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Introduction

External fi xation devices are often the preferred method 
of treatment for complex limb deformities due to their 
ability to sequentially or simultaneously correct multi-
planar deformities. They can be applied to any long bone 
or joint deformity and are extremely versatile, allowing 
multiple simultaneous deformity corrections on a single limb 
[1]. External fi xators often provide superior biomechanical 
properties compared with other orthopedic devices like plate 
and screw or intramedullary nail constructs [2]. The original 
Ilizarov circular ring fi xators developed in the 1950s used thin, 
highly tensioned wires to hold and manipulate bone fragments 
along threaded rods [3]. The Taylor Spatial Frame (TSF) and 
many subsequent external fi xation systems introduced hexapod 
strut technology [2] which utilizes gradual lengthening or 
shortening of six telescopic struts to correct limb deformities 
along any angular or translational plane (“6 axes of freedom”) 
with the help of a computer-generated adjustment schedule 
[5]. The physician is thus able to precisely control the length 

and alignment of a limb via incremental strut adjustments 
[4]. Any residual deformity is managed with another shorter 
application of the process. 

The success of external fi xators in the correction of 
complex limb deformities has been well documented. A 2008 
study analyzed 38 patients with a tibial nonunion treated with 
a hexapod circular fi xator. Bony union was achieved after the 
initial treatment in 27 (71%) patients, and after an additional 
treatment schedule, 36 (95%) ultimately experienced bony 
union [6]. A 2010 study of 122 tibial deformity patients treated 
with hexapod technology demonstrated all tibial deformities 
were corrected accurately and with few complications [7]. 
Similarly, a retrospective review of 52 patients who underwent 
supramalleolar tibial osteotomy with application of a hexapod 
fi xator found signifi cant improvement in all aggregate 
postoperative distal tibial angles [8].

While the results of these studies exemplify the remarkable 
effectiveness and dynamic nature of external fi xators, there are 
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drawbacks to the process worth noting. When the patient leaves 
the hospital after external fi xator application, he or she is given 
a piece of paper that outlines how often, by how much, and 
in what direction to adjust the hexapod struts [9]. Successful 
treatment relies on strict adherence to this guide, and it is the 
responsibility of the patient to manually adjust the struts [9]. 
In some cases, patients are unable to adjust their own struts, 
and must have a caregiver who can frequently, consistently, 
and accurately turn the struts in accordance with the treatment 
plan. The patient or caregiver must turn as many as 6 struts up 
to 4 times a day, equating to over 2100 turns during a 3-month 
treatment plan. This leaves many opportunities for patient 
error [10]. In the experience of the senior author, around 10% 
of patients experience problems associated with manual strut 
adjustments, particularly among those with poor fi ne motor 
coordination or eyesight, or those who are lackadaisical with 
strict scheduled regimens. Additionally, since doctors cannot 
monitor compliance with the treatment plan, and unrecognized 
errors prolong the period of adjustments, the patient needs 
transportation to attend frequent offi ce visits. While diffi cult to 
quantify for each patient, transportation costs and lost days of 
work for the patient or the caregiver could increase the cost of 
treatment by thousands of dollars. If a patient cannot meet all 
of these requirements, treatment with hexapod external fi xator 
may not be viable, and the patient will not take advantage of 
the benefi ts associated with external fi xation [1]. 

