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Background: Reconstruction of large segments of bone loss can be very difficult. The use of a pre-
stressed ingrowth implant can offer an attractive surgical option in these challenging cases.
Methods: This report describes the surgical technique in depth, combining the experience of the authors.
Nuances of the technique are emphasized.
Results: Although published reports are uncommon, long-term restoration of extremity function is pos-
sible with this technology.
Conclusions: The use of compressive osseointegration endoprostheses is not yet widespread in the upper
extremity, but this technology adds to the host of surgical options for managing massive bone loss and
difficult revision surgery.
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This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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The need to reconstruct the humerus after segmental bone loss
is, fortunately, relatively uncommon. It can present, however, from
such conditions as resection for an extremity neoplasm, traumatic
injury to the extremity, and as a sequelae of aseptic or septic loos-
ening of prosthetic implants. Options for management include use
of an allograft prosthetic composite, osteoarticular graft, and modular
or custom devices.3,4,18,21,22,24 A short remaining segment of native
bone presents additional challenges in satisfactory implant fixa-
tion in the near and far time frames. In such circumstances, a
prestressed ingrowth implant (Compress; Zimmer Biomet, Warsaw,
IN, USA) has been successfully used to reconstruct massive seg-
ments of bone loss in the lower extremity and more recently has
been described in the upper extremity.10,13,14 This report describes
the nuances of the use of such a device in the upper extremity.

Materials and methods

Indications

The indication for the use of this technology is the existence of
limited remaining bone stock. As noted, this could be from trau-
matic bone loss, resection of tumor, or after prior arthroplasty. If
the remaining bone from these conditions jeopardizes the secure
placement of a new implant, then a compressive osseointegration

implant offers an attractive option for reconstruction (Figs. 1 and
2). The technology is contraindicated if the remaining bone is too
short in length (generally <5 cm of remaining bone) or of such poor
quality that it cannot withstand the application of the compres-
sive load (residual cortex thinner than 2.5 mm). These devices are
also inappropriate in the presence of infection or an uncoopera-
tive patient.

Set up

The procedure is typically performed with a combination of
general anesthesia and a preoperatively administered interscalene
block to aid in postoperative analgesia. The patient is placed in the
beach chair position, with the head and trunk elevated approxi-
mately 45°. The patient’s head is secured in the neutral position to
minimize traction on the brachial plexus during the procedure. Pre-
serving the ability to extend the shoulder intraoperatively is critical
because this is necessary to instrument the humeral canal. Shoul-
der extension can be maintained by translating the patient’s trunk
laterally to the side of the operative table or by using a table break-
away attachment, as is our preference (Skytron Beach Chair, Grand
Rapids, MI, USA).

Exposure

Surgical exposure of the humerus revolves around 2 standard
approaches. A crucial concept in exposure is the need to
circumferentially control the remaining portion of the humeral shaft
for safe insertion of the locking pins. This length depends on
the spindle chosen. Our experience is with the short spindle
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necessitating approximately 5 cm of access; the standard spindle
is approximately twice that length. Subperiosteal exposure of the
bone for that length is not necessary but rather exposure and control
of any neurovascular structures to avoid injury during bicortical pin
insertion. For proximal humeral or long distal humeral resections,
an extended deltopectoral approach is used. This approach will com-

fortably expose the proximal two-thirds of the humeral shaft. Given
that this implant is designed for use in circumstances with short
to very short bone segments, further distal exposure is commonly
necessary.

In this circumstance, a second posterior approach is used, split-
ting the raphe between the long and lateral heads of the triceps.
Because both this incision and the anterior incision with the an-
terolateral approach are longitudinal and separated by a wide skin
bridge, both approaches can be safely used in the same procedure.
As the long and lateral heads are split, the radial nerve can and should
be identified in the spiral groove. Mobilization of the neurovascu-
lar bundle allows safe instrumentation of the humerus distally. After
the distal humeral segment is reamed and the anchor spindle applied,
the spindle-humeral shaft construct is passed forward to the an-
terior incision for completion of the implant assembly.

Humeral canal preparation

Identifying an area of the humeral shaft where the implant will
have circumferential or near circumferential bony support is es-
sential. The shaft should also be of sufficient thickness to support
the compressive loads across the implant. This is generally consid-
ered to be a minimum of 2.5 mm, although a long 13-hole anchor
plug is made for cortical thickness down to 1.0 mm. A small area
of circumferential bone loss or thinning can be accepted; however,
we will accept bone deficiency over no more than 10% of the shaft
circumference.

