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Abstract
Background: 10% of all fractures occur in the �ngers and metacarpal region. Early mobilization with
preservation of grip function is the goal of any therapy for these injuries. Osteosyntheses with plates are
used in complex fractures that do not allow any other treatment. The aim of this retrospective study was
to evaluate the performance and safety of the Stryker Hand System.

Patients and Methods: Between 2010 and 2019, 190 patients underwent surgical treatment with plates
for fractures of the �ngers and metacarpal region. Of these, 140 operations could be analyzed according
to the inclusion criteria based on clinical and radiological parameters.

Results: Three-quarters of the patients were male. The mean age at the time of surgery was 39.3 ± 15.97
years. Falling was the leading cause for hand fractures, and the commonest were fractures of the shaft
(>52%). More than 15% were complex hand injuries with more than one fractured �nger. The majority of
patients were healthy non-smokers without systemic diseases and relevant medical history.

Conclusion: The Stryker Finger Plates are safe implants with good results that are consistent with those
reported in the literature. The trend is also toward stable-angle implants for fracture treatment of the
�nger, in order to enable the earliest possible functional, safe mobilization. The maxim that the extent of
the soft tissue injury is responsible for the result continues to apply.

Level of Evidence Level: IV; Outcome-study, retrospective

Background
Hand and �ngers, as exposed gripping organs of humans, are exposed to injuries. The metacarpals and
�ngers account for about 10% of all fractures. The vast majority of injuries to the �ngers can be treated
conservatively 1. The indication for surgical treatment is always given when open or unstable fractures or
intra-articular fractures or rotation defects are present 2. Imaging is indispensable for con�rming the
diagnosis 3. The aim of the operation is an early mobilization of the �nger and the soft tissue close to the
bone to preserve the gripping function 4. In addition to the anatomical reconstruction of the bone, the
therapy takes into account the protection of tendons and tendon gliding tissue to avoid unnecessary
restrictions 5-7. If using minimally invasive procedures like Kirschner-wires (K-wires) or screws due to the
fracture morphology are not possible, osteosyntheses with plate implants are used. In recent years, angle-
stable implants have also been increasingly used in hand surgery to further improve early functional
exercise. All procedures and therapists must be measured against the "restitutio ad integrum".

The Stryker Hand Plating System is a comprehensive mini fragment �xation system of plates in varying
lengths, shapes and widths (designs) consisting of two modules: the VariAx Hand Locking Plate, offering
the bene�t of variable angled locking, and the Profyle Hand Standard Plating, utilizing non-locking
plates 8. The plating system offers locking and non-locking options necessary to treat a full range of
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hand (metacarpal) and wrist fractures. The system is intended for use in internal �xation of small bones
of the hand (�nger) and wrist. 

The objective of this retrospective study is to demonstrate the performance and safety of the Stryker
Hand Plating System.

Patients And Methods
This retrospective study has been designed to collect safety and performance Standard of Care data on
patients who have been previously operated (2010-2019) with the Stryker Hand Plating System for the
treatment of hand and wrist fractures in adults (18 years and older) per indications for use.

First bone consolidation in correct alignment measured by radiographic and clinical assessments
documented the performance of the procedure. Secondary the safety of the Stryker Hand Plating System
was demonstrated through reporting of implant-related intra-operative and post-operative Adverse Events
via a previously collected data set on the same sample population. Besides, pain and painlessness,
respectively as well as the ability to bear weight after consolidation were evaluated.

The authors included all patients who were operated on from 2010 to 2019 and met the protocol
requirements. Data were collected as a consecutive case series from the Investigator standard patient
population. Patients with insu�cient follow-up were documented but not included in analyses. Patients
that met the following inclusion criteria were eligible for participation:

A) Patients 18 years or older at the time of index procedure.

B) Patients who previously received the Stryker Hand Plating System (VariAx and Profyle) by the
indications for use: Internal �xation of small bones including the hand and wrist.

Between 2010 – 2019 190 patients were operated at the Department of Trauma, Hand- and
Reconstructive Surgery, using VariAx Hand Locking Plate Module or Profyle Hand Standard Plating
Module systems. Eight adolescent patients were excluded from the study. Furthermore, 42 patients
without complete documented follow-up were also excluded. In total 140 patients participating in the
study.

