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ABSTRACT

Objective: The aim of this study was to demonstrate a new robotic technique for the fixation of the fracture of the hook of hamate.

Methods: In this retrospective study, six patients who had undergone treatment of the hook of hamate fracture with a new technique
using robot navigation were included. Patients were evaluated postoperatively with flexion - extension and radial-ulnar range of wrist
motion, and were measured using a goniometer. Grip strength and pinch strength were measured and compared with the contralateral
wrist at the final follow-up. The Visual Analog Scale (VAS) and the Mayo Wrist Score were used to evaluate and record the recovery

outcome of the wrist.

Results: Primarily, healing was achieved at 12.3 weeks postoperatively. At the final follow-up (5-22 months, average 13.1 months) the VAS score
of the wrist was an average of 0.3 (0-2); the mean radial-ulnar deviation was 64.7°; the average of the flexion and extension range of motion was
141.9°; the average grip strength was 40.9 Kg; the average pinch strength was 11.8 Kg and the average Mayo Wrist Score was 95.8.

Conclusion: This study has shown us that treatment of nondisplaced or minimal displaced fractures of the hook of the hamate with robot
navigation is a viable technique with satisfactory clinical and radiological results.

Introduction

The hook of the hamate fracture is a rare pathology
representing 2%-4% of all carpal bone fractures and
is more common than hamate body fracture.”® The
fracture is most frequently attributed to 2 main mecha-
nisms: direct blow and compression to the hamate on
the heel of the hand or cumulative chronic injury dur-
ing sports activities such as using a racquet or a bat
sport.*® And the hook of the hamate fracture is most
usually seen in racket sport athletes, golfers, and base-
ball players.®” As the fracture is difficult to visualize
and appraise on routine radiographs of the wrist, the
diagnosis often cannot be made at the time of the initial
injury.® Therefore, delayed diagnosis is not uncommon;
unfortunately, it usually associates with high nonunion
rates.” Other factors of nonunion include poor blood
supply and fragment displacement with unmerited
continuous movement of the fourth and fifth digits.*"*

Therefore, how to manage the small fragment is still
a challenge for a hand surgeon or an orthopedic sur-
geon. Herein, we present a new commercially avail-
able robot associated with the 3D fluoroscopy unit for
surgical navigation called TiRobot (TINAVI Medical
Technologies Co., Ltd., Beijing, China) to address it.

Materials and Methods

After we obtained institutional review board approval
(the protocol number of ethics: RC201911001), we
retrospected 6 patients who suffered from the hook

of the hamate fracture and were treated by closed
reduction and internal fixation with a headless com-
pression screw under robot navigation in our center
between November 1, 2019, and October 31, 2021.

A typical case

A 37-year-old man whose left arm was caused a bruise
injury by a heavy object leading to his left hook of the
hamate and radius fractures was examined. Then he
underwent the closed reduction percutaneous inter-
nal fixation under the TiRobot navigation for the hook
of the hamate in our center (Figure 1A-E).

Surgical technique

The patient was in a supine position with the injured
limb abduction on a radiolucent table, under general
anesthesia, without the tourniquet assisted. A custom-
built radiolucent jig was used to affix the wrist, and
fixation of the wrist had to be stable and secure on the
table. The image intensifier was positioned caudally.

Based on the 3D volumetric image data, the hamate
was targeted at the TiRobot workstation. The entry
point, track, and length of the headless compres-
sion screw were simulated and planned in a visual-
ized TiRobot workstation image screen. And the
simulated entry point was designed and modified
in the workstation in the axial, sagittal, and coronal
planes to acquire the optimal position which was in
an appropriate position in the 3D volumetric modal of
the hook. The final error of the simulated model was
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Figure 1. A-E. The 37-year-old man whose left arm was caused a bruise injury by a heavy object and underwent the closed reduction percutaneous internal fixation under
the TiRobot navigation in our center. The X-ray film and CT images of the patient of the preoperation (A). Intraoperative guidance K-wire was inserted into the fragments
and then the headless compression screw was inserted into the hook through the trajectory with robot navigation. (B). The X-ray immediately after operation and the
appearance of the hand (C). After follow-up for 9 months, the function and appearance recovered satisfactory (D), and the CT images of the hook of the hamate fracture
healing. (E). CT, computerized tomography.

less than 1 mm. Once the planning was confirmed and performed,
the TiRobotic arm automatically moved to the skin anchor point and
navigated the trajectory.

After that, a percutaneous 0.8 mm K-wire as a guide pin through the
wire aiming guide was drilled into the hook; a less than 0.5 cm inci-
sion was made at the anchor point of the dorsal hand while the tip

HIGHLIGHTS

. Although the hook of the hamate fracture is rare, the treatment is still a chal-
lenge for surgeons. This study describes the utility of a new commercially
available robot associated with 3D fluoroscopy unit for surgical navigation in
treatment of hook of hamate fractures.

