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Evaluation of Bone Mineral Density after Replantation or
Revascularization Surgery in the Upper Extremity
Üst Ekstremite Replantasyon ve Revaskülarizasyonu Sonras› Kemik 
Mineral Yo¤unlu¤unun De¤erlendirilmesi

SSuummmmaarryy

OObbjjeeccttiivvee::  This study was undertaken to examine bone mineral density
(BMD) of the hand after replantation or revascularization surgery in the
upper extremity and to investigate the relationship between BMD and
muscle strength, range of motion and motor activity.
MMaatteerriiaallss  aanndd  MMeetthhooddss:: Fourteen patients who underwent a replantation
or revascularization surgery in the upper extremity were included in
this study. Total active motion (TAM), handgrip and lateral pinch
strength were evaluated. Motor activity was assessed using the 
Purdue Pegboard Test (PPT) and BMD was estimated by radiographic
absorptiometry (ALARA). The results of the injured and non-injured
sides were compared.
RReessuullttss::  The average length of time that had elapsed after surgery was
5.36±3.08 years. Handgrip and pinch strength, TAM of the fingers and
thumb as well as the PPT of the replanted extremity were significantly
decreased (p<0.05). No significant difference in BMD was observed
between the injured and non-injured hands (p>0.05). There was a positive
correlation between lateral pinch strength and BMD and a negative 
correlation between age and BMD (p<0.05).
CCoonncclluussiioonn::  Although replantation affected the muscle strength, functional
level and TAM, there were no differences in BMD estimates between the
operated and non-operated hands. Motor activity and lateral pinch
strength are related to BMD.Turk J Phys Med Rehab 2011;57:73-9.
KKeeyy  WWoorrddss:: Bone mineral density, replantation, upper extremity

ÖÖzzeett

AAmmaaçç::  Bu çal›flmada, üst ekstremitede replantasyon veya revaskulari-
zasyon cerrahisi sonras› elde kemik mineral yo¤unlu¤unu (KMY) de¤er-
lendirmek ve KMY ile kas gücü, eklem hareket aç›kl›¤› ve motor aktivi-
te aras›ndaki iliflkiyi belirlemek amaçland›. 
GGeerreeçç  vvee  YYöönntteemm:: Çal›flmaya üst ekstremitede replantasyon veya revas-
kularizasyon cerrahisi geçiren 14 hasta al›nd›. Total aktif hareket(TAH), 
el kavrama ve lateral kavrama güçleri de¤erlendirildi. Motor aktivite 
Purdue Pegboard Test (PPT) ile, KMY radyografik absorbsiyometri (ALA-
RA) kullan›larak de¤erlendirildi. Etkilenen ve etkilenmeyen taraf›n sonuç-
lar› karfl›laflt›r›ld›.
BBuullgguullaarr::  Cerrahi sonras› ortalama geçen süre 5,36±3,08 y›ld›. El kavrama
ve lateral kavrama güçleri, baflparmak ve di¤er parmaklar›n TAH’lar› ve
PPT skoru replante edilmifl ekstremitede anlaml› olarak daha az bulundu
(p<0,05). Etkilenen ve etkilenmeyen el aras›nda KMY aç›s›ndan anlaml› fark
yoktu (p>0,05). Lateral kavrama gücü ile KMY aras›nda pozitif korelasyon,
yafl ile KMY aras›nda negative korelasyon saptand› (p<0,05).
SSoonnuuçç::  Replantasyon kas gücü, fonksiyonel düzey ve TAH’i etkilemesi-
ne ra¤men opere edilen ve opere edilmeyen eller aras›nda KMY aç›s›n-
dan fark bulunmad›. Motor aktivite ve lateral kavrama gücü KMY ile
iliflkili bulunmufltur. Türk Fiz T›p Rehab Derg 2011;57:73-9.
AAnnaahhttaarr  KKeelliimmeelleerr:: Kemik mineral yo¤unlu¤u, replantasyon, üst
ekstremite

