
Novel posterior integrated clampAsian Spine Journal 1

Copyright Ⓒ 2013 by Korean Society of Spine Surgery
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Asian Spine Journal • pISSN 1976-1902 eISSN 1976-7846 • www.asianspinejournal.org

Received Mar 27, 2012; Revised Jul 7, 2012; Accepted Jul 7, 2012
Corresponding author: Suresh Reddy Chinthakunta
Globus Medical Inc., 2560 General Armistead Ave, Audubon, PA 19403, USA
Tel: +1-610-930-1800 (2502), Fax: +1-610-930-2042, E-mail: sureshoubme@gmail.com

Biomechanical Evaluation of a Novel Posterior 
Integrated Clamp That Attaches to an Existing 

Posterior Instrumentation for Use  
in Thoracolumbar Revision

Patrick Senatus1, Suresh Reddy Chinthakunta2, Pedram Vazifeh2, Saif Khalil2

1University of Connecticut Health Center, Farmington, CT, USA
2Globus Medical Inc., Audubon, PA, USA

Study Design: An in vitro biomechanical study.
Purpose: To evaluate the biomechanics of a novel posterior integrated clamp (IC) that extends on an already implanted construct in 
comparison to single long continuous bilateral pedicle screw (BPS) and rod stabilization system. 
Overview of Literature: Revision surgery in the thoracolumbar spine often necessitates further instrumentation following a failed 
previous back surgery. Stability of these reconstructed constructs is not known.
Methods: Six osteoligamentous T12-L5 calf spines were tested on a spine motion simulator in the following configurations: intact, 
four level constructs (T13-L4), three level constructs (L1-L4), and two level constructs (L2-L4), by varying the ratio between BPS and IC. 
A load control protocol of 8 Nm moments was applied at a rate of 1°/sec to establish the range of motion value for each construct in 
flexion-extension, lateral bending, and axial rotation. Statistical analysis was performed on raw data using repeated measures analy-
sis of variance and significance was set at p<0.05. 
Results: On an average, the reduction in motion for the four level continuous pedicle screw and rod construct (67%) was similar to 
those extended with integrated clamps (64%). Furthermore, for three level and two level constructs, no significant difference was 
observed between continuous pedicle screw constructs and those revised with the integrated clamps (regardless of the ratio between 
BPS and IC). 
Conclusions: The novel posterior IC showed equivalent biomechanical rigidity to continuous pedicle screw rod constructs in revision 
scenarios. Clinical studies on posterior rod adjunct systems are necessary to confirm these results.
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Introduction

Spinal surgeries have been successful in treating symp-
tomatic  spondylosis, but several patients still have 

postoperative symptoms that require single or multiple 
revision surgery [1]. The most common reasons for revi-
sion surgeries are pseudarthrosis, curve progression, in-
fection, adjacent level degeneration, and implant failures 
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[2]. Lumbar spine surgery has been reported to have revi-
sion rates as high as 37% [1,3]. It has been reported that 
within 3 to 5 years, 15% to 20% of patients undergoing 
fusion for degenerative conditions underwent a revision 
surgery due to significant back pain [4]. Improved surgi-
cal technique and a more careful way of patient selection 
can reduce the need for revision surgery; however, in 
many cases, it is not possible to avoid the need for longer 
posterior instrumentation [1]. More often than not, these 
revision surgeries require replacing the existing implants, 
which may increase the number of procedural steps, the 
length of the surgical incision, and the required operative 
time leading to further complications [5].

In the event of a revision surgery, the operating sur-
geon may either perform a complete implant removal or 
top off an extension system to the existing instrumenta-
tion. The latter is more common when treating adjacent 
instability while the former is usually required in cases of 
instrumentation failure. In the present study, we evalu-
ated the biomechanics of a novel integrated clamp (IC) 
(Revere Addition Rescue, Globus Medical Inc., Audubon, 
PA, USA) extending on to the previously implanted ped-
icle screw rod construct. The system also includes novel 
implants used for extending an already implanted rigid 
pedicle screw rod system. Extension is accomplished by 
attaching an auxiliary rod to the last link of the previously 
implanted system with various connectors. Apart from a 
range of rod-to-rod connectors, the system includes con-
tourable integrated clamps (Rescue, Globus Medical Inc.) 
(Fig. 1). Their single block design minimizes stress con-
centration at the rod-connection interface by a gradual 
radius and is mechanically stronger than a typical parallel 
connector. These specialized implants allow surgeries to 
be performed through a smaller incision with the poten-
tial for reduced surgical complications, decreased blood 
loss, and shorter operation time. 

