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Clinical study on repair of metacarpal bone defects using
titanium alloy implantation and autologous bone grafting
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Abstract. Due to various limitations in the use of autolo-
gous bone and allogeneic bone in the repair of bone defects,
the use of synthetic bone graft substitute has become a hot
topic in orthopedic surgery and repair medicine. A total
of 53 patients treated for trauma-induced metacarpal bone
defects were recruited. These patients were divided into
the TiAlyV, titanium alloy implantation group (group A)
and the autologous bone graft group (group B). The symp-
toms of patients in the two groups were closely observed
and followed up. The operation time, time to bone fusion,
post-surgical pain [visual analog scale (VAS) scores],
hand function recovery [total active flexion scale (TAFS)
scores] and complications were compared between the two
groups. Following surgery, none of the patients had necrosis
of fingers or bone non-union. The recovery was rated as
excellent and good in up to 91.6% of patients, indicating
high clinical efficacy. Compared with the use of autologous
bone grafting as the gold standard (group B), there was no
significant difference in the excellent and good recovery rate
based on TAFS scores at 16 weeks after surgery (91.7 vs.
89.7%, P>0.05), and there was also no significant difference
in the incidence of post-operative complications (33.3 vs.
41.3%, P>0.05). The operation time (82.08+6.64 min), time
to bone fusion (7.75+£1.73 weeks) and VAS scores at 3 days
after surgery were all significantly lower in group A than in
group B (P<0.05). The values of group B were 104.69+8.63
min, 9.17+2.78 weeks and [5(5, 6)], respectively. However, the
hospitalization cost (22,657.8+1,595.4¥) was significantly
higher than that in group B (14,808.2+2,291.3¥; P<0.05). In
conclusion, the use of titanium alloy implantation may avoid
new injury to the donor site, reduce the operation time and
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post-operative pain and accelerate bone fusion. Therefore,
this method is worthy of popularization for defective bone
reconstruction and recovery in the clinic.

Introduction

An increasing number of cases of phalangeal defects caused
by surgical defects, palm defects or trauma, congenital factors,
malignant tumors and inflammation are encountered in the
clinic (1-3). The unique anatomical structure of fingertips
enables humans to feel sensation and to perform fine processing
and grasping functions (4,5). Therefore, reconstruction and
restoration of metacarpal bone defects not only requires repair
of the wound surface but also to restore good fingertip sensa-
tion. Finger length and aesthetic appearance also require to be
maintained (6,7). Repair of metacarpal defects has long been a
difficult challenge in plastic surgery (8).

Several methods may be used to treat bone defects,
including surgical treatment using autogenous, heterogeneous
and synthetic bone graft substitutes (9-11); furthermore,
gene therapy (12) and growth factory therapy (13,14) may
be employed to accelerate bone growth and fusion. At
present, orthopaedic surgery using bone transplantation
remains the most commonly used method for repairing bone
defects (15,16). Autogenous bone transplantation is considered
the gold standard of bone transplantation (17), although it
has the disadvantages of limited bone, potential risk of drug
delivery sites and long-term hospitalization time (18,19).
Allogeneic bone transplantation is usually associated with
immune response and risk of disease transmission (20). Bone
grafts and substitutes are the most promising materials for
bone defect repair and bone implantation and they are also the
focus of relevant research (21,22).

It has been indicated that titanium alloys have the
advantages of light weight, good ductility, corrosion resis-
tance and high bone integration. Titanium alloys are now
widely used in orthopaedic and dental bone transplanta-
tion (23,24). The present study was a retrospective cohort
study of autogenous bone transplantation for the repair of
metacarpal defects. Its aim was to explore the safety and
clinical effect of titanium alloy implantation in repairing
metacarpal bone defect in order to improve the clinical
efficacy of bone transplantation.
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Subjects and methods