Original Article / Orijinal Makale 

Banu D‹LEK, Selmin GÜLBAHAR, Kadir BACAKO⁄LU, Mustafa ÖZKAN*, Ramazan KIZIL, Metin MAN‹SALI**, Elif AKALIN
Dokuz Eylul University, Faculty of Medicine, Department of Physical Medicine and Rehabilitation, Izmir, Turkey
* Dokuz Eylul University, Faculty of Medicine, Department of Hand Surgery, Izmir, Turkey
** Dokuz Eylul University, Faculty of Medicine, Department of Radiodiagnostic, Izmir, Turkey

AAddddrreessss  ffoorr  CCoorrrreessppoonnddeennccee:://YYaazz››flflmmaa  AAddrreessii::  Banu Dilek MD, Dokuz Eylul University, Faculty of Medicine, Department of Physical Medicine and Rehabilitation,  Izmir, Turkey
Phone: +90 232 412 39 51  E-mail: banu.dilek@deu.edu.tr RReecceeiivveedd//GGeelliiflfl  TTaarriihhii::  March/Mart 2010 AAcccceepptteedd//KKaabbuull  TTaarriihhii:: September/Eylül 2010

© Turkish Journal of Physical Medicine and Rehabilitation, Published by Galenos Publishing. / © Türkiye Fiziksel T›p ve Rehabilitasyon Dergisi, Galenos Yay›nevi taraf›ndan bas›lm›flt›r.

DOI: 10.4274/tftr.57.15

IInnttrroodduuccttiioonn

The primary aim of replantation is the salvage of the 
amputated digit or extremity. Many factors, including the level of

amputation, type of injury, duration of ischemia, age, surgical
technique and rehabilitation, affect the outcome of the surgery
(1). Recent technological advances as well as a better 
understanding of the tissue response to trauma and of the tissue



regeneration have led to a higher survival rate of the replanted
upper limbs, now placing more emphasis on the functional 
outcome compared to past. Although many studies have 
reported satisfactory functional results, the replanted hand may
not perform as well as the non-operated hand functionally (2-3).

Maintenance of skeletal mass depends largely on mechanical
loading applied to the bone by tendon pull and force of gravity.
Bone mass will increase with repeated loading stresses and will
decrease in the absence of muscle activity or with the elimination
of gravity (4). In addition, bone fractures, immobilization and
paralysis, painful clinical conditions (reflex sympathetic dystro-
phy, infection and inflammation), total joint replacement, internal
fixation devices (plates and screws) are mechanical causes of
localized osteoporosis (5). Thus, bone loss appears to be an
inevitable consequence of replantations.

In replant patients, the incidence of bone non-union is 
disproportionately high, probably due to poor vascularization of
the bone in the distal amputation fragment. Impaired vascularity
may also affect bone quality and mineral density. Presence of
vasomotor and neural stasis plays an important role in bone
remodeling and recovery (6). During the rehabilitation program
care must be exercised not to exert excessive stress on the heal-
ing tissues. Despite clinical awareness regarding early changes in
a replanted extremity that affect the bone recovery, little is
known as to what happens to the bone mineral density (BMD)
after the recovery of vasomotor and neural stasis in the long
term. Although factors such as bed rest, microgravity, immobility
and a lack of muscle activity have been proven to significantly
reduce the BMD, the effect of replantation on this parameter has
not been very well studied. 

This study was based on the hypothesis that BMD of the
injured hand after upper extremity replantation would be statisti-
cally significantly lower than the uninjured side, and that this
local occurrence of osteoporosis and decreased BMD may help to
predict the fracture risk in replanted extremities.  Our aim was 
to assess the BMD of replanted hand and to investigate the 
relationship between BMD and muscle strength, motor activity
and range of motion. 

