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Introduction
It is difficult to achieve satisfactory functional out-
comes in the treatment of unstable fractures of the 
base of the middle phalanx. There is no universally 
accepted treatment, particularly when the fractures 
are unstable. The fracture is considered to be unsta-
ble if more than 42% of the base of the middle pha-
lanx is fractured. At least 30% flexion of the proximal 
interphalangeal (PIP) joint is required to provide a 
stable reduction in this situation (Kiefhaber and 
Stern, 1998). Instability is visible on lateral radio-
graphs as loss of parallelism in the articular sur-
faces, with appearance of the ‘V’ sign (Figure 1).

Treatment options include distraction by an exter-
nal fixator, palmar plate arthroplasty, or open or 
closed internal fixation (Liodaki et al., 2015). These 
treatments are known to lead to joint stiffness, pain 
and recurrent subluxation. The goal of surgery is to 
restore joint congruency and stability through secure 
fixation as this allows for early rehabilitation, but 

internal fixation of the fracture is not always possible. 
Arthroplasty by hamate transfer is an attractive alter-
native because it restores a stable articular surface. 
The configuration of the hamate (dimensions, central 
ridge and bicondylar facets) is similar to the base of 
the middle phalanx. In addition, harvesting the cen-
tral articular portion of the hamate does not result in 
carpometacarpal instability.

The primary aim of this study was to assess the 
clinical and radiological results of a series of 19 
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patients with acute or chronic unstable fractures of 
the base of the middle phalanx who were treated by 
hamate osteochondral autograft reconstruction. We 
also describe technical features that can facilitate 
the procedure.

Patients and methods
This was a retrospective study of patients with an 
unstable intra-articular fracture of the base of the 
middle phalanx who were treated by arthroplasty of 
the base of the middle phalanx with a hamate auto-
graft. The study involved 21 patients treated between 
September 2006 and May 2012 by four different sur-
geons at two healthcare facilities. The patients had an 
isolated fracture at the base of the middle phalanx that 
involved more than 40% of the articular surface in one 
of their fingers (Schenk Grade IV fracture (Schenck, 
1994)). The injuries were divided into two groups, 
depending on the time elapsed before the surgical 
treatment: acute if less than 6 weeks and chronic if 
more than 6 weeks. Patients with an open fracture or 
with associated nerve, tendon or vascular injuries 
were excluded. One patient who had an open fracture 
with arterial and nerve damage, and one patient who 
had recurrence of active Type I complex regional pain 
syndrome at the time of the review were excluded. 
This left 19 patients (two women, 17 men) available for 
review; among them, ten manual workers. There were 
ten chronic cases and nine acute ones. The mean age 
was 39 years (range 18–58). The mean follow-up after 
surgery was 24 months (range 5–73).

Surgical technique
We use the technique described by Williams et al. 
(2003). A palmar approach through a Bruner, hemi-
Bruner or quadrangular incision is made. The flexor 
tendon sheath is opened between the A2 and A4 pul-
leys, preserving a lateral hinge. The flexor tendons 
are reflected to expose the palmar plate, which is 
then divided distally and laterally (Figure 2(a)–(c)). 

The finger is hyperextended (‘shotgunned’) with the 
lateral ligaments detached proximally as needed. 
The base of the middle phalanx and the head of the 
proximal phalanx are completely exposed. After exci-
sion of bone fragments that cannot be fixed, the size 
of the defect is measured to determine the size of 
hamate graft needed (Figure 2(d)). Acceptable carti-
lage is separated from damaged cartilage using a 15 
blade. Excision is completed with an osteotome and a 
rongeur.

A longitudinal or dorsal transverse incision is 
made over the carpometacarpal joint between the 
hamate and the bases of the little and ring finger 
metacarpal bones. A hamate graft of the required 
size is harvested with a sharp osteotome between 2 
to 5 mm in width or a scalpel; the proximal and dorsal 
cortex of the hamate is resected to make the frontal 
cut of the palmar part of the joint easier.

The graft is placed in the defect, pinned temporar-
ily and then stabilized with one to three 1.2 mm bicor-
tical screws to reconstruct the concave anteroposterior 
surface (Figure 3). A 0.8 mm Kirschner (K)-wire used 
as a joystick to hold the graft is helpful and can be 
used to first stabilize the graft in the best place. A sec-
ond 0.8 mm K-wire is used to temporarily fix the graft. 
One of the K-wires is removed and replaced by a 
1-mm K-wire or a drill. Finally, a 1.2 mm screw is 
used to hold the graft. The first K-wire defines the 
position of the screw. That is why it needs to be very 
precisely positioned, especially in the little finger with 
a very small fragment.