Use of novel integrated clamps in conjunction with 
screw and rod fixation system is of interest to many sur-
geons because of its ease-of-use and reduced procedural 
steps. For these advantages to be beneficial, the biome-
chanical properties of the system should be comparably 
stable than traditional internal rigid fixation. Hence, to 
accomplish this purpose, revision surgery was simulated 
with conventional bilateral pedicle screw (BPS) and the 
novel IC that extends onto an already implanted con-
struct. In addition, the difference in biomechanical stabil-
ity, if any, offered by this novel system was compared to a 

continuous BPS stabilization system by simulating vari-
ous revision scenarios using a calf spine model (T12-L5). 

Materials and Methods

1. Specimen preparation

A total of six thoracolumbar calf spines (T12-L5, 
18-week-old) were used in the present study. Specimens 
were radiographed in the anterior-posterior and lateral 
planes to ensure the absence of any major anatomical ab-
normalities/fractures. The sacrum and L6 were removed 
in the slaughtering procedure. The spines were dissected 
by carefully denuding the paravertebral musculature, 
avoiding disruption of spinal ligaments, joints and disks. 
Each spine was potted proximally at T12 and distally at 
L5 in a 3:1 mixture of Bondo auto body filler (Bondo 
MarHyde Corp, Atlanta, GA, USA) and fiberglass resin 
(Home-Solution All Purpose Bondo MarHyde). 

2. Flexibility testing

Each spine was fixed to the load frame of a custom-built 
six degree of freedom spine simulator and a pure moment 
was applied to the construct through servomotors [6]. 
The design of the load frame enables unconstrained mo-
tion of the spine in response to an applied load. There was 
no compressive preload applied on the specimen. A load 
control protocol was used to apply a maximum moment 
of ±8 Nm at a rate of 1°/sec [7,8]. Three infrared light-

Fig. 1. Novel Integrated clamps connecting previously implanted bi-
lateral pedicle screw instrumentation preventing the need to remove 
existing implant. Additional connectors available within the system 
that wed to a pre-existing longitudinal component.
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emitting diodes, mounted non-collinearly on a plexiglass 
plate were rigidly attached to the anterior aspect of each 
vertebral body T13, L1, L2, L3, and L4 and served as 
points for motion measurement. Three-dimensional mo-
tions were tracked using Optotrak Certus motion analysis 
system (NDI Inc., Waterloo, ON, Canada). Each of the 
test constructs were subjected to two load-unload cycles 
in each of the physiologic planes, thus generating flexion-
extension (FE), right-left lateral bending (LB), and right-
left axial rotation (AR) load displacement curves. The 
three dimensional intervertebral rotation was obtained 
from the motion analysis data files in the form of Euler 

angles (degrees) about the X, Y, and Z-axes. The Rx/-Rx, 

Ry/-Ry, and Rz/-Rz denotes FE, AR, and LB range of mo-
tion (ROM), respectively.  

3. Surgical constructs

Each spine was initially tested in the intact state. Pos-
terior instrumentation was then performed using BPS 
and rods using REVERE pedicle screws (Globus Medical 
Inc.) at T13-L4, L1-L4, and L2-L4 levels. Following pos-
terior instrumentation, IC using Revere Addition Rescue 

clamps (Globus Medical Inc.) (Fig. 1) were instrumented 

A B C D

Fig. 2. Four level surgical constructs. (A) Bilateral pedicle screw (BPS) T13-L4, (B) BPS L3-L4+integrated clamp (IC) T13-L3, (C) BPS 
L2-L4+IC T13-L2, and (D) BPS L1-L4+IC T13-L1.

A B C

Fig. 3. Three level constructs. (A) Bilateral pedicle screw (BPS) L1-L4, (B) BPS L3-L4+integrated clamp (IC) L1-L3, (C) BPS L2-L4+IC 

L1-L2.



Patrick Senatus et al.4 Asian Spine J 2013;1:1-7

adjacent to the BPS at T13-L4, L1-L4, and L2-L4 levels as 
shown in Figs. 2-4, simulating various revision scenarios. 

 Surgical constructs included: 1) Intact; 2) Four level 
constructs (Fig. 2): (1) BPS T13-L4, (2) BPS L3-L4+IC 
T13-L3 (1:3), (3) BPS L2-L4+IC T13-L2 (2:2), (4) BPS 
L1-L4+IC T13-L1 (3:1); 3) Three level constructs (Fig. 
3): (1) BPS L1-L4, (2) BPS L3-L4+IC L1-L3 (1:2), (3) BPS 
L2-L4+IC L1-L2 (2:1); 4) Two level constructs (Fig. 4): (1) 
BPS L2-L4, (2) BPS L3-L4+IC L2-L3 (1:1).