MMaatteerriiaallss  aanndd  MMeetthhooddss

Forty-one patients were screened for this study. Twenty-two
subjects met the inclusion criteria, but 8 of them were excluded
according to the exclusion criteria. Fourteen patients with 
successful replantation and/or revascularization of the upper
extremity, who were followed up between 2006–2007 in the
Department of Physical Medicine and Rehabilitation, Dokuz Eylül
University Medical School, were included in this study. The study
protocol was approved by the Institutional Ethics Committee. All
cases were operated by a surgical team at the Department of
Hand Surgery. All patients provided informed consent after
through explanation of the protocol. Age, sex, injured side, level
of amputation, duration of follow-up, and the type and extent of
injury were recorded. Inclusion criteria were at least six months
of follow-up after operation and suitability of the patient’s 

hand to the BMD scanning device. Exclusion criteria included 
conditions that could affect either the recovery process (e.g. 
diabetes mellitus, infection, malignancy, immune deficiency, 
previous radiotherapy or chemotherapy) or BMD (e.g. osteoporosis,
hyperthyroidism and medications such as steroids and 
anticonvulsants). Except for some individual minor modifications,
all patients underwent the same postoperative rehabilitation 
protocol as follows: 

1 to 3 weeks: gentle, protected passive range of motion of
joints in a dorsal thermoplastic splint, wound care and edema
control. Active, active assisted and passive range of motion 
exercises to all non-involved joints proximal to the replanted 
part to avoid joint tightness that may occur proximal to the
replantation;

3 to 6 weeks: protected range of motion for injured joints,
passive and active, protected tenodesis exercises in the splint
until splint was discontinued at sixth week; at 4 to 6 weeks: 
minimal gentle functional activities to pick up light objects or
assist in minimal activities of daily life; 

6 to 12 weeks: scar mobilization as well as active, active assisted
and passive range of motion exercises; after 8 weeks: resistive
exercises for full excursion and blocked positions as well as 
protective splinting in public or when sleeping. Dynamic splinting
after fractures is stable; and sensory re-education, if necessary.

After 12 weeks: the patients were allowed to return to work if
there was no problem with bone healing. All home exercises for
range of motion, sensory re-education and strengthening were
continued during follow-up visits. 

Evaluation of BMD in replanted hand was the primary 
endpoint; the secondary endpoint of the study was to assess the
relationship between BMD and muscle strength, motor activity
and range of motion.

Total active motion (TAM), handgrip and pinch strength,
motor activity and BMD were evaluated. TAM was calculated in
each finger with finger goniometry using the following 
formula: [TAM= active flexion (distal interphalangeal + proximal
interphalangeal + metacarpophalangeal) - active extension
deficit (distal interphalangeal + proximal interphalangeal +
metacarpophalangeal)]. For the thumb, the formula ‘active 
flexion (interphalangeal + metacarpophalangeal) – extension
deficit (interphalangeal + metacarpophalangeal)’ (7) was used.
Grip strength of both hands was measured by a Jamar hydraulic
hand dynamometer (Sammons Preston, Bolingbrook, IL, USA).
During testing, the subjects sat with their shoulder adducted,
elbow flexed at 900 and their forearm and wrist in neutral 
position. The patients were then instructed to grip the

Figure 1. Alara. Metriscan Bone Densitometer
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dynamometer as hard as possible for 3 seconds without pressing
the instrument against the body. Lateral pinch strength was 
measured with pinch-meter (Irvington, NY10533, US) at the same
position. Three measurements were recorded and the mean 
values were calculated.

Motor activity was evaluated with Purdue Pegboard 

Test (PPT) (8-9). This test is used for the assessment of motor

activity of the hand. Two types of activity are measured: one

involving the gross movement of hands, fingers and arms and the

other involving primarily what may be called an assembly or 

fingertip dexterity. In this test, motor activity was evaluated in

three stages within thirty seconds. First was left hand coupling,

second was right hand coupling and third was bilateral coupling.

All tests were done three times and an average value was 

calculated. Sensory recovery was measured by the static 

two-point discrimination (S2PD) test for each finger. BMD was

measured using ALARA (As Low As Reasonably Achievable)

Metriscan (10) (Figure 1), which is a compact digital radiographic

absorptiometry device capable of determining phalangeal BMD in

arbitrary units from the second phalanges of the middle three

digits. For an exposure, the patient removes any jewelry from the

hand, and places the hand on the molded support plate. Hand

placement is checked to ensure the fingers are flat but not too

much pressed down and that the second phalanges of the middle

three digits are within the region of interest marked on the plate.