. In 6 patients with hook of hamate fractures, who recieved robotic assisted
treatment, the mean time to achieve primary healing was 12.3 weeks. The
fracture union was confirmed by CT in all patients, and the position of screw
was also confirmed that it remained in its original implanted position.

+  The results indicate that treatment of nondisplaced or minimal displaced
fractures of the hook of the hamate with robot navigation may be a safe and
effective technique.

of the K-wire penetrated the dorsal cortex of the hamate and bluntly
separated to the tip to avoid damage the extensor tendon, nerve,
and vessel of the dorsal hand, and the position and trajectory was
inspected by fluoroscopy. Once the result was optimal, a cannulated
drill was used to drill the hole along the guide pin. As the param-
eter of the simulating design in the TiRobot workstation, a headless
compression screw was inserted into the hook through the trajectory.
Finally, the position and length of the screw were evaluated by fluo-
roscopy, and the wound was primarily closed with absorbable suture
and dressed with self-adhesive bandage.

Postoperative Protocol

Physical rehabilitation program for the fingers of hand including
active and passive began when the pain was relieved. The patient
was reviewed in our department for 1, 2, 3, and 6 months and till
the final follow-up. The hook of the hamate union was confirmed
by computerized tomography (CT) scan while the line of fragment
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Figure 2. A, B. (A) Two reference frames of the robot are fixed onto the positioning jig and the robotic arm, respectively. The wrist of the patient is extended on the surgical
table and stably fixed to the custom-built and radiolucent jig. (B) The surgical planning workstation which can receive the 3D volumetric image data and admit the surgeon
to design and modify the entry point, path, and length of the percutaneous internal fixation screw in a visualized TiRobot workstation image screen.

fracture completely disappeared postoperatively. At the final follow-
up, the flexion-extension and radial-ulnar range of the motion of the
wrist was measured by a goniometer. The grip strength and the pinch
strength were measured and compared with the contralateral wrist
at the final follow-up. There was a visual analog scale (VAS) ranging
from 0 (no pain) to 10 (severe pain). And the Mayo wrist score was
used to evaluate and record the recovery outcome of the wrist.

Results

The hook of the hamate fracture of the 6 patients achieved pri-
mary healing 12.3 weeks postoperatively. The fracture union was
confirmed by CT in all patients, and the position of screw was also
confirmed that it remained in its original implanted position. The
mean follow-up time was 13.1 months (5-22 months), the VAS score
of the wrist was an average of 0.3 (0-2); the mean radial-ulnar devia-
tion was 64.7° the average of the flexion and extension activity
was 141.9°; except the case 3 50-year-old patient, all of the forearm
pronation and supination were 90°; the average grip strength was
40.9 kg; the pinch strength was 11.8 kg; the Mayo wrist score was
95.8, and all patients were rated excellent.

Discussion

The TiRobot is a robotic navigation system (TINAVI Medical
Technologies, Beijing, China) with an optical tracking system, a
stereotactic robotic arm with 6° of freedom, and a surgical plan-
ning workstation.’*'* And it associates with a 3-dimensional (3D)
fluoroscopy unit (ISO-C3D, Siemens, Erlangen, Germany) which
was used for capturing 3D image and guiding K-wire positioning
(Figure 2A, B)."01

The optical tracking device as the eyes of the TiRobot consists of an
infrared stereo camera and 2 reference frames. The one reference

frame is patient reference which is stably and securely fixed onto
a customized and radiolucent the wrist positioning jig, the other is
the robotic reference frame which is attached to the robotic arm to
identify and collect the position information of the wrist relative to
the robotic arm. They are the kernel component to guide the robot
navigation to a planned position.

The 3D fluoroscopy unit is the image acquisition system which is
used to capture and process the axial, coronal, and sagittal planes
of the fractured bone, then the images are delivered to the TiRobot
workstation to construct a 3D volumetric image for intraoperative
planning, and its component including a 3D C-arm and a C-arm refer-
ence tracker, which can be circumferentially scanned images around
the target.’ The position was confirmed by fluoroscopy while the
C-arm and the reference frames were appropriately positioned; after
that, an automated registration scan is performed, and the images
will be circumferentially captured around the patient’s wrist in fixed
angular steps.

The accuracy of screw placement during surgery was inspected by
comparison of the radiography results. The planning position and
track of the interoperative implanted screws in all the patients were
confirmed by postoperative X-ray and CT scanning, and the results
showed that were the similar to X-ray and 3D volumetric image data.
The length of the headless compression screw matched exactly with
the intraoperative planning from the workstation length. And the
results of accurate positioning, the dimensions of implants and the
screw trajectories can successfully acquire. There were no cortical
violations of either the dorsal or palm plane in all cases. There were
no complications in intraoperation and postoperation. To the best of
our knowledge, this method is the first case with robotic treatment
for hamatum hook fractures. We believe that the treatment for the
hook of hamate fracture with robot navigation is a new beginning
and will certainly lead to future research.
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