Baseline information. A total of 64 cases of open metacarpal
bone defect treated with autologous bone graft or titanium alloy
implantation at The Third Hospital of Hebei Medical University
(Shijiazhuang, China) between June 2014 and December 2017
were included in the present study. The inclusion criteria were
as follows: Open metacarpal bone defects within 3 weeks and
one-stage debridement and vacuum sealing drainage with a
fresh wound surface. The exclusion criteria were as follows:
1) Age <18 years; ii) proper digital artery defects; iii) proper
digital nerve defects; iv) combined with severe cardiovascular
and cerebrovascular, kidney, liver and hematopoietic diseases
and endocrine system diseases, or mental illnesses; v) severe
brain injury and closed combined thoracoabdominal injuries.
Doctors and patients worked together to formulate the surgical
plan. Considerations included pain tolerance of the patient,
surgical tolerance of the patient, the economic situation of the
family of the patient and the patient's willingness to undergo
surgery. Patients with pain, low tolerance to surgery and better
economic conditions were recommended to opt for new mate-
rials used in the surgery. During the study, 5 cases dropped
out and 8 cases were lost to follow-up. Hence, 53 patients were
finally recruited. There were 24 cases in the titanium alloy
implantation group (group A) and 29 cases in the autologous
bone grafting group (group B). Among these 53 cases, there
were 41 males and 12 females aged 21-56 years with an average
of 36.54+9.56 years. A total of 31 cases had phalangeal bone
defects and 22 cases had metacarpal bone defects.

Surgical procedures. The implant in group A received titanium
alloy implants (Chinese patent no. 201620201366.X). The
surgical procedure was as follows: Brachial plexus blockage
was performed. An incision of appropriate length was made
on the dorsal side of the phalange for phalangeal defects or
on the dorsum of hands for metacarpal bone defects (Fig. 1A).
The extensor tendon was tracted to expose the fractured bone
and bone defects (Fig. 1B). Contaminated and non-vital tissues
were removed within the surgical field. The surrounding
hardened edge was removed with bone nibbling forceps. The
edges of the fractured end were ground flat with a bonesaw
and flushed with normal saline-hydrogen peroxide. The wound
was soaked in benzalkonium chloride for 10 min. The medul-
lary cavity of phalange (or metacarpal bone) was dilated to
accommodate the proximal shaft of the prosthesis. Next, the
reamer was inserted to dilate the medullary cavity to accom-
modate the distal shaft of the prosthesis (Fig. 1C). After trial
insertion of the prosthesis and determination of the proper
size, the prosthesis to be installed was taken out and bone
cement was applied to it (Fig. 1D). The proximal prosthesis
was first inserted, then the distal prosthesis. The prosthesis
was reduced, waiting for the hardening of the bone cement
10 min later (Fig. 1E). Finally, after X-ray film acceptance, the
extensor tendon was realigned and the incision was sutured
layer by layer using non-invasive thread (Fig. 1F).

Patients in group B received brachial plexus blockage. For
the harvesting of the iliac bone, epidural anesthesia or local
anesthesia was given. An appropriate length incision was taken
from the dorsal side of the phalanx, and an appropriate length
incision a was taken from the dorsal side of the metacarpus

(Fig. 2A). The tendon was stretched to expose the broken bone
and bone defect site (Fig. 2B), and the contaminated and lifeless
tissue in the operation field was removed. The sclerotic edge
around the broken end was removed using bone biting forceps,
and the edge of the broken end was polished and leveled with a
bone saw, washed with normal saline hydrogen peroxide, and
soaked with benzalkonium chloride for 10 min. Then, the
pulp cavity of phalanx (or metacarpal bone) was expanded to
accommodate the proximal stem of prosthesis, and then the
reamer was inserted to enlarge the medullary cavity to accom-
modate the distal stem of prosthesis (Fig. 2C). The bone needed
for bone grafting is typically autologous iliac bone (Fig. 2D). In
cases with relatively few bone defects, distal radius can also be
selected. When the iliac bone is removed, the bone block should
be slightly longer than the defect area by 0.5-1 cm, so that the
two ends of the bone block are cut into small wedges and
embedded into the marrow cavity at the fracture end. If there
is only one broken end (such as end segment defect), one end is
cut into a wedge shape and inserted into the medullary cavity
near the fracture end, which not only increases the contact area
but also increases the stability (Fig. 2E). The periosteum of the
donor site was repaired after removal of the bone. According to
the specific situation, steel plate, screw or Kirschner wire were
selected for fixation, and then X-ray film was taken to accept
(Fig. 2F). In order to reduce the tension of the skin suture, cross
or parallel Kirschner wires were used to fix the defects of the
middle and distal segments of the fingers. Finally, the incision
was sutured layer by layer with non-invasive suture.