With exposure, a cone beam X-ray image (tube voltage, 60 kV;

current, 0.333 mA) of the region of interest is projected onto a

curved storage phosphor plate mounted on a rotating drum. The

drum is rotated and scanned by a laser in order to excite photons

to an electronic signal pulse proportional to the number of 

incident photons. A second light source then erases the plate

ready for the next acquisition. An aluminum step wedge of known

thickness built into the device within the region of interest 

provides the calibration for each image. The geometric distortion

inherent to projecting the image onto a drum is corrected by 

software before the final digital image is displayed on an LCD

screen. Bone mass estimates are determined through compari-

son with the step wedge and T and Z scores (i.e. the number 

of standard deviations from normal young or age matched 

individuals, respectively) are derived from reference data. BMD

score is given in an arbitrary unit rather than the usual g/cm2

(10). All evaluations were done for both hands and the results for

the injured versus non-injured hand were compared.

Statistical evaluation was performed by using SPSS 11.0
statistical soft ware. Mean and median values, standard 
deviations and inter-quartile ranges (IQR) were calculated and
compared using Wilcoxon test. Spearman correlation test was
done to assess the relationship between BMD and muscle
strength, range of motion and functional level. Significance level
was accepted as p<0.05. 

RReessuullttss

Fourteen patients (9 males and 5 females) were included in
this study. The age ranged from 19 to 59 years with an average of
35.29±15.07 years. Average time after the surgery was 5.36±3.08
years (1-10 years). Seven (50%) patients had total amputation
and seven (50%) patients had subtotal amputation with 
revascularization. Total amputation is defined as a completely
amputated distal part, without any physical connection between
the severed part and the patient, and subtotal amputation is
defined as an incomplete amputation in which some of the soft
tissue (skin, nerves or tendons) is intact. However, in all cases of
subtotal amputation in our study, the distal part was attached to
the proximity only with a small skin bridge. The non-dominant
hand was replanted in 10 subjects. There was no patient who
experienced any fracture in their replanted extremities. Level of
amputation, type of injuries, and functional and BMD data are
shown in Table 1. Average duration of rehabilitation was 3.50±1.91
(1–6) months. TAM for the fingers and thumb, lateral pinch
strength, and hand grip strength were significantly lower for the
replanted hand compared to the contralateral non-injured hand
(p<0.05) (Table 2). PPT results were better for the non-injured
side (p<0.05) (Table 2). The thumb and finger TAM in the injured
side were 76% and 85% of the non-injured side, respectively. The
hand grip strength for the injured side was 51% and lateral pinch
strength was 68% of the non-injured side. BMD estimates of the

IInnjjuurreedd  hhaanndd NNoonn--iinnjjuurreedd  hhaanndd pp  vvaalluuee
mmeeddiiaann  ((IIQQRR  2255--7755%%)) mmeeddiiaann  ((IIQQRR  2255--7755%%))

NN==1144  NN==1144

BMD (au) 56.90 (51.28-60.02) 59.10 (56.89-61.13) 0.175

T score 0.005 (-1.38-0.77) 0.445 (-0.18-0.94) 0.182

(BMD: Bone Mineral Density, au: arbitrary unit; IQR: Inter-range quartiles

Table 3. Comparison of bone mineral density of injured hand and
non-injured hand.

