger splint exceed the 

maximum axial loads accepted for children with backpacks as well as the threshould 

values in adults, even though the infant`s spine is still more vulnerable and therefore 

more susceptible to damage compared to adolescents. For this reason DDH 

treatment should consider not only the forces acting on the growing hip but also the 

loads transmitted to the upper body of concerned infants. 
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Figures  

 

 

 

 

 

Figure 1: Infant with Tübinger splint: the forces to the hip are transmitted by the shoulder 

straps to the spine 
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Figure 2: Infant with Superior orthosis: the abduction and flexion forces are transferred 

mainly to the pelvis. 
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Figure 3: Experimental setup: S-shaped piezo-electric force sensor (KD24s, ME-

measurement systems; red arrow), applied to a Tübinger splint and data registration 

system
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Figure 4: Load on the infant`s shoulders (Box Plots with standard deviations; the 

maxima and minima are marked with a point): 

The maximal forces on the shoulders of the infants and subsequently the transmitted 

forces on the spine were significantly higher (p<0,05) with the Tübinger splint (range 

7,79N to 32,32N; MV:13,71N) in comparison to the Superior orthosis (range 1,72N to 

10,96N; MV5,47N). In the same way the minimum forces exceeded with the Tübinger 

splint (range 0,05N to 7,49NM; MV:2,81N) the forces measured with the Superior 

orthosis (range 0,00N to 3,51N; MV:0,68N) (p<0,05). 
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Figure 5: Force-Weight-Relationship: 

The average weight of the measured infants was 3442g. The transmitted forces 

correlated significantly with the body weight of the infants (p<0,05). In this context the 

forces in the Tübinger splint treated infants with a body weight over 3442g exceeded 

always 15N (Figure 5). In infants with a weight below 3442g the maximum 

transmitted forces never raised the 7,5 N border with the Superior-orthesis.  
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