Orthospin technology

Recent developments in robotics have provided a solution 
to the defi ciencies of external fi xation treatment. Orthospin, 
located in Yoqneam, Israel, has developed a smart robotic 
system for external fi xation devices. Their AutoStrut 
technology involves 6 motorized “Smartstruts” that receive 
information from a smart control box placed on top of the 
external fi xator frame (Figure 1A and 1B) [10]. Orthospin’s 
system automatically and accurately adjusts and lengthens 
struts in accordance with the physician’s prescribed treatment 
plan. This process is fully automated, and eliminates the 
dependency on patient compliance and the need for manual 
strut adjustments [11]. The adjustments can theoretically occur 
up to 100 times per day, which should decrease the pain of large 
adjustments and may be biologically advantageous, leading to 
faster bone formation, although this will require further study. 
Additionally, Orthospin’s system sends real time updates to 
the physician’s phone or computer, allowing him or her to 
monitor the patient’s progress from anywhere. This limits the 
need for frequent clinic visits, potentially saving two or more 
visits throughout treatment [10]. The Orthospin struts are 
currently used with the Maxframe™ (Depuy Synthes) hexapod 
external fi xation system and applied in the operating room 
like other struts. The patient therefore enjoys the benefi ts 
associated with modern external fi xation treatment with added 
convenience and feasibility [10]. The Orthospin system is also 
entirely waterproof, and the robotic struts can be used to 
collect data regarding force experienced by a strut during each 
movement. This is expected to enhance our understanding of 
the biomechanics of gradual limb deformity correction and 
bone union.

Early successful application

Early applications of Orthospin technology in the United 
States have been promising. A 6-year-old patient presented 
with a 31 millimeter (mm) Limb Length Discrepancy (LLD) and 
10 degrees of external tibial torsion (Figure 2A). At ten years 
old, his LLD worsened to 35 mm with a predicted LLD of 40 mm, 
and he experienced 12 degrees of external tibial torsion (Figure 
2B and 2C). At this point, his complex, multiplanar deformity 
(axial and rotational) was treated with osteoplasty of the tibia 
and fi bula followed by the application of an external fi xator 
equipped with Orthospin struts. Six days after the operation, 
the patient was prescribed a treatment plan with a 40 mm 
lengthening goal and a 12-degree rotation correction. One 
month after surgery, a distraction gap of 22 mm was achieved 
(Figure 3A). Two months after surgery, the full distraction gap 
of 40 mm was achieved, and the patient was given a residual 
adjustment schedule to correct 2 degrees of varus, 3 mm of 
medial translation, and 6 mm of anterior translation (Figure 
3B). Ten days later, the patient presented for his fi nal distraction 
visit and displayed no residual deformity (Figures 3C,4A). At 
this point the control box and motors were removed from 
the external fi xator in the clinic to make the frame less bulky 
(Figure 4B). Three months after surgery, the patient returned 
to light, low impact physical activity (Figures 3D,5). Four 
months after surgery, the external fi xator was removed (Figure 
6). This case highlights the value and benefi ts associated with 
the Orthospin technology. The patient’s multiplanar deformity 
was successfully corrected with an external fi xator, but without 
the patient or family adjusting a single strut. The adjustments 
were well tolerated, and the patient reported no signifi cant 

Figure 1: (A) Orthospin motorized “Smartstruts” and smart control box attached to 
an external fi xator [12]. (B) Close-up of the smart control box [12].

Figure 2: (A) X-Ray of patient at initial presentation with a 21mm block under the 
left foot. (B) Preoperative X-Ray of patient with a 30mm block under the left foot. (C) 
Preoperative clinical photo of patient showing 35 mm LLD.
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pain or need for additional medication throughout the process. 
The physician was able to track the patient’s progress in real-
time, so fewer clinic visits were needed than is typical for a 
large lengthening of four centimeters, saving the patient’s 
family time and money. Overall, the patient underwent a less 
burdensome, less error-prone, and highly effective deformity 
correction. Minimal pain and need for narcotics were noted. 
The Orthospin technology only recently received FDA clearance, 
and the current small sample size presents a limitation to the 
study. However, the senior authors have successfully treated 
over 10 patients with the Orthospin system to date, and plan to 
continue to use the technology [13].

Conclusion

Modern external fi xators represent a proven and often 
essential tool in the correction of multiplanar, complex 
deformities. Despite their remarkable versatility and 
effectiveness, they still suffer from fl aws revolving around 
the need for manual adjustment of struts by patients and 
caregivers. Orthospin’s Autostrut technology resolves these 
issues and improves the patient experience by automating 
the adjustment of struts and sending real-time feedback to 
doctors. The Orthospin system is FDA approved, and the global 
market for this technology is estimated at 800 million USD.
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