IInnjjuurreedd  hhaanndd  ((nn==1144))  NNoonn--iinnjjuurreedd  hhaanndd  ((nn==1144))  pp  vvaalluuee
MMeeddiiaann ((IIQQRR  2255--7755%%))  MMeeddiiaann  ((IIQQRR  2255--7755%%))  

Hand grip strength (kg) 14.24 (2.53-25.41) 24.66 (20.04-36.08) 0.008*

Lateral pinch strength (kg) 14.66 (7.62-17.16) 18.16 (14.87-21.91) 0.021*

Thumb TAM  135.00 (86.25-146.25) 150.00 (142.50-161.25) 0.011*

Finger TAM 232.50 (205.56-258.50) 261.00 (247.81-272.31) 0.008*

PPT 10.16 (8.25-13.24) 14.00 (13.66-15.58) 0.001*

(TAM=Total Active Motion, PPT=Purdue Pegboard Test, *p<0.05)

Table 2. Active motion, strength, and motor activity results of the study group.
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replanted and non-injured hands were not significantly different
(p>0.05) (Table 3). There was a positive correlation between 
BMD and lateral pinch strength (r=0.62, p=0.001) and a negative
correlation between BMD and age (r=-0.53, p=0.04). In addition,
there was a positive correlation between BMD and bilateral motor
activity as assessed by PPT (p=0.039, r=0.556). However, no 
significant correlation could be found between BMD and grip
strength or TAM (p>0.05). 

DDiissccuussssiioonn

The aim of the present study was to investigate the BMD of

the hand after upper extremity replantation. The BMD values in

the injured and non-injured hands did not differ significantly. Our

literature search revealed only a single study assessing the 

BMD after replantation (11). In that report, five patients were 

evaluated following traumatic amputation only with 

radiographies. Levels of amputation were the wrist (2), mid 

forearm (2) and knee (1). Following upper limb replantation, rapid

development of osteopenia has been reported in the bones of the

hand in all cases. However, a gradual resolution of bone changes

were noted in three of the four cases where follow-up exceeded

5 years. Following lower limb replantation, there was no evidence

of bone loss (11). However, in that report, bone loss was only 

evaluated by X-rays and, no other BMD measurements were 

performed. Moreover, the authors pointed out the possibility that

their results could be related with reflex sympathetic dystrophy

syndrome. In contrast, our patients had no significant evidence of

bone loss following upper extremity replantation. We assume

that this may be related with the duration of time that has

elapsed after replantation. The average length of time after

replantation was 5.36 years, which might have been an adequate

length of time for BMD to recover. Also, despite significant

decrease in muscle strength and functional level in the injured

side, our patients had sufficient motor activity and most of them

were satisfied with the performance of their extremities during

daily activities. 

Patients who were on medications that can lead to 

osteoporosis or who had conditions that may impair the recovery

process were excluded from the study. Smoking is also a factor

that could affect the BMD. However, such an effect is expected to

involve both hands. Also, dominant hand has been shown to have

a higher BMD compared to the other hand (7). Unfortunately, our

small sample size precluded a meaningful comparison between

the dominant and non-dominant injured extremities. Surprisingly,

we could not detect any differences in BMD between the injured

and uninjured sides, although the non-dominant extremity was

injured in most of our patients. 

BMD assessment plays an important role in the evaluation of

patients with potential osteoporosis (12). Osteoporosis increases

the risk of fracture and disability, and BMD has a predictive value

for the fracture risk such that one standard deviation decrease in

BMD of an age-matched norm is associated with a 50-100%

increase in the risk of fracture (13). Studies examining localized

osteoporosis following tendon or ligament injury are scarce in
number (14-15).

There are a number of devices available for assessing BMD in
the peripheral skeleton such as ALARA for the hand, dual-energy
X-ray absorptiometry (DXA) for the forearm and ultrasound for
the heel (16). The ALARA Metriscan, which was chosen for our
study, is a compact digital radiographic absorptiometry device
capable of measuring bone mineral content of the second 
phalanges of the middle digits. It is possible that we could have
found different results with DXA. However, ALARA was chosen on
the basis of practicality, cost-effectiveness, and lower radiation
exposure compared to DXA.

The limitations of our study include the small sample size,
which is partly related to our patient selection criteria, and the
differences between the patients with regard to the level of
amputations and type of injuries. Most of our cases had finger
replantation that has better functional results, consistent with
the satisfactory outcomes observed in all of our patients with
proximal injury.