Post-operative treatment. Patients in the two groups received
routine antibiotics treatment for 5-7 days and detumescence
with mannitol for 3-5 days. The affected limb was elevated
to facilitate detumescence. The patients received frontal and
oblique X-rays of the affected hand at 1 day after surgery to
assess bone length after filling in the bone defect and the posi-
tion of the implant or bone graft. The patients wore a plaster
caster support for 4-6 weeks. The patients began active and
passive functional exercise at 1 month after surgery under
guidance. Group A began partial weight-bearing exercise at
1 month after surgery and group B began partial weight-bearing
exercise at 3 months after surgery according to the extent of
bone fusion and complete weight-bearing exercise after the
bone fracture completely healed.

Observation indicators. i) Post-operative pain intensity: Pain
was assessed by using the visual analog pain scale (VAS) (25) at
day 3 and day 7 after surgery, respectively, on which 10 points
represented the maximal pain. ii) Operation time: The opera-
tion time was the time span from the start of surgery to the
completion of incision suturing. iii) Time to bone fusion: The
patients were re-examined by X-rays at week 4, 8, 10, 12 and
16 after surgery to assess bone fusion. iv) Functional recovery
of the hand: Functional recovery of the hand was assessed
using the total active flexion scale (TAFS) developed by the
American Society for Surgery of the Hand (26). According to
the scoring criteria of TAFS, ‘Excellent’ recovery was defined
as flexion of the metacarpophalangeal joint and interphalan-
geal joint by >220°, ‘good’ as 180-220° and ‘poor’ as <180°.
v) Surgical complications: Infection of incision site, necrosis
of the fingertip, malunion and adhesion were recorded.
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Figure 1. The implant in group A was titanium alloy implants. (A-C) Drawings illustrating the initial steps of the surgical procedure. (A) Defect of the third
metacarpal bone with the skin incision indicated by a dotted line. (B) Incision of skin and subcutaneous tissue to expose fracture ends. (C) Treatment of
fracture ends and medullary cavity. (D) Self-designed bone defect prosthesis. (E) Drawing illustrating the fixation of the prosthesis to the metacarpal defect
with bone cement. (F) Repair of metacarpal bone defect with self-made prosthesis and bone cement.

w
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Figure 2. Patients in group B received brachial plexus blockage. (A-E) Drawings illustrating the steps of the surgical procedure. (A) Defect of the third meta-
carpal bone with the skin incision indicated by a dotted line. (B) Incision of skin and subcutaneous tissue to expose fracture ends. (C) Treatment of fracture
ends and medullary cavity. (D) Bone was taken from the ilium wing and trimmed to a suitable size and shape. (E) The pruned iliac bone was implanted into the
defect of the metacarpal bone and fixed with plate and screw. (F) Repositioning and internal fixation of the fourth and fifth metacarpal bones of the right hand.
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Table I. Comparison of baseline information between the two groups.

Item Group A (n=24) Group B (n=29) ¥/t statistic P-value
Gender 0.082 0.775
Male 19 (79.1) 22 (75.9)
Female 5(20.8) 7(24.1)
Cause of injury 0.592 0.744
Crush injury 6 (25.0) 9(31.0)
Cut injury 8 (33.3) 7(24.1)
Motor vehicle collision 10 (41.7) 13 (44.9)
Site of injury 0.290 0.590
Phalange 15 (62.5) 16 (55.2)
Metacarpal bone 9(37.5) 13 (44.8)
Age (years) 37.58+8.47 35.69+10.43 0.715 0478
Defect area (mm?) 267.3+£85.9 243.8+94.7 0.946 0.344

Values are expressed as n (%) or the mean + standard deviation. Groups: A (titanium implant), patients received titanium alloy implants;
B (autologous bone grafting), patients received brachial plexus blockage.