4. Data analysis

Statistical analysis was performed on raw data using one-
way repeated measures analysis of variance followed by 
Tukey’s post-hoc for multiple comparison procedures. 
Significance was set at p<0.05.

Results

The constructs were examined after testing and showed 
no visible signs of damage, loosening, or breakage. ROM 
data were normalized to the intact spine (100%) and re-
ported as mean±standard deviation.

1. T13-L4 ROM (four level constructs)

Comparative ROM values for different surgical constructs 
are presented in Table 1. ROM for all the instrumented 
conditions reduced significantly in all loading modes 
when compared to the intact condition. There was no sig-
nificant difference between the instrumented constructs 
for any of the loading conditions. The four level standard 
screw and rod construct reduced motion by 82%, 71%, 
and 47% in FE, LB, and AR, respectively, when com-
pared to the intact condition. Significance was achieved 
in FE and LB. The 1:3 revision construct significantly 
reduced motion by 81%, 72%, and 51%, in FE, LB, and 

AR, respectively. The 2:2 revision construct significantly 
resulted in 73%, 64% and 42% reduction in FE, LB, and 
AR, respectively, when compared to the intact condition. 
Similarly, the 3:1 revision construct significantly reduced 
motion by 76%, 64%, and 48% in FE, LB, and AR, re-
spectively when compared to the intact condition. ROM 
tended to increase minimally with 2:2 and 1:3 constructs.

2. L1-L4 ROM (three level constructs)

Comparative ROM values for the various surgical con-
structs are presented in Table 2. Mean ROM was signifi-
cantly reduced in all the constructs and in all loading 
modes when compared to the intact condition. The 
continuous rod construct significantly reduced motion 
by 60%, 49%, and 37% in FE, LB, and AR, respectively, 
when compared to the intact condition.  Furthermore, 
the 1:2 revision construct reduced motion by 61%, 50%, 
and 40%, in FE, LB, and AR, respectively, when com-
pared to the intact condition. In a similar fashion, the 2:1 
construct significantly reduced motion by 64%, 54%, and 
46% in FE, LB, and AR, respectively. No significant dif-

A B

Fig. 4. Two level surgical constructs. (A) Bilateral pedicle screw (BPS) 
L2-L4 and (B) BPS L3-L4+integrated clamp L2-L3.

Table 1. ROM values (degrees) for different surgical constructs at T13-L4

Loading condition Intact BPS T13-L4 BPS L3-L4+IC T13-L3 BPS L2-L4+IC T13-L2 BPS L1-L4+IC T13-L1

Flexion-extension 37±6   7±3   7±3 10±3   9±1

Lateral bending   58±11 17±4 17±4 21±6 21±5

Axial rotation 18±2 10±1   9±2 11±1   9±1

Values are presented as mean±standard deviation.
ROM, range of motion; BPS, bilateral pedicle screw; IC, integrated clamp.
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ference in mean ROM was observed between the instru-
mented constructs for any of the loading conditions.

2. L2-L4 ROM (two level constructs)

Comparative mean ROM values for the tested surgical 
constructs are shown in Table 3. Upon comparison with 
the intact condition, mean ROM for all the instrumented 
conditions reduced significantly in FE, LB, and AR. There 
was no significant difference between the instrumented 
constructs in none of the loading conditions. The un-
revised construct reduced motion significantly by 42%, 
36%, and 27% in FE, LB, and AR, respectively. The 1:1 
revision constructs reduced motion in a similar fashion.

Discussion

Reoperations requiring implant removal are not very ex-
ceptional. Implants are removed, although occasionally, 
following instrumented posterior spinal fusion due to late 
operative site pain and failed back surgery amongst sev-
eral other factors [5]. In a retrospective case series of 185 
patients, Asher et al. [9] reported an 8% reoperation rate 
for late operative site pain. In another retrospective study 
conducted by Gillet [10], 20% of 78 patients followed for 
a minimum of 5 years required a secondary operation for 
extension of the fusion.  Most of the lumbar revision sur-
geries involve replacing the existing implants, which may 
increase the number of procedural steps, the size of the 

surgical incision, and the operative time, possibly leading 
to further complications. In a retrospective cohort study 
consisting of 24,882 patients, Martin et al. [11] reported 
that 60% of reoperations following fusion were associ-
ated with either device complications or pseudoarthrosis. 
Deckey et al. [12] reported that patients with complete 
removal of the implant experienced increasing pain or 
collapse and Rathjen et al. [5] demonstrated that patients 
with solid fusion may have progressive spinal deformity 
following implant removal. These complications are, how-
ever, dependent on surgical treatment and instrumenta-
tion, which varies greatly depending upon the condition 
of the patient, the procedure originally performed, and 
the nature of the failure. The novel IC discussed in this 
paper was designed to minimize some of the complica-
tions of revision surgeries by simplifying the extension of 
existing constructs. However, the stability of such a sys-
tem upon comparison with traditional BPS stabilization 
system is not known. Hence, this study was designed to 
test the biomechanical aspects (ROM) of the IC. 