The humerus is then transversely cut at this level. The level of
the cut should also be made taking into consideration the implant
options for eventual reconstruction (Figs. 3 and 4). A spindle trial
can be used in conjunction with other implant trials to approxi-
mate the length of the final construct. The Compress system is
designed to link with the Comprehensive Segmental Revision System
(Zimmer Biomet), allowing creation of a proximal humeral replace-
ment or total elbow arthroplasty. Alternatively, custom adaptors can
be fashioned to couple with other endoprosthetic implants. If the
available implant options do not allow a satisfactory final prosthet-
ic length, then adjustment of the osteotomy level should be done
before placement of the anchor plug. Once the plug is secured with

Figure 1 (A) A 22-year-old man with stage IIB Ewing sarcoma of his humerus underwent radical resection. Because of the limited remaining bone stock, an intercalary
prosthesis with Compress (Zimmer Biomet, Warsaw, IN, USA) was implanted. (B) Postoperative radiographs at 41 months reveal a stable reconstruction.

Figure 2 (A) A 73–year-old woman had an infected periprosthetic fracture non-
union with a loose humeral component of her reverse shoulder arthroplasty. (B) This
led to a 2-stage revision arthroplasty. At 36 months she remained infection and pain
free.
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the transverse pins, further adjustment in length is extremely dif-
ficult. In addition, it is useful to mark the rotation of the shaft
anteriorly before spindle application.

If, as is often the case, this system is being used in a revision joint
arthroplasty setting, any remaining cement along the bone surface
should be removed to ensure bony apposition with the ingrowth

surface. Conversely, cement further down the canal does not need
to be removed as long as the cement does not misalign the new
implant or interfere with placement of the anchor plug. This marks
an important benefit of the system, because removal of the entire
cement mantle for placement of a stemmed endoprosthesis can be
timely and carries with it the additional risk of canal perforation
or fracture of the remaining bone stock.

Initial reaming of the humeral canal is performed with the Triple
Reamer (Zimmer Biomet, Warsaw, IN, USA) (Fig. 5). This device will
ream the canal for placement of the 45-mm or 90-mm anchor plug,
determine the diameter of the centering plug at the canal opening,
and provide final contouring of the osteotomy site. Reaming is se-
quentially done just until cortical contact is achieved; more
aggressive reaming is dangerous and may unduly thin the humeral
cortex. Anchor plugs are available in even increments from 10 mm
to 28 mm in diameter. The triple reamers themselves increase in
1-mm increments and remove an additional 2 mm of bone from the
most proximal 2 cm of the humeral shaft for the centering sleeve.
Centering sleeves are available beginning at 13 mm in diameter and
are not used below that size.

Anchor plug insertion

During assembly of the anchor plug instrumentation, it is es-
sential to ensure smooth and accurate alignment of the drill guide
with the anchor plug for successful pin insertion before use. The
small drill guide is used with 10-mm to 12-mm anchor plugs and
the large drill guide for the remaining sizes. Alignment is estab-
lished by passing the included short drill bits through the most
proximal and distal holes in the guide through to the plug (Fig. 6)
and the long drill bit in any of the remaining holes. The assembly
is then carefully tightened to hold this position. The anchor plug,
attached to the assembly, can now be inserted completely into the
humeral canal. The rotation of the assembly is chosen for the easiest
insertion of the drill bits. The 2 short drill bits are again inserted
to secure the assembly. The long drill bit can then be used to se-
quentially drill the remaining holes, measure the bicortical distance,
and insert the transverse pins. The pin length is typically 4 mm more
than the measured distance to allow slight overhang of both cor-
tices. Overinsertion of the pin can result in unicortical purchase and,
potentially, implant failure. Ideally, pin insertion is directly ob-
served and depth confirmed. The 2 short drill bits can then be
removed and transverse pins similarly inserted (Fig. 7).

Spindle insertion

The choice of the spindle size is determined by measuring the
diameter of the humeral canal. The spindles are available in 25 mm

Figure 3 The level of resection must take into account not only the amount nec-
essary for treatment of the patient’s disease (eg, sarcoma resection) but also the
potential reconstructive options generated by assembly of the lengths. A guide, shown
here, can then help determine the osteotomy site.

Figure 4 This patient underwent 2-stage reconstruction of an infected reverse shoul-
der replacement with failed internal fixation of a periprosthetic humeral nonunion.
Implant assembly allowed replacement of nearly the entire humerus.