Statistical analysis. SPSS 20.0 (IBM Corp.) was used for
statistical analysis. Enumeration data were expressed as the
n (%) and the difference was compared by using the ¥* test.
Continuous variables with a normal distribution (assessed
using the Kolmogorov-Smirnov test) of data were expressed as
the mean + standard deviation and differences were compared
by using the t-test, while the median and inter-quartile range
(P25, P75) were used to represent the continuous variables
with a non-normal distribution, and the Kruskal-Wallis test
was used to compare the differences. a=0.05, P<0.05 was
considered to indicate a statistically significant difference.

Results

Baseline information of the two groups. Group A comprised
24 cases, including 19 males (79.1%) and 5 females
(20.8%), who were aged 21-55 years with an average age of
37.58+8.47 years. The average size of the area defect was
267.3+£85.9 mm?. The causes of bone defects were crush
injury in 6 cases (25.0%), cut injury in 8 cases (33.3%) and
motor vehicle collisions in 10 cases (41.7%). There were
15 cases (62.5%) with phalangeal defects and 9 cases (37.5%)
with metacarpal bone defects. Group B comprised 29 cases,
including 22 males (75.9%) and 7 females (24.1%), who were
aged 21-56 years with an average age of 35.69+10.43 years.
The average size of the area defect was 243.8+94.7 mm?. The
causes of bone defects were crush injury in 9 cases (31.0%),
cut injury in 8 cases (24.1%) and motor vehicle collisions in
13 cases (44.9%). There were 16 cases (55.2%) with phalangeal
defects and 13 cases (44.8%) with metacarpal bone defects.
The two groups were comparable regarding their baseline
information without any significant differences (P>0.05,
Table I).

Post-operative pain in the two groups. The VAS scores in the
two groups at day 3 and day 7 after surgery are shown in Fig. 3.
At day 3, the VAS score of group A [54, 6)] was significantly
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* alloy implantation)
54 E Group B (autologous

6.00 R bone grafting

» o Abnormal value
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Figure 3. Comparison of VAS scores between the two groups at day 3 and
day 7 after surgery. The circles indicate abnormal outlier values. Values are
expressed as median and interquartile range. "P<0.05 vs. Group B. Z=-0.014.
Groups: A (titanium implant), patients received titanium alloy implants
(n=24); B (autologous bone grafting), patients received brachial plexus
blockage (n=29). VAS, visual analog scale.

lower than that of group B [5(5, 6)] (Z=-0.041, P<0.05). At
day 7, there was no significant difference in the VAS scores
between the two groups (P>0.05; Table II). Patients in both
groups with a higher pain score and lower pain tolerance were
given pethidine as an analgesic aid within 24 h.

Comparison of surgery and hospitalization costs between the
two groups. All 53 cases included were fully prepared prior to
surgery and all of the surgeries were successful. There were
no interoperative or anesthetic complications. The average
operation time was 82.08+6.64 min in group A, which was
significantly shorter than that in group B (104.69+8.63 min,
t=-10.504, P<0.001; Fig. 4). In all patients, radiographs indi-
cated satisfactory bone fusion. The average time to bone
fusion was 7.75+1.73 weeks in group A, which was signifi-
cantly shorter than that in group B (9.17+2.78 weeks; t=-2.182,
P<0.05; Fig. 5). The average medical cost in group A was
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Table II. Comparison of VAS scores between the two groups at day 3 and day 7 after surgery.

Day after surgery Group A (n=24) Group B (n=29) t statistic P-value
3 4.75+1.32 5.51+1.58 -2.132 0.025
7 2.75+1.07 2.89+1.47 -0.406 0.686
Groups: A (titanium implant), patients received titanium alloy implants; B (autologous bone grafting), patients received brachial plexus
blockage.
t=—10.504 30000 7 t=—14.169
p<0.001 , p<0.001
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Figure 4. Comparison of operation time between the two groups. "P<0.001,
t=-10.504. Groups: A (titanium implant), patients received titanium alloy
implants (n=24); B (autologous bone grafting), patients received brachial
plexus blockage (n=29).
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Figure 5. Comparison of time to bone fusion between the two groups.
"P=0.034, t=-2.182. Groups: A (titanium implant), patients received tita-
nium alloy implants (n=24); B (autologous bone grafting), patients received
brachial plexus blockage (n=29).