In the present study, three revision scenarios involving 
two, three, and four levels were simulated. First scenario 
compared the continuous BPS system (simulating a com-
plete removal of the implant) to three fixations (1:3, 2:2, 
3:1) with the IC as an add-on (simulating the revision 
scenarios). The next two revision scenarios were repro-
duced at two and three levels. The results of the study 
demonstrate that all the instrumented (four, three and 
two level) constructs significantly reduced the ROM of 

Table 2. ROM values (degrees) for various surgical constructs at L1-L4

Loading condition Intact BPS L1-L4 BPS L3-L4+IC L1-L3 BPS L2-L4+IC L1-L2

Flexion-extension 32±6 13±2 12±2 12±2

Lateral bending   50±11 26±5 25±5 23±4

Axial rotation 16±2 10±1 10±1   9±2

Values are presented as mean±standard deviation.
ROM, range of motion; BPS, bilateral pedicle screw; IC, integrated clamp.

Table 3. ROM values (degrees) for tested surgical constructs at L2-L4

Loading condition Intact BPS L2-L4 BPS L3-L4+IC L2-L3 

Flexion-extension 27±5 16±1 15±2

Lateral bending 43±9 28±3 28±3

Axial rotation 14±1 10±1 10±2

Values are presented as mean±standard deviation.
ROM, range of motion; BPS, bilateral pedicle screw; IC, integrated clamp.
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the spine when compared to the intact spine in all the 
loading modes. The results of this study also show that 
connecting rods, with up to a 3:1 ratio of extensional rods 
to rigid rods, provided equivalent biomechanical stability 
to a one piece rigid construct i.e., irrespective of the ratio 
of extensional rods to rigid rods the stability provided by 
the revised constructs was comparable to the continuous 
BPS system. The strength of the IC was in the radius (Fig. 
1), the critical junction where the rod meets the clamp, 
which was mechanically stronger and lacked the stresses 
of a typical parallel connector. Therefore, it is proposed 
that adding an IC to an already existing instrumentation, 
where feasible, will not affect the stability of the system. 
This is especially useful when fusing the level above or 
below a previous fusion due to new radiculopathy or my-
elopathy in which decompression and extension of the 
earlier fusion is required. In such cases, instead of remov-
ing the complete fixation, the surgeon may add the IC ad-
jacent to the existing posterior instrumentation, thereby 
minimizing the surgery time and amount of exposure. 
Thus, the novel IC discussed in this paper may be used 
as an extension stabilization system in revision scenarios 
to minimize complications associated with revision spine 
surgeries.

This study was carried out using calf spines. Previous 
biomechanical and anatomical studies have demonstrated 
similarities between calf and human lumbar spines with 
regard to physical and mechanical properties, establish-
ing suitability as substitutes for human spines for in vitro 
studies [13-15]. In addition, it has previously been shown 
that the use of calf spines as models for human spines in 
the testing of implant stability is especially suitable if the 
parameter of primary interest is ROM [14,15]. 

Often times in the thoracic region, pedicle screws are 
very close together and there may not be enough space 
for the application of novel IC. For such scenarios, addi-
tional connectors within the system (Fig. 1) can be used. 
These connectors avoid removal of proximal pedicle 
screws inevitable in certain revision cases. Such addition-
al features of the system allow surgeries to be performed 
through a smaller incision with the potential for reduced 
surgical complications, blood loss, and operation time. 
The stability offered by these additional connectors was 
not evaluated in this study, and the study is limited in 
this regard. Furthermore, it would have been interesting 
to see the potential stress failure points of this novel IC 
using a finite element analysis. Perhaps in a future study 

this aspect will be investigated. 

Conclusions

The use of novel IC adjacent to existing posterior instru-
mentation may be valuable to surgeons for a number 
of practical reasons, the most obvious being potentially 
reduced surgical time, and reduced invasiveness. This 
extending system placed adjacent to conventional BPS 
and rod system demonstrated equivalent biomechani-
cal rigidity when compared to single long screw and rod 
construct. Clinical studies are required to confirm these 
findings. 
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