Post-operative rehabilitation is started immedi-
ately after surgery. A splint with an extension stop is 
used to allow finger flexion starting on Day 1. Active 
and passive mobilization of the joint is carried out in 
flexion and extension on post-operative Day 3. A 
splint holding the finger straight is used at night. 
Starting on Day 7, dynamic extension splints are used 
to prevent residual flexion deformity. Three weeks 
after the procedure, the patients are assessed clini-
cally and radiologically. The splints are removed if 
recovery is adequate, or altered if there is a PIP flex-
ion deformity. No activities requiring forceful move-
ment of the operated finger are allowed until the 
fourth month after surgery.

Assessment
All patients were reviewed by an independent exam-
iner (MB). Previous treatments carried out before 
the hamate autografting were recorded. The 0–10 
visual analogue scale (VAS) was used to determine 
the pain level in the operated joint and the donor 
site at rest and during exertion. The ranges of 
motion at the PIP and distal interphalangeal joints 

Figure 1. The V sign on a lateral radiograph.
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were measured with a goniometer. Deviation in  
the sagittal and coronal plane was determined. 
Grasping strength was evaluated with a Jamar hand 
dynamometer (Jamar, Sammons Preston, IL, USA) 
and compared with that of the contralateral hand. 
Instability in the frontal and sagittal planes was 
assessed. The QuickDASH score was calculated at 
the last review session. Early (less than 3 months 
after surgery) and late post-operative complica-
tions were noted.

At the review, anteroposterior and lateral radio-
graphs of the operated finger were taken. These images 

were used to assess articular surface congruency, graft 
incorporation, maintenance of reduction over time, any 
graft lysis and narrowing of the joint space.

Results
No patients were lost to follow-up. The details of the 
patients are summarized in Table 1 and the clinical 
results for the two groups are shown in Table 2.

The mean time between the injury event and 
reconstructive surgery was 84 days (range 5 days to 
1 year). Moderate mirror injuries on the head of the 
proximal phalanx were discovered intraoperatively in 
all patients. In one case, an osteochondral graft sta-
bilized by a screw was used for reconstruction of part 
of the proximal phalangeal condyle at the same time 
as grafting the middle phalanx. There were no early 
post-operative complications except recurrence of 
complex pain regional syndrome in one patient who 
was excluded. Secondary PIP joint tenoarthrolysis 
was carried out in two cases, at 7 and 9 months after 
operation. One of these was the patient in whom the 
mirror injury on the proximal phalanx had required 
reconstruction. There were no signs of secondary 
clinodactyly or instability in the frontal and sagittal 
planes during clinical testing at follow-up in any 

Figure 2. (a)–(c) The ‘shotgun’ exposure. (b) Assessing the size of hamate graft needed.

Figure 3. (a) Per-operative and (b) radiographic views after 
stabilization of the hemi-hamate graft.
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patients. All patients had resumed their work and 
personal activities. No pain was present at the graft 
collection site over the hamate.

Radiographs at the last follow-up revealed joint 
narrowing in four patients and partial graft lysis in 
one patient, without clinical consequences. There 
was no PIP subluxation and no osteolysis around the 
screws. The range of flexion achieved is shown in 
Figure 4.

Discussion
The severity of unstable fractures of the PIP joint is 
determined by the direction of the applied force and 
the position of the finger during the impact. When 
the forces are primarily transmitted to a hyperex-
tended finger, a fracture avulsion occurs. Large 

axial loads cause more significant comminution 
with crushing of the palmar plate between the head 
of the proximal phalanx and the base of the middle 
phalanx (Kiefhaber and Stern, 1998). The most 
common finding is an anterior fracture at the base 
with dorsal subluxation of the middle phalanx. 
These fractures are classified by their stability, 
which is directly determined by the amount of the 
base of the middle phalanx involved. Treatment of 
unstable fractures must re-establish the congru-
ency of the PIP joint and ensure joint stability 
(Glickel and Barron, 2000; Hastings and Carroll, 
1988; Krakauer and Stern, 1996; Wilson and 
Rowland, 1966). Reconstruction of the articular 
surface can be difficult to achieve in comminuted 
phalangeal fractures, hence the relevance of an 
osteochondral graft.

Arthroplasty of the PIP joint with a hamate graft 
has several advantages when used to treat unstable 
comminuted PIP fractures. However, this technique 
is not easy and several points should be noted. 
Subluxation of the little and ring carpometacarpal 
joints makes it easier to obtain the graft. Since the 
curvature of the hamate is greater than that of the 
middle phalanx, the hamate must be cut in an oblique 
and palmar direction so the graft can be tilted to 
restore the anterior lip of the middle phalanx 
(Hastings and Carroll, 1988) . The graft is very small. 
Oscillating saws should not be used during harvest-
ing, as they can lead to necrosis and eventually com-
plete graft collapse. We require the patient to wait 
4 months before active loads are placed on the joint, 
because a non-vascularized graft goes through a 
transient period of weakness during revasculariza-
tion. This must be taken into consideration to avoid 
complete graft collapse. Patients should also avoid 
smoking during the healing and integration phase of 
the graft.