Mechanical stress is a major determinant of BMD, morphology
and strength. Therefore, immobilization accelerates bone 
resorption, especially of the cancellous bone, so the bone
becomes atrophic and fragile. Osteocytes respond to the
mechanical load and changes in the bone metabolism (17-19) and
they play an important role in transmitting the mechanical load
through intracellular (cAMP and cGMP) and extracellular 
(PGE2, IGF-I, IGF-II and TGF-β) signal transmitters to induce 
bone formation by osteoblasts, inhibition of bone resorption by
osteoclasts or a combination of the two (20,21). Bone loss 
has been related to immobilization and muscle strength in 
some studies (22,23). In a study by Erdem and Kekilli, patients
surgically treated for acute clean-cut tendon injuries at the volar
wrist level were examined, and a significant bone loss was
observed as early as 6 weeks which continued up to 4 months
after the operation. These authors emphasized the importance of
early active mobilization (24). However, the long-term effect on
BMD is not known. 

Probably vasomotor stasis is an important determinant in
these patients. For instance, following spinal cord injury, 
sympathetic nervous system affects the circulation in bone and
causes transformation of mesenchymal cells into osteoclastic
cells (25,26). Nerve injury also affects the BMD via the 
neuro-osteogenic system (27,28). Osseal neurons contain 
neurotransmitters, which have been identified in bone cells.
These neurotransmitters can modulate bone remodeling.
Therefore, bone loss is an inevitable consequence in a 
denervated bone. However, reversibility of such changes after
reinnervation is not known. A solid microsurgical technique for
vascular microanastomosis and nerve coaptation enables a good
nerve and vessel healing, perhaps partly explaining our BMD 
findings in our patients. Also, in our study, BMD measurements
were performed long after the reinnervation was done. In our
cases, a significant relationship between lateral pinch strength
and BMD was observed. This suggests that in addition to 
extrinsic muscle strength, the intrinsic muscle strength, which is
a marker of motor innervation and was measured by finger 
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lateral pinch test, may be more directly related to the BMD in 
fingers. It can be hypothesized that since recovery in the intrinsic
muscle function and sensory function of the fingers are associated
with sympathetic reinnervation of the bone, a correlation
between BMD and sensory recovery in the skin of replanted 
digits may exist. However, the small sample size again precluded
reaching any conclusions on the relationship between the BMD
and 2PD test results. 

In some experimental studies, unilateral nerve section have
been found to disrupt neuronal signaling in the ipsilateral side,
but some studies have also identified alterations in contralateral
nerve anatomy, function and transmitter expression following
nerve section (29). Some studies found that patients with stroke
were at increased risk of developing osteoporosis both in paretic
and non-paretic upper extremities in acute and chronic phase
(30,31). Impairment of local neurotransmitters can reduce 
neuronal signaling, therefore inducing bone loss in contralateral
side (32). Absence of a significant BMD difference between
injured and non-injured sides in our study can be related to 
bilateral BMD loss caused by the impairment of neuronal signals.
However, we did not compare our patients with healthy controls
in terms of BMD of the upper extremities, pointing out another
possible limitation of our study.

Muscle strength has been reported to be associated with the
bone composition (33,36). Impairment of muscle function
reduces the function of the replanted hands and could be related
to BMD. Therefore, we assessed the relationship between 
BMD and muscle strength in our patients and found a positive
correlation between lateral pinch strength and BMD. This finding
suggests that muscle strength affects bone density. However, no
such correlation was observed for hand grip strength, which can
be explained on the basis of the fact that this test measures the
total hand grip strength. The most frequently used assessment
tool for hand grip strength is the JAMAR dynamometer, which
was also used in our study. But our patients found it difficult to
hold the hand-held dynamometer and to squeeze it well enough.
We did not use a sphygmomanometer which is a light device. This
could have caused a technical problem in measurement that
affects our results. This problem is a limitation of our study.
Motor activity in the injured upper extremity was significantly
lower compared to the non-injured side, and there was a positive
correlation between BMD and bilateral motor activity as assessed
by PPT, suggesting a link between BMD and motor function. 