(22657.8+1595.4 ¥), which was significantly higher than that
in group B (14808.2+2291.3 ¥, t=144.169, P<0.05; Fig. 6).

Comparisonof TAFS scores betweenthe two groups.Functional
recovery of the hand was assessed by TAFS scoring 14 weeks
postoperatively. As presented in Table III, group A comprised
15 cases (62.5%) with excellent TAFS scores, 7 cases (29.2%)
with good TAFS scores and 2 cases (8.3%) with poor TAFS
scores. The overall excellent and good recovery rate was
91.7%. In group B, there were 165 cases (55.2%) with excellent
TAFS scores, 10 cases (34.5%) with good TAFS scores and 3
cases (10.3%) with poor TAFS scores. The overall excellent

Figure 6. Comparison of hospitalization costs between the two groups.
“P<0.001, t=-14.169. Groups: A (titanium implant), patients received tita-
nium alloy implants (n=24); B (autologous bone grafting), patients received
brachial plexus blockage (n=29).

and good recovery rate was 89.7%. The y* test was used for
comparison of excellent and good recovery rates between the
two groups, and x*=0.062 and P>0.05 was obtained, indicating
no significant difference (Table III).

Comparison of post-operative complications between
the two groups. The major post-operative complications
for patients with metacarpal bone defects included skin
reddening and swelling, infection of the incision site,
malfusion and loosening of internal fixation. For group A,
the overall incidence of post-operative complications was
33.3%, and that of group B was 41.3%. The y? test provided
%*=0.362 and P>0.05, indicating no significant difference
(Table IV). All post-operative complications were treated
symptomatically.

Discussion

With the rapid development of economy, transportation and
construction industry, the number of patients with hand
trauma is exhibiting yearly increases (27,28). Studies indicate
that hand injuries account for 25-30% of the total cases of trau-
matic surgery (29-31). Hand injuries are usually accompanied
by bone and joint injuries. Maximization of the efficiency of
the repair of bone and joint defects has been a major clinical
challenge. Autografts, allografts and synthetic bone graft
substitutes have been indicated to be effective in repairing
bone defects (32). In the present study, autologous bone grafts
(n=29) and titanium alloy implants (n=24) were respectively
used to treat metacarpal bone defects in 53 patients who
achieved good bone fusion, as well as hand appearance and
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Table III. Comparison of rating based on TAFS scores between the two groups 14 weeks post-operatively.

Rating
Group Excellent Good Poor Excellent and good y? statistic P-value
A (n=24) 15 (62.5) 7(292) 2 (8.3) 22 (91.7) 0.062 0.803
B (n=29) 16 (55.2) 10 (34.5) 3(10.3) 26 (89.7)

Values are expressed as n (%). Groups: A (titanium implant), patients received titanium alloy implants; B (autologous bone grafting), patients

received brachial plexus blockage. TAFS, total active flexion scale.

Table I'V. Comparison of post-operative complications between the two groups.

Complications
Skin reddening Incision Loosening of
Group and swelling infection Malfusion internal fixation Incidence ¥’ statistic P-value
A (n=24) 3(125) 2 (8.3) 1(4.2) 2(8.3) 8(33.3) 0.362 0.547
B (n=29) 4 (13.8) 3(10.3) 2(6.9) 3(10.3) 2(41.3)

Values are expressed as n (%). Groups: A (titanium implant), patients received titanium alloy implants; B (autologous bone grafting), patients

received brachial plexus blockage.

functional recovery. The excellent and good recovery rate
reached up to 91.6%.