When fracture fixation is impossible, the classic 
technique of treatment is by interposition arthroplasty, 

Table 1. Patient details (n = 19).

n

Mechanism of injury  
 Sports 13
 Motor vehicle accident 1
 Fight 2
 Fall 3
Dominant hand affected 15
Time to reconstruction  
 Acute (<6 weeks) 9
 Chronic (>6 weeks) 10
Injured digit  
 Index 1
 Long 7
 Ring 10
 Small 1
Other treatments before arthroplasty  
 None (overlooked) 1
 Splintage 4
 Wiring 3

Table 2. Clinical results.

Acute (n = 9) Chronic (n = 10) Total (n = 19)

Mean PIPJ arc of movement 69° 63° 66°
Mean flexion of PIPJ 86° 81° 83°
Fixed flexion of PIPJ 17° 18° 17°
DIPJ arc 39° 43° 41°
Grip (% of contralateral) 76% 87% 82%
QuickDASH score 7 14 11
VAS (motion) 1.2 1.1 1.1

DIPJ: distal interphalangeal joint; PIPJ: proximal interphalangeal joint; QuickDASH: Quick Disabilities of Arm Shoulder and Hand;  
VAS: visual analogue scale.
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which fills the bone defect by shifting the palmar plate 
distally into the defect. This has been described as a 
treatment for unstable fractures involving more than 
50% of the articular surface (Eaton and Malerich, 
1980). One of its limitations is that the joint is not 
stabilized sufficiently in the presence of extensive 
comminution (Deitch et al., 1999). Dionysian and 
Eaton (2000) reported very good results in 17 patients 
after 11.5 years of follow-up. From a biomechanical 
point of view, both Eaton’s technique and hamate 
grafting appear to prevent dorsal subluxation. 
However, it seems that Eaton’s technique leads to 
greater flexion deformity, especially when the bone 
defect is larger (Tyser et al., 2015). This makes 
hamate autografting a potential alternative to pal-
mar plate interposition.

The results of previous studies for osteochondral 
reconstruction with a hamate graft after PIP joint 
fracture-dislocation are listed in Table 3. The patients 
in the present study had a similar range of motion as 
those in the study of Afendras et al. (2010), but the 
pinch strength was slightly less. The range of motion 
was better in the study by Williams et al. (2003), but 
their follow-up was shorter. When the results of the 
current study and the study of Williams et al. (mean 
follow-ups of 26 and 16 months, respectively) are 
compared with the studies of Afendras et al. (2010) 

and Calfee and Sommerkamp (2009) (follow-ups of 
60 and 54 months, respectively), we can conclude that 
the range of motion becomes less, but the pinch 
strength improves as the follow-up becomes longer 
(Table 3).

Hamate grafting appears to lead to slightly better 
results when carried out in the acute phase, with a 
PIP range of motion of 69° (at a follow-up a 
21 months) than in the chronic phase when the PIP 
range of motion was 63° (at a follow-up of 31 months). 
This difference can be explained by the development 
of mirror lesions in chronic cases, especially if the 
joint was used actively during the period before the 
diagnosis was made. These results are consistent 
with those reported by Calfee and Sommerkamp 
(2009) and with a review of the literature (Frueh 
et al., 2015), but the differences were not statisti-
cally significant. This reduced range of motion did 
not appear to affect the patients’ quality of life, as 
they had all returned to their pre-injury work. The 
VAS pain scores in this study (1.1) were similar to 
those of the study of Afendras et al. (2010). There 
were no significant clinical consequences attribut-
able to the joint space narrowings found in four 
patients; these were evenly distributed between 
acute and chronic treatments. We found no recur-
rence of the dislocation.

By using a vascularized osteochondral graft, the 
graft is viable, bone necrosis and remodelling are 
eliminated and little to no osteoarthritis is expected. 
However, from our experience, there are few prob-
lems with the integration of non-vascularized grafts. 
Historical data on osteochondral grafting in other 
joints has shown good bone integration at the graft 
site (Matsusue et al., 1993; Maynou et al., 1998; 
Yamashita et al., 1985).

The two main limitations of the current study are 
the small number of patients and the involvement of 
four different surgeons.

The short-term results of hamate osteochondral 
grafts for PIP fracture-dislocation are encouraging. 
However, longer term assessments must be carried 
out to assess cartilage viability.

Figure 4. Mobility after hemi-hamate graft: full flexion and 
extension after a fracture dislocation of the proximal pha-
langeal joint of the long finger.

Table 3. Clinical outcomes in published studies of hemi-hamate osteochondral autografting of unstable PIP joint fractures.

Number 
of cases

Follow-up 
(months)

VAS PIPJ arc 
mobility

DASH Articular 
degeneration (%)

Grip strength

Williams et al. (2003) 13 16 1.3 85° NA NA 80%
Afendras et al. (2010) 8 60 1 67° 19 20 % 91%
Calfee and Sommerkamp (2009) 22 54 1.4 70°  5 43% 95%

DASH: Disabilities of Arm Shoulder and Hand; PIPJ: proximal interphalangeal joint; VAS: visual analogue scale.
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