In conclusion, we were unable to show a long-term effect of
upper extremity replantation on BMD of the injured hand, and the
injured and non-injured sides had similar BMD estimates after
replantation and revascularization surgery. Another observation
in the present study was the correlation between BMD and motor
activity and lateral pinch strength. While interpreting 
these results, some limitations of our study such as small and
heterogeneous sample and absence of healthy controls should be 
borne in mind. Further studies are warranted to confirm the 
associations observed here.

AAkknnoowwlleeddggmmeennttss
We thank Metin Kaçmaz and Merck Sharp and Dohme

Company for providing the equipment for bone mineral density
measurements. 

RReeffeerreenncceess

1. Chiu HY, Shieh SJ, Hsu HY. Multivariate analysis of factors influencing
the functional recovery after finger replantation or revascularization.
Microsurgery 1995;16:713-7.

2. Nagese T, Sekiguchi J, Ohmori K. Finger replantation in a 12-month-old
child: a long-term follow-up. Br J Plast Surg 1996;49:555-8.

3. Bauer DC, Browner WS, Cauley JA, Orwoll ES, Scott JC, Black DM et al.
Factors associated with appendicular bone mass in older women. Ann
Intern Med 1993;118:657-65.

4. Halar EM, Bell KR. Immobility and inactivity: physiological and 
functional changes, prevention and treatment. In: Delisa JA (Ed.).
Physical Medicine and Rehabilitation, Principles and Practice.
Philadelphia: Lippincott Williams and Wilkins; 2005. p. 1447-67.

5. Schurman DJ, Moloney WJ, Smith RL. Localized Osteoporosis. Marcus
R, Feldman D, Nelson D, Rosen C (Ed.). Osteoporosis. Boston :Elsevier
2008. p. 1417-34.

6. Buncke HJ, Jackson R, Buncke G, Chan SW. The surgical and 
rehabilitative aspects of replantation and revascularization of the
hand. Hunter JM, Mackin EJ, Callahan AD (Ed.). Rehabilitation of the
Hand Surgery and Therapy. St Louis: Mosby 1995. p. 1075-100. 

7. Hoang NT. Hand replantations following complete amputations at the
wrist joint: first experiences in Hanoi, Vietnam. J Hand Surg
2006;31:1:9-17.

8. Costa LD, Vaughan HG, Levita E, Faber N. Purdue Pegboard as a 
predictor of the presence and laterality of cerebral lesions J Consult
Clin Psychol. 1963;27:133-7. 

9. Kane JR, Gill P. Implications of the purdue pegboard as a screening
device. J Learn Disabil 1993;547:36-40.

10. Thorpe JA, Steel SA. The Alara Metriscan phalangeal densitometer:
evaluation and triage thresholds. Br J Radiol 2008;81:778-83.

11. Jacson A, Reilly M, Watson S. Wing limb replantation: a report of 5
cases. Skeletal Radiol 1992;21:155-9.

12. Blake GM, Fogelman I. Role of dual energy X-ray absorptiometry in the
diagnosis and treatment of osteoporosis. J Clin Densitom 2007;10:102-10.

13. Jarvien M, Kannus P. Injury of an extremity as a risk factor for the
development of osteoporosis. J Bone Surg 1997;79:263-76.

14. Ditsios K, Boyer MI, Kusano N, Gelberman RH, Silva MJ. Bone loss 
following tendon laceration, repair and passive mobilization. J Orthop
Res 2003;21:990-6.

15. Boyer MI, Ditsios K, Gelberman RH, Leversedge F, Silva M. Repair 
of flexor digitorum profundus tendon avulsions from bone: an ex vivo
biomechanical analysis. J Hand Surg 2002;27:594-8.

16. Blake GM, Chinn DJ, Steel SA, Patel R, Panayiotou E, Thorpe J et al. A
list of device- specific thresholds for the clinical interpretation of
peripheral Xray absorptiometry examinations. Osteoporos Int
2005;16:2149-56. 