Data collection (methods / sources):

The operation was performed on an outpatient basis, except for complex hand injuries. Data were
collected at Pre-Operative, Operative/Discharge, on the �rst postoperative day, after 3 and 6 weeks. At
these points, an X-ray and a clinical examination were regularly performed. If the fracture did not
consolidate, the period was extended by three weeks each time. From 3 months on, delayed fracture
healing is de�ned, and from the 6th month a pseudarthrosis. Metal removal was optional and was only
done at device-related events or the request of the patient.
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Follow-up visits were performed until either bone consolidation has occurred or the implant was removed
(hardware removal) or otherwise determined to be a failure. Subjects for which follow-up was insu�cient
to make this determination were documented, but not included in analyses. 

Methods of assessment / measurement:

Only �nger and metacarpal fractures were included in the study, and the fractures were classi�ed into
head, shaft, and base according to their location. Complex hand injuries were included in the same way.
These are de�ned as multi-structural injuries of vessels, nerves, tendons, bones, and soft tissue that led to
a restriction or loss of function.

Follow-up treatment was based on a checklist that included clinical evaluation for pain, exercise capacity,
range of motion, and radiological control.

Only data on demographics, medical/surgical history, bone consolidation, and adverse events were
included.

Statistics:

All documented eligible patients operated between 2010 and 2019 were included. The table was screened
for double listed cases and cases with missing follow up consultations were excluded before statistical
evaluation. This table is not provided to the report. 

A descriptive statistical evaluation was performed as mean ± standard deviation as well as the minimal
and maximal values for the age, body mass index and consolidation time. Frequency analysis was
performed for all other values (e.g. gender, race, medical history, injury and fracture classi�cation) using
Statistical Package PASW 26.0 (IBM, SPSS Inc., Armonk, NY, USA). Results were documented as absolute
numbers and percentages (rounded to one decimal place) * of valid cases. 

* = Visualization was performed as pie charts. Because of the rounding to one decimal place,
discrepancies from 100% at the �rst decimal place could occur. 

Results
Study Population

The patients of the study group were between 18 and 86 years of age (mean ± SD: 39.3± 15.97). The
Body Mass Index (BMI) ranged between 19.2 and 40.6 (25.1 ± 3.34). Almost three quarter of the patients
were male (103 patients) with minority of 37 female patients. The majority patients were Caucasian
(123), two were African Americans, four were Asians and in eleven patients, the information was missing. 

Medical History
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Standard medical history regarding smoking habits and other diseases, revealed that 84 were non-
smokers, nine were previous smokers, 41 were smokers, while six patients refrained from answering.
Furthermore, only seven patients had diabetes mellitus, six gave no information and 127 were not
diabetic. Only �ve patients had osteoporosis, another �ve gave no information and the remaining. 130
patients were not osteoporotic. 33 of the patients included in this study had an additional medical history
of interest, in one case this information was not available, and 106 patients had no additional relevant
medical background.

The evaluated additional relevant medical history of the patients was manifold, including e.g. cardiac and
lung diseases, psychological as well as cancer diseases and drug abuse. Nine of the total number of 33
patients had more than one relevant additional medical condition. A complete list of the documented
additional medical history, which have been occurred during this study are listed in Table 1. 

Table 1: Additional relevant medical history of the study participants listed by

diseases/medical condition and number of cases (N = 33). 

medical condition number of cases

hypertonia 16

hyperthyroidism 4

COPD 4

asthma 3

depression 3

alcohol abuse 2

drug abuse 1

leukemia 1

dialysis 1

cold 1

pulmonary embolism 1

varicosis 1

mental illness 1

schizophrenia 1

dementia 1

lumbalgia 1

state after prostate cancer 1
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Injury cause and type

The initial accident, which made the surgery necessary varied from road accident (ten cases of motor
vehicle accidents, eight cases of motorcycle collisions and one pedestrian struck), falls (45 from standing
and six from a height), 29 crushes and 41 “other”, which were not de�ned more detailed (Figure 1A). In 86
cases the right hand and in 54 cases the left hand was affected by the accident (Figure 1B). Fractures
(metacarpal and �nger fractures) were classi�ed into “fracture of the base” (51 cases), “fracture of the
shaft” (73 cases), “fracture of the head” (eleven cases) and in 5 cases the classi�cation was missing
(Figure 1C). Fractures of the hand differ in severity and complexity. Therefore, the hand fractures in this
study were classi�ed as “complex hand injuries” in 22 of the evaluated 140 cases (Figure 1D).

Primary indications and device use details

There were different indications that resulted in hand surgery (Figure 2A). In this study the most common
reasons were surgical treatment of metacarpal fractures (82 cases) and phalangeal fractures (52 cases).
Joint fusion was the primary indication of surgery in four cases, one patient underwent hand surgery for
internal �xation of small bones in the hand, one for corrective osteotomy and another one for
replantation. The Profyle Hand Standard Plating is a non-locking plate and was used in the majority (136)
of the study cases, whereas the VariAx Hand locking Plate was used in only four cases (Figure 2B).