Figure 5 The triple reamers come in 2 lengths and in serially increasing diam-
eters. Shown are the reamers for the 45-mm and 90-mm long anchors. As indicated
on their shafts, these particular reamers will ream 10 mm wide distally and 12 mm
over the proximal 2 cm of the canal. The removable blades to flatten the oste-
otomy are also attached, completing the triple reaming function of these devices.
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and 30 mm sizes; the correct choice just overhangs the cut end of
the humerus. Importantly, the spindle should not be smaller than
the diameter of the humeral osteotomy, and the thickness of the
humeral cortex should be measured at its thinnest point. The system
does supply force level options at 400, 600, and 800 pound-force
(lbf) depending on the measured thickness of the cortex. The 600
and 800 lbf options are for cortical thicknesses of 4.0 and 5.5 mm,
respectively. In practicality though, we typically have been limited
to the 400 lbf option.13

Final preparation of the end surface of the humerus is per-
formed with the small reamer blade, which works for both the 25-
mm and 30-mm spindles. The reamer blade is used with the Reamer
Pilot (Zimmer Biomet, Warsaw, IN, USA) and, depending on the canal
diameter, potentially a centering sleeve trial. (Fig. 8) This will keep
the reamer blade centered in the canal and allows the reamer to
bevel the cut end of the humerus to fit the chosen spindle.

The chosen 25-mm or 30-mm spindle is matched with the correct
centering sleeve. Again, the sleeves ensure the spindle is centered
on the anchor plug in the humeral canal. The spindle is then passed
over the traction bar of the anchor plug to rest on the prepared bony
surface.

The rotation of the anchor plug is universal and requires no special
attention, but this is not true for the spindle. Careful matching of
the spindle rotation mark or one of the female spindle slots with

the humeral reference mark allows maintenance of appropriate
rotation.

Spindle application

The compressive force is now applied across the spindle-bone
junction. The spindle is held with the provided antitorque wrench
for counterforce and compression applied by insertion of the spindle
nut down into the spindle and over the anchor plug bar (Fig. 9). The
Compress nut is tightened clockwise until initial resistance is met,
which indicates that the nut is in contact with the spindle washers.
The nut is continually tightened until the compression cap can be
unscrewed by hand in a counter-clockwise direction (Fig. 10) This
should occur within a complete turn of the nut. If it does not, then
the cap can be removed with a wrench, but it is prudent to double
check the security of the transverse pins first to ensure fixation has
not been lost.

The adaptor trial and other trial implants are now used to de-
termine the final makeup of the prosthesis (Fig. 11).

Figure 6 It is critical the drill guide be carefully aligned with the anchor plug to
ensure subsequent smooth insertion of the anchor pins. The construct in this pho-
tograph uses the small drill guide for the narrower anchor plugs. The 2 shorter
supplied drill bits are placed through the most proximal and distal holes, with the
third and longer drill generally through either of the 2 more central holes. The clamps
are carefully tightened, and smooth passage of the drill bits through all the holes
is confirmed.

Figure 7 The pins in this Sawbones (Sawbones, Vashon Island, WA, USA) can be
seen transversing the humerus to secure the anchor plug.

Figure 8 The small reamer is used with the mini-Compress (Zimmer Biomet, Warsaw,
IN, USA) system over the anchor plug traction bar. A centering sleeve trial is nec-
essary when the proximal canal diameter is 13 mm or larger. This reamer will bevel
the exposed osteotomy surface to allow apposition of the ingrowth spindle surface.

Figure 9 After the spindle with the appropriately sized centering sleeve is placed
over the anchor plug traction bar, compression must be applied. This is achieved
by tightening the nut over the washers inside the spindle. (The compression cap is
not shown.)
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Postoperative management

For a proximal humeral reconstruction, shoulder range of motion
is deferred for 6 weeks to allow scar tissue to form around the
humeral head for improved stability. Elbow range of motion is per-
formed to avoid an elbow flexion contracture due to the dissection
through the brachialis. Similarly, in a distal humeral reconstruc-
tion, early range of motion helps achieve a functional elbow range.
For either reconstruction, active range of motion is allowed at 6
weeks.

Results

To the best of our knowledge, Davis et al10 reported the first
example of compressive osseointegrative technology use in the upper

extremity in 2010. They reported a single case of distal humeral re-
construction in a post-traumatic situation. The implant was still intact
at the 2-year follow-up, with the patient reporting mild to mod-
erate pain. Range of motion was 35° to 120° of flexion with 90° of
pronation and supination. We described 3 further cases of distal
humeral reconstruction in 2012.14 The indication for all 3 recon-
structions were for sequelae of prior oncologic resections. At a
median of 26 months, the implants were intact in all patients. The
median visual analog scale pain score was 1 (range, 0-3) and range
of motion was −32° to 122° of flexion arc.