17. Doty SB. Morphological evidence of gap junctions between bone cells.
Calcif Tissue Int 1981;33:509-12.

18. Lanyon LE. Osteocytes, strain detection, bone modeling and 
remodeling. Calcif Tissue Int 1993;53:102-7.

19. Cowin SC, Moss-Salentijn L, Moss ML. Candidates for the
mechanosensory system in bone. J Biomech Eng 1991;113:191-7.

20. Duncan RL,Turner CH. Mechanotransduction and the 
functional response of bone to mechanical strain. Calcif Tissue Int
1995;57:344-58.

21. Jiang SD, Li-Yang DAE, Jiang LS. Osteoporosis after spinal cord injury.
Osteoporos Int 2006;17:180-92.

22. Ditsios K, Boyer MI, Kusano N, Gelberman RH, Silva MJ. Bone loss 
following tendon laceration, repair and passive mobilization. J Orthop
Res 2003;21:990-6.

23. Jarvien M, Kannus P. Injury of an extremity as a risk factor for the
development of osteoporosis. J Bone Joint Surg 1997;79;263-76.

24. Kekilli E, Ertem K, Yagmur C, Atasever A, Elmali N, Ceylan F. Transient
bone loss of distal radius and ulna following clean-cut tendon injuries
repair and passive mobilization. J Hand Surg 2007;32:320-5.

25. Dauty M, Perrouin Verbe B, Maugars Y, Dubois C, Mathe JF.
Supralesional and sublesional bone mineral density in spinal cord
injured patients. Bone 2000;27:305-9.

Turk J Phys Med Rehab 2011;57:73-9
Türk Fiz T›p Rehab Derg 2011;57:73-9

Dilek et al.
Bone Mineral Density after Replantation78



26. Chantraine A, Nusgens B, Lapiere CM. Bone remodelling during the
development of osteoporosis in paraplegia. Calcif Tissue Int
1986;38:323-7.

27. Goto T. Introduction to the innervation of bone. Microsc Res Tech
2002;58:59-60.

28. Lundberg P, Lerner UH. Expression and regulatory role of receptors for
vasoactive intestinal peptide in bone cells. Microsc Res Tech
2003;58:98-103.

29. Koltzenburg M, Wall PD, Mc Mahon SB. Does the right side know what
the left is doing? Trends Neurosci 1999;22:122-7.

30. fiahin L, Özoran K, Gündüz OH, Uçan H, Yücel M. Bone mineral 
density in patients with stroke. Am J Phys Med Rehabil 2001;80:592-6.

31. Yavuzer G, Ataman S, Süldür N, Atay M. Bone mineral density in
patients with stroke. Int J Rehabil Res 2002;25:235-9.

32. Kingery WS, Offley SC, Guo TZ, Davies MF, Clark JD, Jacobs CR. A 
substance P receptor (NK1) antagonist enhances the widespread
osteoporotic effects of sciatic nerve section. Bone 2003;33:927-36.

33. Romero-Zarate JL, Pastrana-Figueroa JM, Granados–Martinez R. Upper
extremity replantation: three year experience. Microsurgery 2000;20:202-6.

34. Tsuji S, Tsunoda N, Yata H, Katsukawa F, Onishi S, Yamazaki H. Relation
between grip strength and radial bone mineral density in young 
athletes. Arch Phys Med Rehabil 1995;76:234-8.

35. Ribom E, Ljunggren O, Piehl-Aulin K, Ljunghall S, Bratteby LE,
Samuelson G,  et al. Muscle strength correlates with body bone 
mineral density in young women but not in men. Scand J Med Sci
Sports 2004;14:24-9.

36. Sinaki M, Wahner H, Offord K. Relationship between grip strength and
related bone mineral content. Arch Phys Med Rehabil 1989;70:823-6.

Turk J Phys Med Rehab 2011;57:73-9
Türk Fiz T›p Rehab Derg 2011;57:73-9

Dilek et al.
Bone Mineral Density after Replantation 79