Bone consolidation (Performance)

Major objective of surgical fracture treatment is regaining function. Therefore, bone consolidation was
clinically and radiographically monitored and the ability to bear weight as well as being pain free was
also evaluated for all 140 evaluated cases (Figure 3). Bone consolidation was observed radiographically
in 121 cases after 93.2 days ((mean ± SD) ± 55.7; min: 36; max: 212) (Table 2).

Table 2: Bone consolidation in days.

determination clinically radiologically  clinically and radiologically 

mean 108.7 110.7 109.9

SD 122.31 125.31 126.24

min 36 41 36

max 469 469 469

 

In 19 fractures no consolidation could be documented. The consolidation of the bone was also clinically
evaluated. Hereby, 135 patients were positively rated, �ve cases showed no clinical consolidation and
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only two of these �ve patients showed no clinical despite radiographically con�rmed consolidation after
118 and 183 days, respectively. 

The longest documented period was 1200 days for one patient, who needed two revision surgeries to
reach consolidation. Because of the revision surgeries, this case was excluded from the study. 

Three patients showed neither radiographically nor clinically con�rmed consolidation after 35 and 43
days, respectively. One patient developed a wound infection.

Weight-bearing and Pain

118 of this study’s patients were able to bear weight at consolidation (radiologically and/or clinically
determined) and 109 patients were pain free at consolidation. Only 22 patients were not able to bear
weight at consolidation and in 31 cases the aim of being pain free was not reached (Figure 3 C-D).

Device-related adverse events (Implant Safety)

Currently available implants for trauma and orthopedic surgery show a high biocompatibility and a
removal of the implants after healing is mostly not planned and indicated. Therefore, a performed
hardware removal as well as a delayed healing could be a sign of healing dysfunction or adverse events.

Device related adverse events were seen in only 16 cases. 123 patients showed no signs of adverse
events (Figure 4C). For one patient the information about adverse events was missing. The different
types of adverse events and the number of cases in this study are listed in Table 3. 

From the 140 patients included in the study for 32 patients a delayed healing was documented, but 108
of the patients (77.1 %) showed no signs of a delayed healing (Figure 4A). Independent of the reason, a
hardware removal was performed for 47 patients (33.6 %), whereas the implants remained with the
patients in 91 cases (Figure 4B) and the information about implant removal was not available in two
cases. 

A medical indication for the hardware removal was documented in twelve of the 47 cases of performed
hardware removal. The device related adverse events for the Profyle Hand Standard Plating were
evaluated (Table 3).

Table 3: Observed adverse events are listed and the number of cases for each adverse event

(total number of cases with adverse events = 16)
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adverse event number of cases

nail growth error 3

plate dislocation 3

wound infection 2

non-union 2

broken plate 1

itching 1

bad joint mobility 1

not specified 3

 

Discussion
The aim of this retrospective study was to demonstrate the performance and safety of the Stryker Hand
Plating System. This study differs from many publications that either compare different osteosynthesis
procedures or focus on �nger function 9 10. All patients of our clinic which underwent reconstruction of
�nger fractures with plate and with complete documentation were included. 

The mean age of the patient population was 39 years. Compared with the collectives in the literature, the
patients in our study are older, which may be country speci�c. In comparison, the patients in the study by
Egloff et al. were around 35 years old 11. Pandey et al. report an average of 29 years in their Italian study,
and Ahmed et al. have an average age in Pakistan of around 25 years 12 13. An exception is the
epidemiological study by Voth on hand injuries in children 14. 

75% of the patients requiring surgery in our collective were men. This is consistent with the patient
collectives of Fusetti et al. 15. 

In terms of medical history, age-adjusted data on tobacco use and concomitant diseases such as
diabetes mellitus, osteoporosis, e.g., correlate with the overall population of the country. In terms of
surgical procedures and also potential complications, concomitant diseases seem to play only a minor
role in literature. The study group is too small for statistical conclusions about which comorbidities favor
complications. 