These 3 patients were included in a multicenter report pub-
lished this year by Goulding et al.13 A total of 13 patients were
identified, 1 of whom was lost to follow-up after 14 months of
follow-up with the prosthesis intact. A variety of reconstructions
were performed, including 2 proximal humeri, 2 humeral diaphy-
ses, 7 distal humeri, and 2 proximal ulna. Because of the number
of different reconstructions, the authors’ assessment focused on pros-
thetic survival. Two of the 12 patients required revision surgery to
address failure of ingrowth at the spindle surface. One of these 2
patients also had a periprosthetic bony and implant fracture. An ad-
ditional 4 patients required revision surgery for other reasons,
including aseptic loosening of the cemented ulnar stem (2 pa-
tients), bushing exchange for polyethylene wear (1 patient), and
sepsis (1 patient).

Discussion

The etiology of bone loss in the humerus is variable, with tumor
excision, osteolysis, and fracture as typical causes. The surgeon is
ultimately left with less bone to support reconstruction compared
with other routinely described techniques. With relatively minor
bone loss, the adaption of primary techniques and prostheses usually
suffice. In the distal humerus, up to 2 cm of bone loss can be ac-
cepted without changing function, and implants designed for greater
bone loss can be seated proud.8,9,16,19 Similarly, a proximal humeral
implant can be placed proud when necessary.7 With more signif-
icant amounts of bone loss, use of allograft prosthetic composites
or oncologic endoprostheses are viable options for management of
the osseous deficiency. A challenge with the use of allograft ma-
terial is union of the allograft to the native bone.1,2,18,21,25 Stress
shielding with resorption of the allograft in a long construct can occur
as well. The use of a long oncologic prosthesis avoids the concerns
of an allograft but is still subject to poor fixation in short bone seg-
ments and mechanical loosening.6,12,23

The rationale for use of a compressive osseointegration implant
is to address these concerns when faced with significant bone loss.
This implant generates compressive forces across the implant-to-
bone interface, thus achieving secure initial fixation and reproducible
bone ingrowth by eliminating micromotion.5 The stress transmis-
sion additionally prevents bone resorption by transmission of
physiologic load to the bone.

Although still a relatively unknown technique, compressive
osseointegration surgery has been performed for many years. Pub-
lished results are sparse, but there is evidence for successful bone
ingrowth into the spindle surface. As early as 1993, Bini et al5 de-
scribed excellent bone ingrowth in a retrieved specimen obtained
when amputation was necessary for nonimplant reasons. Similar-
ly, Kramer17 found new woven bone present in 12 consecutive cases
of implant retrieval for infection, periprosthetic fracture, or tumor
recurrence. Implant loosening was noted in only 2 infected
specimens.

Clinical results in the upper extremity are limited to the 3 ar-
ticles by Davis et al,10 Hattrup and Beauchamp,14 and Goulding et
al,13 as noted above. Published follow-up for the lower extremity
is also limited but somewhat longer.4,11,15,20 Pedke et al20 reported
a 5-year prosthetic survival of 83.5% in the compressive

Figure 10 (A) The spindle is secured with an antitorque wrench to allow safe in-
sertion of the nut over the traction bar. (B) After initial resistance from hitting the
spindle washers, the nut continues to be tightened until the compression cap can
be removed by hand. This should occur within one complete turn of the nut.

Figure 11 This Sawbones model (Sawbones, Vashon Island, WA, USA) demon-
strates how the modular implant options can be used to reconstruct the appropriate
length for the final prosthetic construct.
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osseointegration with distal femoral replacement. Farfalli et al15 sim-
ilarly found with 10 years of follow-up that compressive
osseointegration implants had 80% survival.

Conclusion

The use of compressive osseointegration is not yet widespread
in the upper extremity. However this technology broadens the ar-
mamentarium of surgical options when dealing with massive bone
loss and difficult revision surgery. Of particular benefit is the ability
to preserve juxtaarticular bone and the adjacent joint in long re-
sections with short remaining end segments. Bone preservation is
also valuable in young patients who may require future revision
surgery during their lifetime. This surgery is highly technique de-
pendent for success, and meticulous adherence to the surgical steps
is critical for success.

Disclaimer

Steven J. Hattrup is a paid consultant for Zimmer Biomet. The
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