Due to their osteoconductivity, osteoinductivity and
osteogenesis, autogenous bone grafts are able to integrate into
the host bone more rapidly and completely compared with
synthetic bone substitutes. Autogenous bone grafts are gener-
ally considered the gold standard for repairing bone defects
and are also the benchmark for evaluating other bone grafts
and bone substitutes (15). However, it is not always possible to
use autologous bone grafts for bone defect repair (32). Apart
from the intrinsic limitations of this procedure (restricted
bone resources, longer operation time, pain and infection of
the donor site), population ageing and prevalence of diabetes
also bring a great challenge to autologous bone grafting. In a
word, autologous bone grafting cannot satisfy clinical require-
ments (33). Bone transplantation is gradually changing from
natural grafts to synthetic bone substitutes and biological
factors. Hung er al (34) performed a 13-year follow-up of
24 patients receiving surgery for osteosarcoma of the hand.
The results indicated that synthetic bone graft substitute was a
safe and effective option for the treatment of hand chondroma,
with good functional and radiological effects and a low
complication rate (34).

In the present study, a retrospective cohort study of patients
undergoing autogenous bone transplantation and titanium alloy
implantation to repair metacarpal defects was performed, and
the safety and clinical outcomes of the two types of surgery were
compared. The titanium alloy implants used are made of TiAl;V,.
Customized joint prostheses are usually manufactured by rapid
prototyping and alloy casting techniques. Porous titanium and
titanium alloys have been indicated to have excellent mechanical
properties, enabling them to be used as permanent orthopedic

implants under load-bearing conditions (35). Titanium alloy
implants for repairing metacarpal defects have a similar elastic
modulus, high tissue compatibility and the same anatomical
structure as real metacarpophalangeal joints. Therefore, it is an
ideal option for individualized repair and prosthesis replace-
ment for traumatic hand bone defects (36). The present results
suggested that, compared with autologous bone grafting as
the gold standard, the excellent and good recovery rate of the
titanium alloy implantation group at 16 weeks was comparable
(91.7% vs. 89.7%, P>0.05). There was also no significant differ-
ence in the incidence of post-operative complications (33.3%
vs. 41.3%, P>0.05). Patients with post-operative complications
received symptomatic treatment and the symptoms were soon
relieved without causing any adverse impact on treatment and
recovery. The present study indicated that the two procedures
were comparable in terms of post-operative functional recovery
and incidence of complications.

Furthermore, the titanium alloy implant is superior to
autologous bone grafting in the following four aspects:
i) Avoidance of new defects and complications of the donor
site, which is of high importance for elderly and feeble
patients, as well as those with poor immunity (37); ii) the
operation time was shortened and there was a significant
difference in the operation time between the groups A and B
(82.08+6.64 min vs. 104.69+8.63 min, P<0.05); iii) the time
to bone fusion was shortened and the two groups exhibited
a significant difference (7.75+1.73 weeks vs. 9.17+2.78 weeks,
P<0.05); iv) the pain was relieved and there was a significant
difference in VAS scores at day 3 after surgery between the
two groups (4.75+1.32 vs. 5.51+1.58, P<0.05).

The hospitalization costs of the two groups were compared,
indicating that the costs in the group receiving titanium alloy
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implantation to treat metacarpophalangeal bone defect were
significantly higher than those in the autogenous bone trans-
plantation group and the difference was statistically significant.
This points at the requirement to constantly improve the
proficiency and quality of surgery in future clinical practice,
shorten the hospitalization time of patients and avoid compli-
cations, so as to reduce hospitalization costs of patients, and
better promote and popularize this technology.

To conclude, titanium alloy implantation and autologous
bone grafting may achieve similar clinical effects for the
repair of metacarpal bone defects and cause few complica-
tions. The two procedures are reliable methods for the
repair of metacarpal bone defects. However, the present
study has the following limitations: The sample size was
small, as this method was only introduced recently and no
long-term follow-up was performed. Thus, a retrospective,
non-randomized controlled study was performed. It appears
that titanium alloy implantation is a good option, as it shortens
the operation time and time to bone fusion, relieves the pain,
avoids injury to the donor site and improves the appearance
and functions of the hand. This procedure is therefore worthy
of wider application. As the biological implants and surgical
technique are improved and upgraded, this procedure will
have a broader application scope in the future.
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