In this study falls were the most common mechanism of injury leading to �nger fractures. The dominant
hand was involved in 2/3. As a national trauma center for occupational injuries, the proportion of
occupational fractures and crush injuries at the hand was increased compared with the literature. Chung
et al. identi�ed falls as the main reason of a �nger fracture in over 47%, and Voth et al. identi�ed sports
accidents in nearly ¼ of under-18-year-olds 14 16. No major differences were seen in the location of the
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fracture acc. to literature. More than half of the surgically treated fractures are located in the shaft region,
followed by fractures of the base. Fractures of the heads account for less than 10% of fractures at
metacarpals and phalanges.   

The use of plate systems for joint fusion or corrective osteotomies is reserved for individual cases after
particularly strict indication. This is also consistent with reports in the literature 17. The low proportion of
angle-stable restorations in the collective is due to a late introduction of these systems in the hand. In
literature, improved early functional exercise is cited as an advantage of angle-stable plates 18 19. 

The primary indication for surgical treatment of a metacarpal and phalanx fractures with a plate are
dislocated, unstable fractures with rotational deformity and axial deviation 2. Contrary to other authors,
we do not consider the treatment of an open injury with plate osteosynthesis to be mandatory. When
Haughton et al. says that "a fracture is best described as a soft tissue injury with an associated bony
injury" 6. Patient satisfaction with surgical treatment depends on good tendon function 20 21.
Osteosynthesis should take this into account and not additionally compromise the soft tissues by
inserting (avoidable) plates 6 22. 

The consolidation time averaged 108.7 days with the fastest consolidation after only 35 days and the
longest time period of 1200 days. In 85 % of the fractures, consolidation was con�rmed radiologically as
well as clinically (119/140). In the literature, consolidation has been reported from 87% to 97% 12 13 23.

Three patients showed neither radiologically nor clinically con�rmed consolidation at 35 and 43 days,
respectively. One patient developed a wound infection.

Revisions/adverse events

Complications must be distinguished between delayed bone healing, functional impairment, and severe
complications such as deep infections. If the literature data on pseudarthrosis vary from 30-36%, the
limitations of �nger function are only about 10%. Limits of function are most severe for patients 24. Deep
infections are rare at around 1% despite the often di�cult soft-tissue situation on the �ngers 25-27. A
similar distribution is also re�ected in our patient collective with 11.4%.

84.3 % of this study’s patients were able to bear weight at consolidation (radiologically and/or clinically
determined) and 77.9 % patients were pain free at consolidation. Only 22 patients were not able to bear
weight at consolidation and in 31 cases the aim of being pain free was not reached (Figure 3C-D). A
delayed healing was documented in 22.9 % of the cases. Chen et al. reported similarly poor results 28.
This highlights a problem with the general treatment of complex �nger fractures. Plates have the highest
stability, compared with wires, but imply greater soft tissue irritation from surgery 29-31. More stable
injuries often heal with minimal functional de�cit. Since to date the undoubted superiority of a �tting has
not been proven, it remains the individualized treatment decision of the surgeon 32.
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Conclusion
The Stryker Finger Plates are safe implants with good results that are consistent with those reported in
the literature. The trend is also toward stable-angle implants for fracture treatment of the �nger, in order
to enable the earliest possible functional, safe mobilization.
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Figure 1

Falling was the leading cause for hand fractures and commonest were fractures of the shaft (metacarpal
and �nger). 13.5 % of the hand fractures were caused by road accidents, 36.4 % were the results of falls,
20.7 % were caused by crushes and 29.3 % of the hand fractures had other reasons (A). The right hand
was the major (61.4 %) side of injury (B). More than half of the fractures (52.1 %) were classi�ed as
fractures of the shaft and fractures of the base (36.4 %) were more common than fractures of the head
(7.9 %) and 3.6 % of the fractures were not applicable (C). Complex hand injuries were identi�ed in only
15.7 % of the cases (D). All values are shown as percentage of 140 evaluated cases.
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Figure 2

Non-locking plates were primarily used for surgical treatment of metacarpal and phalangeal fractures.
Metacarpal (58.6 %) and phalangeal (36.4 %) were the most frequent fractures of the hand (A). Joint
fusion was only represented with 2.9 % and internal �xation of small bones in the hand, as well as
replantation and corrective osteotomy each, were performed in only 0.7 % of the cases. VariAx Hand
Locking Plates were used in only 2.9 % of the evaluated cases (B). All values are shown as percentage of
140 valid cases.
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Figure 3

Primary endpoint of this study was de�ned as healing / performance of the implants. Consolidation was
radiographically (A) and clinically (B) con�rmed in 86.4 % and 96.4 % of all cases. 84.3 % of patients
were able to bear weight at consolidation (C) and 77.9 % of all patients were pain free (D). All values are
shown as percentage of 140 evaluated cases.


